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hydr ophone and geophone reflecti ° °d? 7J] 5, tiplexed, gain-renoved
and anplitude recovered using id t' c é;recovery curves. Here,
the gain- renpval process properly useg" (% n settings of the

recor di f‘fg wherer unents. The calibration data are al so denultipl exed and
gai n-renovése Faptecorraigiignfunclignef hydrphoppiecsl pr ocess 45 properly uses the
K- gai n set tfwng gaapcqrrnletiQNém|0ﬁg;9q°H§>p?ﬁ?ant S. F ([%art icle velocity
component &t § "g?-?&"e 'ﬁbﬂ'@"tpﬁ? W‘?’?@ﬂ"e&ﬁ?ﬂgi"zﬂ"’fnﬂ ™% on data are then

mul ti pl bocatdl vel_9" sec g)rr] where [err] = hydrophone array

transducti &n Joofuss 'é ?'::iaﬁoth]lfl 3‘?1‘%' Ebrdtbn Y hsd dﬁp&#j’d S-SR
50 [err] ralooftﬂia j; 3 u fodbhela f E ARdnShrcAdhS i

[err] 59k nz»g yranitdph b sm.ﬁmm oy §1eRGd ot pordhll,
water (metef nﬁlﬁ'ﬁ@ rs, ,Pand'i abkbth frdi REpedtvd hdipHSR tradbs  Thb FeBiiltind Rt &R stabked.
accor d Wit rAuto fabisiQhridns 8hd SiplitURIFSLErS 6F the BRIdked Qath St U6 \Computed antl Bieplayed. By iter-
hydr ophonesatigiyche @SS stépa, snUpirRdl Vahid v KREREIefRRRGAIWAIEh BiHhizes thvaffecteet the
anpl i tude s{eebduni rovertefaongeophone to match that of the hydrophone, or vice
versa. This fRéfériig dgsin R{RijuteciCidiriog daadolfectionasaismiziwaldsayenepdtédhy tseigmic soucbe 16 travel
cal i br at i ornlegmvagd) asiedickeski dy @ys 30med &y ciflegtoffeatietrata 26,128 exjwern particylady; off thadntery n
f ur t her *ac dened6 batween hops statar The dpvardhoefiested waves 32travel pastthe arexodcupied by the piyesmer
fromthe calSiththewaterls sueiaca 38.Ruringchdir fitst, or prinpary; papsing the wayes 32 ere deteciad by thersprsar
(1) by di vi2diwhigh gdneratey sieciyisiatsignals IBPTS!G"EF'WMHPSSHE&W ReFHiste velerihechg %Wéerﬂlé%%ne
first-arri mvefp@@ndu mit thoseesiopgigback et 9%%@4&5%9@%3'\9'&0&%%# t he r suI

val ue. Then, Vemnatikiag Mawa"t-vtsr&aég 3? Pa@a °%PF9Vr"F‘E gg?

geophone t rtﬁ‘?:‘!éa I °‘ a‘f pd. feymyy

) | n" fer P é ﬁ[ﬁr (f{ streamer y caut ng
Th e r esul ti B gg‘%{:‘n eo:é air %enerags| urthehse élec SI ':3:1 :ﬁ ur;a t
f orhat er - o1 F‘E |n§>£ tvﬂ&é’r‘ﬁ |(foBsholvi)E
factor Kisg maé m&u&gn weJeH.ﬁdsthJp SRR, il Shcadohérl S
peak di vi deﬁ & EO 1Pank by fbrirdcaftVid] ThiRGAKrgy, WREIEIs ndt shawniihé ikt

the hydr Ophé?sme\kfbaﬁﬁs RtheThanhé? dRELF49AGbAVE bétRedn WateP APREBIRN balte@ 121 N anot her
preferred pragbdaGs thddhbst fefsdtios altd dppéd cOkbrénDerielye teg @10 PVDIAR, of ifitdrte@SwithSthe primary
det er m ned rafieations,rdvirBaring seismic@eflectbd datd is diffictitieintaypelt. SYheeaspriorat schempisuches those
refl ecti“on diatosed inibé Ruphlepatbnt bave fapfisedl oretbesse i filtering sthemes to elimirtateghbst refidctiongdataon s
are evi denttheinyentes hamgpd Sibraip lhesidiscoeraddhat ohprentawis? thath drdprsy andsghow) cap hy rediiced he
fol | owi ng eopplyingsseinqied sadlefaciortp fip oplputs ¢f a pregsurg transtluqer gnd gearw'ﬁyﬁlecﬂlvérﬁ'i'spucems'-
aut ocor r el ationessubsiandielly ggjacent oge #ripHerRIRPFRierabivaenthewalers betipm. Bhescale fEetpr,

of a geqphobnceriyed frem|the gepustical imperance of thawater ‘EW“‘PUPRSPW(S‘?‘F“H?‘ 'aaWd'P'B'BWBH éi“}?ﬁd
geophone t réptasmigistically-andsiatisticallys a% q’r"“gﬁ?é‘l 'E'?’%?“"& pplow. sound. vel

water (neters fgge 3 A lbmess a preferred operating sequence for a marine se|sm|c reﬂectuon system of t?u typy shown

in Figure 1. In step 40, seismic source 16 generates an acoustic wave for transmission through the water and
reflection from earth strata 26, 28. Wavefields representing primary and ghost reflections, as well as those
coherent noise, travel through the water and past the streamers, where they are detected by hydrophone/ge-
ophone pair 22, step 42. The pair generates a water pressure-representative signal and a particle velocity-
representative signal for recording and processing according to the teachings provided herein. The hydro-
phone/geophone pair 22 may be positioned anywhere in the water and, preferably, on or near the water's bot-
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'Adcordung to yet another preferred practice, if the calibration data were
not shot and the signal “to-noise ratio of the data is too poor for the
-above met hod using autocorrel ati on ERodtiés4a®Icorrel ati on functions to yield
stabl e values of K, the factor Kis determ ned as foll ows. CGeophone traces
are nmul tipkdup@d by a-range of potential, or candidate, factors, K, and added

to their resnRebps’ ahy4l, AL BRARR Jehdibtésan eﬂkﬁcéd%&bﬂﬂ& reREctibtPdighal r§pr$s@ﬁiﬁg 8 bectead.

25 Aut 0COT YiftlaPdomBiRatiohl Brafke walkF pradire adthe W6l DeISIRE. 0 dnibodilmedtiivherd tH lresdurd altpaBet S

ar e conput @ele dditfldetdeton)srelpositiyhetl & poinbbboveihy wirer'sl bottsth, Bifs énhared soistizTefledtion
opt i mal svakigral Bfchdfactefizeda® being substantially fiak bicdn least downwaely-ptdpagatidgl cempahents oftrover-
_wat er - col uieration visaid esisuiic vanewithiRetieavater. mprefegad emtiodimBints) where thosedetestorgjare pasisioned
col | ect i on at thewatershotimy dw egkancedselendic heflection sionatis shamctedzed @s beingaubstantialv fvee of,
as i ndi cat both bgwardiyand Sovnwardly aropagatiriglcomponentaéfreverherationst r at a 26, 28 or, nore
‘particul ar | y,Maesé particrlarly, intstep 44, Y@ sysigmescaes the walereressurryseressniative gignat nd thﬁﬂﬁ&i"'&l y
reflect&d \xaq@z-reawsqmﬁmigngawumaénseﬁt least gracafi i &y e’?caterf@msme%@m 18 to the
wat er' s sur f 2 theggoustioglim a'i"ﬁ 8f the waterdt the ydrophanfagophonp, aerg$ PPQ'“?’W@ alappiatin the
are detected "{fy’ fifaboxethe httom 32, pnd ch nerg es el e é if% ﬂ’@‘?"ﬁ
‘represent at i "6 “"g té’§;§'ﬂ?°é'a%fﬁﬂf \ gierig) Btéhet“{}’ eéﬁ GHS ! 1R Aydrorpgnelogerhiong

wav ef i eI d an

éxcus pap iying it NGcoMES Shftlote Yelod unbfof glidae
and profes c{agas ﬂ fﬁ? f ..n ﬁﬁi”o gﬁgiaarsfjﬁ "Sa?ﬁm it
energy In t or {ﬁ :Yé@gteﬁ‘;{hmf?a FrQ&Qtniln?ed as
indicated 60‘?}&’& %, to rg a secon ownwar travel l'i'ng set of
ref Rection dt'1 osts ese ,b,,r f, ons once agal n. pass through

the areg oc s ff(‘he amar e a Qt%n es wgve Qaqgrpg e’traggl r
22 to geneﬂEl pé %‘Gnéass%éate |th %ﬁgp § g eS t}lj} fans-
nature of td nﬁ‘ﬁ‘lr X@ v IS t Iant%s ﬂt@& i’thcc%ter ve-
portion of defs@lﬂgg% ﬁ‘i&, # cdnft tgﬁﬁd t%éduéJrHt Mtﬂ rtil@ Léidcitpis BGEd-OM
My once aggy thad E vt c(Pr'@Et n HAEWRIsEhclatell Gt dn'Hlgidofipkiphdatisn SBIR SdismiéwRb ine! d
(not sheﬂ/\n)the‘,ﬁg T"'h addition, the water 10 often carries reverberant

wavefi el ds OfAﬁéMngtﬁ%%rQ&ﬁpuﬁr@ﬁﬂébaIe facOr is dEUHSS Bel AW 1R Eciinddibn WiEh Figre 7.
‘gener at ed by mRuforsthedtionetiitediyity GBrfdctith fetod Dir..l 4 expldited asafahdign ofw) thalangisof prop-
shown i n t lagatioh freisiertithliofthe seidink Wavedias Jamer.HeesS Dir L isteldal trRoB(vE) forg’ beth@deledtgly e
_bet ween Watcﬂlicalsmglé ackotBdwiaeds dnodl tooThLeritiEk grmledea funaliog bidie prepaddtion velagitysof thed

t r apped*colseisminwawraed gan tesnizstantislly equel taiaresinge’/o), hene ) e thajvelerity pfieoppastionaf yhe
ref | ect i onssismiawavedr thesateraind() ie a veldoiteefipfopagatinntofithe asismicwave injap earth material @peld |
‘\her eas priwglergbattomchenes such as those 45 disclosed in the Ruehle éat ent
‘have. f ocused Aypreferrd sgauencerforcolpuating theafarementianed digsciivity Fﬁ"ﬁapefaa‘ﬂfd%im%'ms #%3%n
data, the I ﬁWﬁszr?aﬁ'E‘da'Hé? @?&F%&%"Yﬁ?@%@!"%ﬂ“%%a‘i"' wgrdpiofpatefsbee. igole

& iped by SpmAyting aics
(e Dt Noedunce 11 B e Bt p e o G 3 Pl i

po |- tion t‘§"b'Bstant|aIIy adj acent O‘Qﬁ go h and, preferably, on the
wat 's bottom The scal e factor, N of der| ved fromthe acoustical

npedanee dfherefrlisfhedensitygf "nafrﬁwm%e'eﬁmmemﬂan (ah’ewe waaeé'f"éww'wé’afhefefsn‘@r
det erm ni St“fal‘f% ,_Q? g.agang{eaql ? ,gnd m gsm S oon trucedur}Iaccoercll QW the bl e
2 outlines a TP 14eeRge 2 e %?‘ %@ cmesss 38 lnd i

( owWn |
syst em of t ﬂ%éen Yh flc%%elgcl -rep ,ﬁ&t, a hone pair
gener at es 4 sSaledTne uonf?nﬁt step 44 (Fig-
ref| ect fon é}fﬂ.&%rnf siith rea a ab awuss%easowﬂ oo Bgh Ve
ghost  ref | gelQisa). The sydfe 88?t§th rﬁq%ﬁ ﬁt@ﬂ?or irRing b bifbé@ity RS de.

wat er and Rasded sddte it bdnRABE with skpSE0Rind éhe‘yha%ﬁe&tﬂﬁﬁ&&r%dmhl‘)ﬁllem{ﬁiéda@h'ﬂﬂﬂﬁaeach55
Ophone pai ling8 providdderethlas indicated BVdr tHe VR KW P4th MdivEidr SonnputifbSlehientsoB RRESICSstin Ve
signal @nhd g8 fithéiindiides slémenCToD Yor det@MinRG & Béaki facie® intheIhamherfditusseeicbovdiimmnjanttion
processi ng vawewp 48, abpve.0 t he teachi ngs provi ded herein. The hydro-

‘phone/ geophonan gaaratul Gnsteugtel) i aposi with Gigwd 14amgd nparatiog aqeortiihgeto the methodwef figure 2 can

pr ef er abl y,bedmplemenied s spedinb putedse hardwésusing impleaentationtech@aues panventipnall tp the|at. Beeps
44 and 46, fernly, bgweverrmugearearatueis implementpdoncaagnesa purpdse digitef datergcgssorfiayjpggonven-
represesd i rignal seisnficdatanipepssing saftwateridsisn@ne Rifercedl padkegepErofiyarg togls is gpramerriglly pyall-
wat er vel ocﬁ%hxm'"l“i'? %maf’?fﬁ‘?it’%demm%m@km@’bressure and par- ticle velocit

det ect ors ar eAfiEEerupdarzanding of he jpyeption anch, mere particulgely.dhe @'%?ﬂ"t‘%ﬁ‘f scalf facton Ry

sei sni ¢ r efgti@iped hyseference kg the discussion which iallowg | 769 as bei ng substantial ly free
of at |east downwardly-propagating conpgnents of rever- beration of said
seismc wave within the water. In preferred enbodi nents, where those
detectors are positioned at the water's bottom the enhanced seismc
reflection signal is characterized as being substantially free of both
upwar dly and downwardly propagating conponents of reverberation. Mre
particularly, in step 44, the system scales the water-

o m



wat er 20 above the bottom 12; and b) the acoustical inpedance of the earth
material 26 at the water's bottom If the hydrophone/ geophone pair is

posi tioned on the bottom 12. 15 EP OFé84BIbl vy, t he system executes step
44 by multiplying the recorded particle velocity function by a scale factor

-as derived Rblﬁtloﬂxwg%éax UPMrd &d‘«l'nbmchréﬁﬁmn__ﬁ‘gﬁﬁwsl G aif PRI VEIofity WaldsON by one.
A scale fa US€ 1 n conjunctron wth a

hydr ophone/ g QQ&B&?@unQ&éﬁndMﬁtbﬁé&@de%eﬁpﬂﬁu Bid doRnviaREtravélin@pressiie i daftiele ve-
bottomis (de@yfields, iddnelpdl & f6uPon 4 Verysnthit Eufbb bfimdbler B0 shavindni Fig@e 3.1 s a vel ocity
of propggat i an tfrigheansiy maked piaidicates th BReseressyre)[acting n thesoutwerd dinastion thora theon
const ant asgaR®GD alidlthatitebtidnlottheBéxds62¥saBonun he okt foee Dpamying ¢rethe dube ig thegdz direction

t ransduct i eiay boexptessetl aoblidvse trans- ducer with which the water pressure is
~recorded); [err] is a transducfFi eripebffeL/tamz)xésoeid®yed with the water ve-
locity detecting step (e.g., a tranBdudiP=0RANASt ant of the transducer with
whi ch t e [Ifé kbgslofthy 8ib8 60 indy Heexileds@rds- ed); and [err] is a directivity
correction factor associated wi th an anglpaxaghz pr opagati on of the seismc
wave in 25 the I the'dehits bthd @b S€duence for conputing the scale factor
|'s descr i beghuble e'?atlﬁp&ltrgzrbﬁﬁé i the W& &ifdctioh Sy Ge ekpredsa@astl OF emeNt i oned

di rect|V|ty correctlon factor, [err] ig, e%pfsessed as a function of [err]

t he ang % of scérop agation fr_om vertical of the seismc wave in the water.
Here, [err] qual'to cos([err]) for er,;‘; | ess than a selected critical
angke and, otherwise, Is equal to 1. Thé critical angle Is a function of
the\p!opagé‘!ei"on vel ocity of the 30 sel sm ¢ B'Xe and can be substantially
equal tg,arcsin([err]), where (a') i P=ARS oaY ity of propagation of the
'sei sm ¢ wave Asusbdieeraim tavpressioh i§ edpressedas ¢ edsiiive prossure pyisep preerdinghbn of t he
seismc wave in an earth material at s@®d vater's bottom A preferred
sequence f Qincepl seMlsedlairaibladibf whdrop RERBdIrQAGE] directivity correction factor
is shown In Stlmeaﬁthréﬂewti:aEb@Hdinesi&ingaﬁlghtloﬁuieawgneofmmapsuﬁedhelrdirea mypititeem
‘det er m nes veldéity @ulsd Wil bd expragie as stburhp!@hi thertz ditbctidnoAwordingly,s angl e i s det erm ned
by conputing arcsin(a'/a). A preferred seale factor for use In conjunction

wth a hydr@g;}ﬁﬂi ggq}mgggmpéilr positioned at the water bottomis [err] 40
where (p) is the density of the eaﬁlézh-mw&ylmq atq)t he wat er’ s bottom (a)

Is the prOpagﬁt ”.Eé’ ecLsOaCsl t;)(.f |c‘3|r§ eu%gewg\éﬁ?ngtﬂé&ﬁheQ% n WktidedInoreANd
h i

[err]andlers st Qlufoea {2 2Bbewathd vedior botiom 12.

conf i gur at i {§ % .}2 W 51 d bk Bbvd e @ESHoblonth 3. RorldibodeR ¥EN-

tion. and ORfid |sg§ Qﬂhgﬁgﬂmﬂdv& Vahydh'ihe directioh BRh S &dsBAafidthe z-axis

i ncl udes st rﬁ;{,n fq;eytg(fsal ning pressure-representative and

particl gsve Oﬁbrwﬁvsﬁaﬁ@%ﬂﬁﬁ ifsiritRn $4004\6hben 10 08 Stwate£sbttbi 12 THk Wit 00 dsptciOgingl e

pa|r 45 2 d)ﬁhm%a&éz&&ahmhtwemaefsﬁwmomnd/or vel ocity signal as
SV' bed abow@iahdipréssirp wanltiadslingi the -sdiregior i tiefsolly-canibeexpiessefbement 96 suns

_t he scal ed pressure and vel ocity signal=&t+f/dcussed above in conjunction

step 46 (E;,mgrag),gar,se;ﬁgg,em&mﬁ&hgwther i ncl udes el enent 98 for
det erm nbng aiflddifCh brédshidd wad thRling Mithel 12 QAirdtionasthel bsiid mayISsseRpreibdnee | N
conjunction with steps 50 and 52. Thap, eat-em) on factor Is nultiplied, In

accord with t over the data
flow path |ndlhggé@?q%nnecﬁ?’%ﬁwﬁf&%ﬁg@, r“ele Mzg;ﬁ%\g@n 50 88 further

i ncl udes el enent 100 for determ ning & @pab (e+ z@g) or in the manner discussed
above Irf"’cor]h unction with step 48, above. An apparatus constructed in
accord witht “’ésﬂ're 14 and operating, agwg{,gl) g&, the method of Figure 2 can
be Inplenented in sEem al purpose sin 'rg.:pr}serrentgtl on gfp gues
conventi onal e frodheforegoing, the '#%P’&B‘P necessalk indevelap the respansas of dgfectors v-

i mpl emeny, eddrertorp/gsartopeai o vestirely Rin ﬂt‘%qwﬁﬁst?ieprocessor havi ng conven- 55
tional seishréhegd é“%ﬁ"ﬂ@@ggh Rpters P e tools. One preferred package of
software tools is commercially avail- able fromthe assignee hereof under
the mark "TIPEX. " A further understandi ng of the invention and, nore
particularly, the aforenentioned scale factor, may be attained by reference
to the dsscussion which follows. 6 EP 0 414 344 Bl Rel ati onshi p Between
Upward and Downward Travelling Pressure and Particle Velocity Waves



A order to understand the relationship between upward and downward

travel ing pressure and particle ve- locity fields, it Is helpful to focus
on a very small cube of matter 60, ERPYAIMBI N Figure 3. 5 In this
figure, the ray marked [err] indicates the stress (pressure) acting in the
outward direction fromthe cube 60 and in the direction of the z-axis 62.
As shown, the net forkg opEitatizf@)dn the cube in the +z direction may be
expressed as follows [err] [err] 10 The nmass of the cube 60 nay be
-expressed as [err] whegre_p n | of the cube Wile, the

accel ergtion of the cﬁbe |%i;%é%§tg§|?ec ion may be expressed as 15

[err] Since [err] then 20 (Eq. 1-2] [err] As
used herein, conpresspn.is(Eex@LIsed as a positive pressure pul se,
accordingly [err] since [err] causes a rarefaction; where p is a scalar

val ue. Likewi se, with respect to a geophone sitting upright on the xy plane
of Figuﬂe 3, as used h reiﬁ(b/mdéKtFVQ/QB)velocity pul se will be expressed
as a "bunp” in the -z direction. Accordingly, v [err] Substituting this
into the abhove, err] 30 Figure 4 depicts a S|an|f|ed physi cal nodel
of the envifPtA%EHE '™ which the invention is practiced. More particularly,
t he |IIustrat|on shows { he 66,, ter 10 and solid earth naterial 26
bel ow t fe water bottoful2? iiﬁf( | geophone pair 22 Is shown in the

wat er at a point above the water botton112 For purposes of the |mediate
di sgussion, it is assymed_t l. VAary in the direction of the
x-aXLg 64 and the z-agvs 62bﬂ£u? 2§§t¥@¥%%e)glrectlon of the y-axis. 35

For conygnience, in the illustration z=0 is shown tdBSe d3dater bottom 12.
The water 10 depth ispequal s{@ (Hk'3dnd the detector 22 |Is [err] meters
above the water botto A pl ane pressure wave traveling in the -z direction
in the solid can be expressed as Pu = [err](t + (z/a)) where 8(t)
represents the Dirac dgl'ta fOhegicONs(46(z/a" ) )i kewi se, a pressure wave
traveling In the +z direction in the solid nay be expressed as Pd = 8(t -
(z/a)) Using [Eq. 1-1] to determ ne the corres ondlngnparticle vel ocity

pl ane wavesPstestor RegggnsestoReflectuons at Arbitrary MhtAbove ter Bott: [er r] Likew se,

[err] So, fromthe foregm ng the r th H ne(‘:‘ess ry Lo g%/el op the
responses of Q¥rticaliraveling refl “‘8"""3"5" nt g‘a %"E Joy8 3 SRR eT
vertlcaP?y propagati ng waves are: 50 P £8 solid material 26 at the

wat er' s bot t oifis Biplieg that t=p c@s:@nds}qthgmgftavglhe yq rrives at the water-bottom 12, i.e., at z=0
' Of course, a portion of the pressure wave will be re back in the -z direction. Therefore,

ps = R3(t- (Zlu))

35 where R’ = (p'a’-pa)/(p’a'+pa)
and is defined as the normal incidence reflection coefficient
Lo At the instant an mcldent wave strikes the water-bottom 12, the pressure field on the solid side of the sol-
\"’( id/water interface is
— P =Ppytps= (1+R)W
40 To avoid infinite acceleration of molecules at the solid/water interface, the pressure field on the water side
of the interface must equal that on the solid side, atthat instant of time. Accordingly, the amplitude of the trans-
mitted pressure wave in the water is equal to 1+R'.
Therefore,
p = (1+R)B(t+(z/o))
% Py = Ta(t + (z/w))
where T is the normal incidence transmission coefficient and equals 1+R’
From [Eq. 1-3], the corresponding particle velocity wave is
= (1p'a’)T(t + (Za'))
50 Since the detectors 22 are located at an arbitrary distance zqy meters above the water-bottom, these waves
will arrive at the detectors 22 at t = (zs/a') seconds. The outputs of the pressure and velocity detectors can,
accordingly, be expressed as

p(t) = T8(t-(z4/a'))

5 [Eq. 2-1]

v(t)

(T/p'a’ )S(t—(zd/a'))



[ért] perr] [Eq. 1-2] [err] 10 [err] For the water 10: 15
[err] [err] (EBEg. 1-3] ='8(t-(z/a')) [err] 25 Detector Responses to

Refl ections at Arbitrary Hei ght AbdER0AMABEBBottom Avertically traveling
reflection wavefield in the solid 26 of Figure 4 can be represented as 30
[err] This i njad Rgpdddak) dosthofiile/iRe RLEMBhS QankdifRtidnRersRiNs of tREprIRE art velod§ Ue-at
the wat er - iR léy differdfices irftheiradponsbbhafdidFisiiBs to tePREJectVE fildls. THEIsPEFEtRE4 RS-
wave W Il Rgciorédneiaited dddséedibBow.ne -z direction. Therefore, [err](t -
(z/a)) 35 ReferrindfCIES. 2-B/fitwill be appreciatediit fof Hverticaipariving cbfléctiorimifsh schrassurs el
‘nor mal  isncivelodg eighahisean ptiade) thep@fativecimpRiidedbre fditedionly bythé acaustic Impedheceof iva water
strikes t hepwpasd, withdoine tualificatiéri) theqprtes ehserationsedreltrarindehenderd bfi tik wive ef 20f t he
sol - i d/ wat er Returhieg fodiigerei 45 aPupwafdaravdling-présbure wRyeO{lll jontirie until it effoguriers the air'water

i nfinite addwiace te.i haintsffacedietnoen the water 101aad the pir 89)-Tdisdnterfape Ras B eflactiop pesfficient
pressure f iegtalitooh Apderdinglythe pressuie wape i rflected downprard dn i potirelyaRd jts 3igds chgppediie.
“'sol'i d sittde fromta comeression sulsaie a srefadionpulsic cor di ngl y, the anplitude of the
trans- nittedThsreiass thednitighdaunyvardly fravelling componentah ihy prepsyrowaye campgrqpmsgijted by the, | |
= (1 + R)®eatan (7/3')) [err] = T8(t _+ z/a%% where T is the nornal :
i nci dence transni ssion coeffici ent™afid B§o4fE A*®R From [Eq. 1-3], the
cor r espondiang, frpmiBai t8letheydoivowdrdlytraneling cprapopent ofthe vélagityywayp Ty be repregentegby the eya-
Since tfht detectors 22 are located at an arbitrary distance [err] meters
above the water-bottom these waves™WIPPI¥r (RdD/gY) t he detectors 22 at t =
([ekr]) secnaddsvavebiwill shikeetbctore2 dthe pressure and vel ocity detectors can,
accordi ngly, be expressed as p(t) = T8ft@{{=m¥Ya'])) 55 [Eq 2-1] v(t) =
[err] 8z Acborfingylthest/bhniid cN@b 8dde BYEC. B4] to frodce tHeREtpuitat t ake into account
t he transduction constants of the pressure and velocity de- tectors, nor
any differences in their response characteristics to their respective
fields. The useppt)tnesa(&.r(&gsu'wcra'(m-(qaﬂsrz n8*) ¥ di scussed bel ow.
Referring to [Eq. 2-1], it wll be appreciated that for apggrtikcahly
arrivingsreflection pulse, the pressure and 5 velocity signals are in
phase; their relative anplitudes are related only by the acoustic inpedance
of the water (pvat);=anmsewi'DIs(sot®, mai+HTeat &bhs (tHdPE-Byd /8bstr vat i ons
are true independent of the value of z. Returning to Figure 4, an upward

traveli ng pressure wave will continue until it encau %er sﬁﬁ@he a]il r/ wat er ¢
i nt er faé (‘1"‘.’%: lFﬂ#r?é’GP’ﬂiﬂ@'fif?&%}St?é? '\Rsé'éiﬂa'f'ﬂ’@’%‘faé?' ing gnd goynyardy-Iavplingsompoperte;
Interfate mjg‘ﬂ%ﬁ:m?rggzﬁ ing‘(;gglsfxfrgaa(‘fﬁi %]tt)city waves continue until they again encounter the water-bot-
S tom interface 12, which is represented by the reflection coefficient
R = (pa- p'a’)(po. + p'a’)
Accordingly, the reflected pressure wave becomes
Py = - RTa(t+ ((2d + z)/a’))

T and from [Eq. 1-3]
W,

_ v, = - (RTip'a’)(t + ((2d + 2)/a’))
40  These waves encounter detectors 22 at time
t = (2d + zy)lo’
[Eg. 2-2] can be updated to include these new signals, i.e., to represent the initial upwardly-travelling and
downwardly-travelling components as well as the subsequent upwardly-travelling wave, as follows:
p p(t) = Ta(t- (za/a’)) - T3(t - ((2d - zgl/))
' - RT8(t - ((2d + zg)/a’))
v(t) = (Tip'a’)3(t - (zgfer'))
+ (Tlp'a)3(t - ((2d - zg)/et'))
- (RT/p'a)3(t - ((2d + zg)/at’))
50 The above process continues ad infinitum, and the signals p(t) and v(t) can be illustrated in Figure 5.
Referving to Figure 5, it is evident that if the detectors 22 are disposed at a position above the water bottom,
i.e., zg<d, v(t) can be scaled by p'a’ and added to p(t) to yield the sum signal, s(t) as follows
st) = p) + p'a’'v()
s(f) = 2T3(t - (zo/a") - 2RTS(t - ((2d - zy)/ax))
55 + 2R2Ta(t - ((4d - zg)la)) - ...
Comparing this to p(t), itis evident that all downwardly propagating components of the reverberations have
been eliminated. While, the upward propagating components remain.



“edqual ¥o -1. Accordingly, the pressure wave is reflected downward, inits
‘entirety, and its sign i's changed, i.e. 10 froma conpression pulse to a
rarefaction pul se. Therefore, the iErad1aBsaadmnwardly travelling conponent
of the pressure wave can be represented by the equation [err] and, from
[Eq. 1-3], thes decsritigh Tedh thétaWiatide! phidpdeglapdiennés tiiafypk BépictliniGdure/t &8 Kshstratibabe
‘represent e6h daord Wik offéipteterreli pratiice agtiipeawéimo RS theAuBstory'd dre é@ﬁimam BEWRGS 22
at- [err] 2@ouvat edntBlimigéty dovinlv@a trévefifidomporidhits lBEcoRdlelE Fbvdrberdtiosk If tHe drbssine fynctgiuce
t he out put s adfdditd the Yeldcty fuhctipi;vher tha Jate? s sudldd)by pf.err] 30 where, [Eq. 2-2]
represeats responses to the initial upwardly-travelling and
downwar dl y DetectoreRekpongps tcoiReflectiematshedfatdr Bettamy essure and particle velocity
waves. The downward-traveling pressure and velocity waves continue until
t hey agai n erittbedetestors 2-argigdisnosediadthe watghhottom 42.fl.e.ca 252, thepreesirejand pastislecvlotityed
by the ref Weasistamadified-fap ghownin Riguze § Ppon substitytion of g camesgonding Glues\plodheiripigup,
‘the ref Peceaflip¥ieldéyre wave becones [err] = - RI8(t + ((2d + z)[err])) and
from[Eq. 1-3] vu= - (RT/p'a' )8t =+p<£)czat(!ﬂ *z'}’ﬂh"}é"“hO These waves encount er
detectors 2&dat time t = (2d + zd)/a' [Eq. 2-2] can be updated to include
t hese new signals, ie., to repres®rm T k(1KY -AN¥pwar dl y-travel | i ng and
downwar dl y- t riqeré: it slsBéh thed SRV terations\UBe o tidTeflefiRn WalRfRE Botleigoing and downgoing, are -
upwar dl Y-t lefwigdtéd. AGveke)ifie soals facl foloNt K, mkst be sxprbsted asfolblver r])) - T8(t - ((2d
- zd)/a')) - RT8(t - ((2d + [err]) K ¥pX(1=R/-®Rr' )8(t - ([err] )) +
(Tpta')8(t - ((2d - [err]) Ke* ph'(pa { REApaap 3Pt +p'of {Rckptaf err])/a')) 50
The ove process continues ad infinituf=pgnd the signals p(t) and v(t) can
be i1l ugtrat eglndeRk dbpedél o the-acdisiicihpediite bitheWatbrlbdttom mateial, syt sbhstiuciedAlacdord
t he det ect Qith thd vaiten Rt BEHEREH Kb béla PaEDIS treih sdlay \Gfealtd\urvd bis, 2R bbby fdr efich,
[err]<d, v(écpiveruioupaithicabiebylap' @' and added to p(t) to yield the sum
signal, s(t) Bmstead, (paiycvers(used to sqaletvy), thep' a' vt) s(t) = 2T8(t - ([err] )) -
2RT8(t - ((2d - zd)/a')) 55 s(t) = 2T5(t) - 2RTa(t - (2d/e’)) + 2R2T8(t -
((4d - 2d)/a')) - Conparing this to+pREFY- @de)s...evident that all downwardly
propagati ng coyRene ResticAto [Eh -3 GMeLREr ati ons have been elimnated. Wile,
t he upward propagati ng conponents remain. 9 EP O 414 344 B1 It is,
accor di ngl \calilstienMétieds a mari ne prospecting systemof the type depicted in
Figure 1 and constructed in accord with one preferred practice of the -
‘inventi &h, whegwee 1 depictetpetdned pro@@siny seqysocs foridetamdhingltimaordnivationed wale actoodetenim
can el i m nairdstidadiyandcstatisticallyrla the ilustrationc steps GA.0'A ard Tfindivele@rdegitionftedataniioe the sesles
if the predastorbydngorbpihmethods. Whitdhe determiniatic methest whish réquinesithegpundingiendamepsyeenient er
‘i's scal ed I#ftransducer respasivenesspis PRERTPD the statistieal methedhesqdon raties of fhe PrpgauEerangpAricem

' velocity autocorrelations and crosscorrelations can also be used. Those skilled in the art will appreciate, of

“course, that both methods can be used in combination.

kv’ According to the statistical method 72, a marine seismic reflection system constructed in accord with the
A invention computes the autocorrelation of the pressure at a selected lag; see step 76. The system also com-
\_/ putes the autocorrelation of the velocity at a selected lag; see step 77. Alternatively, the system computes the

crosscorrelation of the pressure and particle velocity at a selected lag to wit, the two-way travel time of the
seismic wave in the water column; see step 78. Preferably, the lags for the computations of steps 76 and 77
are zero. However, the lags for this combination can also be equal to the two-way travel time of the seismic
wave between the sensor 22 and the water surface. In step 80, the system preferably divides the pressure
autocorrelation by the velocity autocorrelation or, alternatively, the system divides the pressure autocorrelation
by the pressure-velocity crosscorrelation.
In the discussion which follows, it is assumed that the velocity signal has been multiplied by the factor
(Gp/Gy)(p'ar’)
Mathematically, the autocorrelation/crosscorrelation ratio is expressed as follow.
Gpp(E2dia’) = TH - (1 + R) - R(1 + R)2- R¥(1 + R} - ...}
50 @p(2d/a’) =T2{(1- R)+ R(1-R?) +R3¥(1-R?) +..}
Therefore
- Opd2d/) . 1+R)+R(+RPR+R¥(1+RP+...
D (2d/at’) (1-R+RUI-R)+R3(1-RY+...
= 1+2R+2R2+ 2R+ 2R* + ...
i 1~-R+R-R3+R0...
= 1+2R+2R2..
1
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If the,detectors 22 are di sposed at the water bottom 12, i.e., at [err]=0,
"the pressure and particle velocity waves are nodified. as shown In Figure
6. Upon substitution of the corresERAIAARY ues into the prior sum 10
equation yields s(t) = p(t) +p a ((1+ R/(I - R)v(t) and s(t) = T{1 +
((1 +R/(1 - R)}8(t) 15 Here, It it een that all the reverberations
due to the reflection wavel et, both upgoimgRand downgoing, are elininated.

However, tkmcﬁgg&d;,t{,%t‘.&(",gdg{:alyfg&gr,forvﬂ must be expressed as follows K =
pra (1 + R/ (Matﬁen@l&allﬁherdﬂo&tl{el%ﬁssé‘br@anaveld"cntPﬁxto‘coerlaﬁoﬂs/a{ﬁ% I?ﬁ idexprossed Btollbws.
p'a') Ks= pa 20 - Si ncep foydepgnda +xe £ R SRPVRIE $RlzWpgdance of the
‘water-bottom naterial, a sggOeaTR@RHt IRITE RYH 1R RGOIRJ2WLf h the invention

must consi derFotgmh hpgﬂgof %gét%bguesygﬁ;survey area to survey area, and
2

probably for each receive Ui%e " If, instead, (p'a')
were used to scale v(t), t (=t : = 2d/ a’ )) 25
+ [err]("t - (4d/a')) - whic s |1(1qg;h2qq; 2_§] With [err]=0.
Cal i bration Met hods 30 Fi gm‘e“ﬁ?‘WWrred processi ng

sequence for determ ning the aforenmendj@ned scal e factor deter-
‘mnistically and statlstlcally In the M TSIk ation, steps 70, 72 and 74

I ndicatg a deA)I SOl 1.0 ‘EE NS the scale factor by one or both nethods.
‘VWile the determ"llﬁ'yéf('so Jo t he soundi ng and neasurenent.
of transducer resg&r}gévoz%g%s I{"ﬁs‘ftﬂv%jf'é;'&%g:%@é %tﬁ‘%t ‘lﬂételgﬁtgéﬁgg%otdalgggqﬁg on
ratjos of t he" ipR to thevejeclly way

crogscorr eI%H’? vy HpveLfmesf ésﬂ%ﬂwav‘fﬁdg%waé c?"l"@H“‘Tyr?efﬁéesé?dtma\mefnlaﬂca"y as fol-

appreci at e M8t course, tha&;t R orrbl nati on.
According to the statisti c gé Qde ,ggrﬁ Rz;'n reflection system
constructed In accord W|th ven |on Jt es th ﬁt ocorrel ati on of

t he pressuFemifg the felloyiag fatiy) Iag see ste 76 The system al so coi n- putes
the autocorrelation of the YReERdD\. tgee step 77.

Al ternafvely, the system cSnt®s tﬁ1e @UR(%r@%sB@rr at1on of the pressure
and particle velocity at a sel ectelt two-way -travel tine of
the seismc wave In the water col erZR?B. Preferably, the lags for
‘the conputations of steps 76 and zeKbtRHOVWB)Per, the lags for this
conbi na%i.on can al so be equal to [Wo-way travel time of the seismc
wave betwedherefoie sensor 22 and the water surface. |n step 80, the system
preferably divides the pressure Kitlo@efR@r¥@n@2 s} t he vel ocity

aut ocor r el at i Adgeording to theldetenmiriisticasthad 74,aceisis trergy dounied &is Lided tqyemsatela ressure wave
~aut ocor r el at a pointdisposediirettiyabeye dedecatipn\oéthe eersyr 22 indbesealerr sob atep 8% The outpiuhef the

di scusskon pregsurdrnf partiabevelocity detpetorsf the sendori2 are theimeagerpdas a selectsil errivell of fha gesyftingn
mul ti pl i ed prepsurdwave;gee stap 8i.yratio ofihis meapurei] prassuse; signgl e the particle velocity signal is then used
‘aut.ocor r el &6 thgmforamentionest scele feptpioepesiep S | s ex$ressed as follow [err] 50

[e rﬁ Ther ef Olflgyre[ Ls,dpqlctf a ggfprfed[cg}ﬁpliratgg of elements 102 used for determining a scale factor in a system
Terdd [ err Jeonstyuctsd anghoppraterdn acgord BE“II'%'PY

In the configuration, statistical determiinatio (I‘: hant]led by elements 104-112 which are implemented
to carry out the processes described above in conjunction with 72 and 76-80 (Figure 7). More particularly, the
illustrated configuration 102 includes element 102 for routing data and controlling the other scale factor-de-
termining elements, e.g., elements 104-120. lllustrated element 104 selectively determines an autocorrelation
of the particle velocity signal. Element 106 selectively determines a crosscorrelation of the pressure and par-

4 ticle velocity signals, while element 108 selectively determines an autocorrelation of the pressure signal. The
output of the autocorrelation and crosscorrelation elements 104-108 is routed through multiplexor 110 which
selectively routes the appropriate values to element 112 for ratio calculations.

in the configuration, deterministic determinations are handled by elements 114 - 120 which are implement-
ed to carry out the processes described ahove In conjunction with steps 74 and 82-86 (Figure 7). More par-

so ticularly, the fllustrated apparatus 102 includes elements 114 and 1186 for identifying a selected arrival of the
pressure wave, as described above in conjunction with step 84 (Figure 7). The apparatus also includes element
120 for determining a ratio of the arrival-representative signal, as described above in conjunction with step 86
(Figure 7).
An apparatus constructed i in accord with Figure 15 and operating accordmg to the method of Figure 7 can
s5 be implemented in special purpose hardware using implementation techniques conventional to the art. Pre-
' ferably, however, such apparatus is implemented on a general purpose digital data processor having conven-
tional seismic data processing saftware tools. One preferred package of software tools is commercially avail-
able from the assignee hereof under the mark "TIPEX."

1"



which |s equal to the required scale factor for v(t). Mathematically, the
.ratio of the pressure and velocity autocorrelations at zero lag is
expressed as follows. [err] [err] FEBO#h3MBIe ratio of these two val ues
yields [err] 10 [err] [err] [err] [err] [err] 15 -
Accor di ngl wenekfal AfgiddtirdidaRe AmdlyskOl | ows: K = [err] Further, the ratio of the
pressure wave autocorrelration to the velocity wave autocorrelation at a | ag
-equal to the Figir-adapicts tha\siNirokireitof Bigure I th sSreanBénirequinetiiepdrmit drialysis\ef ttermopeodompiia
may be expefedsdase draplhavaréfectnlAyaredngfabihe whtavi®ttor? & angle-of-incidence y, from vertical. In this
[err] [ err hndsnbsequent figoms,frays imarkediththe lpiger Al(ar A, ptc.2 Benote p-waves, while those marked with
[err] [ err }he|letterf denete swa@®. Therefore K = [err] According to the

det er mi ni st i dn the tisevesionawhich follawsstiviee tyoescef Waterdhgtiontatarigisiwgll bg seferred i ag Mamnah Herd 5
pressure wandSofk The physicatpragpripsderdipselihres metefialnapd waterte ¢agtaingd iBRioWP 13-he sensor
22 I'n the watferthe Nermayatssbeltom, the, folloying yelpcity relationshiesepg¥essur e and particle
vel ocit¥ detectors of the sensor 22 af&~thaf hreasur ed ata selected arrival
of the resul tSing themhass velesity\efities aniying wevedenialong thexzaiis candl expessedAsasur ed
pressure signal to the particl eCvel«sind yBsinghale/svyt hen used as the

af orenent i gpgd scale factor; see step 86. Figure 15 depicts a preferred
-configupation of elements 102 used fordetermning a scale factor In a
system constructed and operated in |aktesrd miatd=ghe | nvention. 40 In the
configuration, statistical determ nat{dsisyyaFre handl ed by el enents 104-112
whi ch are inplenented to carry out thesprnsedsses descri bed above in
conjunction with 72 and 76-80 (Figure M<=¥bre particularly, the

11 ustrated o tnheithéxangkddr vhliés!fottiRSangibsertly, tahbeldaterniired tresaltingliat a and
controlling the other scale factor-de<4 gr<n 80°ng el enents, e.g., elenents
104-120. Illustrated el enent 104o0zel get=isielpa)e2@7M nes an aut ocorrel ati on
‘of the particle velocity signal.0EFegentsin'@Gesel688ti vel y determi nes a

.crosscorrel at l'J% tﬁfmethh@dégﬁrﬁﬁ;ﬁmit@iﬂ fhe RA¥sBishiR Wg@ésdﬂadlé‘ﬂ&rpﬁ.hﬁs)hisﬁb vt AStenuadionl €
el ement ZLOGusshvAin] 1665)Mo WRLIEGRIeRG a3 Be MddeIGratrthel dtall9 Boelt aridivecktidRpiadsment po-

si gnal . Theerfal fidiiondEanlbh Qerkbl 2GOILt0A © te@lasiiWivEsqatA,GUbjE @ theboundhry Bnditiens
104- 108 i s ihpusbdsy the hcteih Figutk B Hidnethede pbibbtialuhdtibnss thb pressureainy partiale velocitylvaves
appropri at avhichwil@giké deteztors@2rebin Helddtefminedr at i'o cal cul ations. In the

conf i gur at i onysirg¥hitestinsthat, ihe folthaing lexriresaibis@resbtained fortheciiresaure)yaves andwperticle velpgity
120 whi &h avagesi (imtheeairedtion)dthe waterar ry out the processes descri bed above In
conjunction with steps 74 and 82-86 (Figure 7). Mre par- 50 ticularly,
the illustrated apparatﬂaa2192(ém1mgléﬁer(eﬂ?§) 114 and 116 for identifying
a selected arrival of the pressure wave, as described ghgyeslgjconjunction
with stgp 84 (Figure 7)., The appaJa | so, inclides sal 20 for
deternmining a rati§ of £He e Pg?i{]-'rcgér)g egfﬁﬁ}v%) é‘? 91255?%;:“8»1: escri bed
abave in conjunction with step 86 (Figure 7). An apparatus constructed in

‘accerd vvithhlg'ie%u;%i %éceq,'gg{ ggﬁ[aﬁ;"hﬁgdeaccor ding to t_he et hod of Fi gure 7 can
55 be i rrpvr enent earrn spé’m al p FQ‘QS,_emRﬁ&:Qi\LVW@»'AJSI ng i npl ementation

techni ques conventional to the art. Preq Jggably, however, such apparatus
is inplemented on a general purpose dig@ktasingata processor having conven-
tional selSm &l RedGSin of e ScdofB Gz imd HE bl €leleifls PaCkage of

sof tware t ool 878 CONTer ¢l 4l y avally - 2g1,ﬂo,m,,t e assi gnee hereof under

t he mar I1<15 "TI PEX. " v = wz((1la'2)-(1Ic2))A1'e‘("*' m'z,)

Recalling that
v = w{(1/a'?) - (1/c?))*
Substituting
50 = a'fsiny,’
into the above expression, the following are obtained

§5
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11 EP 0 414 344 Bl Ceneral Angle-of-Incidence Analysis Figure 8 depicts
‘the environnment of Figure 4 1n a manner required to permt analysis of the
nore conpli- cated case of a p-wavEER®EHR3ABIon [err] arriving at the

wat er - bot t om at angl e-of -incidence [err] fromvertical. In this 5 and
subsequent figures, rays marked with the letter A (or [err], etc.) denote
.p- waves, Wmlethoemarke Wit h t ote s-waves. In the

di scussi on which fadll owd, “ %weelut@pgghgé g\é/a?gr d?gttom materials will be
referred to as Normal, Hard and Soft. The physical properties for these
three materials (and wat er) are contained in Figure 13igdor3izje Normal
Water-bottom the follow ng velocity relationships apply: 10

a>= a'>= [err] Since the phase vel ocrty of the arriving wave-front al ong
‘the x-axis can be eXpredsdde By Per efet ebzat 1MEASYE'err] [err] [err] 20
In like manner, the ranges of val Ees for the angl es [err] and [err] can be

det er mi ffed, resultrn err err err scrr
Wiite.in the ¥ @? Pég’\‘) &" F’fp@sm ﬁ???%'{'%ﬁgsgﬁ% y. (N ?’]c n
25 (MG aw Pﬁ‘?"l"ep'ﬁ%‘ jons %tﬁfﬂ" 7%’? e nade for further details,
scal ar and vector displacenent po- tent Zd °1p hctr ons can be derived as

sol utiops to Thewtherefaescoresprigdo the irahariypls ofp(ihind vl f oW boundary conditions
‘1 nposed by tHéW'HBﬂ%HP’QB‘Fteﬁ“Q‘d'FW@“#FW fshese oteptial functions, the
pressure and particle velocity WS BTl $‘1 %rr ke detectors 22 can be
det er mi ned whids comgspphdsite e ratie pHbelampitwdesfafthe e artvals:tpirigueesd. Shesadditienabiosing facter

f or \Lhe pr aseountefopthe dictivitrloftherveloeitydetoadroci ty waves (in the-z direction) In
the wat g [ erThe ekqrepsiogrelpling pbin the wateefodhe ipgident prespiiraswAva B 8nent  pot ent i al

anplitude 40 [err] [err] [err] Substituting
the |l ocation of the de%e%or__sxzz (x=0, z=[err]) into the above expressions,
[err] 45 T [err] Recallrng that [err]
‘Substituting 50 (Eq. 3-4 [err] into the

‘above efpression, the followi ng are obtained 55 12

Kp = (2(p'c*)/pB*) ((c?/a?) -1) %A/ (A+B+C)

gg Where
A = (p'ctlpp4)((c¥a?) - 1)*
B = ((c¥a?)- 1)%((c¥p?) - 2)2
= 4((c¥a?) - 1)%((cHo?) - 1)4((cp?) - 1)*
_ _For normal incidence (c—wo), this expression reduces to the transmission coefficient T descnbed above.
. 3% For the Hard water-bottom, the following velocity relationships apply:
a>= g>= o

For
Icl >= g>= B>= o

4« the ranges of angles for the various reflected and refracted waves can be calculated. The results are
0<=y, <= 90°
0<= y, <= sini(p/a) = 33.8°
0<= y/ <= sinY(a/a) = 19.5°
and the expressions of [Eq. 3-1}-[Eq. 3-4] also apply to the Hard water-bottom case.

45 The velocity relationships for the Soft water-bottom case are
' a'>= a>
and for
lel>= a'>=a>=8

so all the preceding expressions also apply.
The ranges of the angles for this condition are:
0<= y, <= sin'(a/a) = 53.1°
0 <= y, <= sin-'(pla’) = 13.9°
0 <= g <= sinY(a'/o’) = 90°
55 At this point, expressions for p(t) and v(t) corresponding to those of [Eq. 2-1] can be written as follows.
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BP O .414 344 Bl [err] 5
[Eq. 3-2] [err] 10 The scatar potential function yielding these expressions
for p' and v indicates that they arEP ¢414844B1cy- donmi n representati ons of
-Dirac delta functions occurring at tine [err] They therefore correspond to
the first arrivals of p(t) and v(t) of Figure 5. 15 It will be
appreci ated that the(triat4 &K,di(tw'(zgnd® peoss {err][Eq. 3 - 3] which
corresponds to the ratio of the arrplltudespof the firggqargi¥gls in Fi gure
‘5. The additional cosine factor accounts for the di rectrvrty of the
vel ocity detector. 2EF) = (MpRes¥enressi b b eizgihd 39S Vpn 't he water to the
‘incident pressure wave p Is [err] [Eq. 3-4] 25 [err] 30 where [err] [err]
[err] For normal Incidence ([err]), this expression reduces to the
transmi ssi on c¥bdreKeip aivan inlEg4r i bed above. For the Hard
wat er - bot t om In thednode)| angipwverd-pipesastingt 'eF'&“:XFYQ)'Pﬁ HP??S"‘%[P%‘I“?/"" arg 32 gt g7-z4 98 j8)
40 the™ ag 8%""8f° s&@ﬁ@?"’f”ﬂ‘?’ "E*Ffé"c%' 'F()“d’gp‘?t%#'T‘ Elgyre 8 whes appd e R thean
be cal cul a Eﬂ \r,% S
[Ee 311 4 e SRS D B b i o cbo e KEE 5B B,
velocity r 'f tionships for the Soft wa er-bRttom case are [err] and for
ferr] 5 all. the preceding expressrons also apply The ranges of the
angl es ftor aphi s condition are: [err]z l W At this point,
expressions for p(t) and v(t) Eof PEsPHeA ol ,mc g '@t [Eq 2-11 can be
witten as follows. 13  Bp 04{% 414" ;3 d’e B] [err] where KT is
-grvrggrn[Eq 3-4] =eolc »
20 : c = o'fsinyy’
Substituting the position of our detectors (0143}, and c=a'/siny;’ into the above expressions,
25 p’' = p-mzAl-eiw(t+(Cd/a')cosYp')
[Eq. 3-6)
v' = (COSYP‘/G' )szlveim(t+(Cd/a' )COSYP')

It will be noted that the first term of p’ and v’ each represent a wave traveling in the - direction (upward)
. g5 and the second term a wave traveling in the +{ direction (downward). It will aiso be noted that they are again
' frequency domain representations of Dirac delta functions.

The total time delay between the arrival of the above waves at our detectors is

\/ | At = (2L4/o)cosy,’
o To relate this to the coordinate system of Figure 8, note that
40 {=z+d
Therefore
Ca = -Zg+d

and substituting above,
45 At = (2d - 2z4/a')cosy,’
This represents the delay time between the arrival of the reflection of [Eq. 3-5] and the water surface ghost.
Therefore, adding the time-domain representation of the downward-propagating components of [Eq. 3-6] to
[Eq. 3-5] we obtain

&5
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1]

I'h thesnodel, an upward-propagating reflection wave has encountered the
detectors 22 at [err] and is 10 preparing to strike the air/water
interface. This is depicted in Figeresdssdadie, it will be noted, the origin
of the coordinate system has been shifted to the surface of the water.
~Solving the el astic wave equation subject to the boundary conditions

i nmposed by this nodglyy it oppd g 4erR] 5 and [err] [err] [err]
[err] 20 qﬁt) KIT%(E tjﬂd/& %S[Y% ) . .[err] Substituting the
‘position of our detector&fErk{Fdamgd {93 the above expressions, 25
[err] [err] [Eg. 3-6] 30 [err] [err] It #d] Penoted that
the first termof R',.and v, each (epre ve,traveling in the -[err]

di rection (upward) ‘é(Sta’ ei'no( 855902&3 t%gagt‘r’-ffgzgzge)??g\’/wli ng In the +[err]
~direction (downward). |t+ (\Aﬁgdosabsép b’ Jédtted (tZHazdﬂHey)aoeY@g)ai n frequency
domai n representations of rac delta functions. The total tinme del ay -
bet ween®”t he arrival of the above waves at our detectors is [err] To relate

. ]
this to the cTaemnwsrf’@rogggﬂf@maxﬁ'sw R gtogtrike B¢ watgrbgifomgyd to be partially reflected back

= z+d Ther é’l‘“’d’?"é’“‘!"é?ef’ s "l"ggﬁﬁ“?"(ﬂ' Hawreihye 45
[err] This rdfre ving dhe glaptinvays sauatBR veen the aprjval of the reflection
of [Eq. _3-5] and the water surf acB®gh " Th ‘g%ree, addi ng the tinme-donain
: e = “o2(1/a'?) - (1/c
represeﬁt ation of the dommrd-prggﬁa%@?+ J - F‘E’Q@nts of [Eq. 3-6] to [Eg.
3-5] we obtain 50 55 14  EP041434%B1 ["grr] ert] 5
[ Eq: 3-7] [ulstitutinoderthe ppgjtionebthedriatiss4?- pr opagati ng wave |I's now ready to
strike the water-bottomand to be partially reflected back toward our
detect ogs. This nodel is shown I.n(Ei gur; ,1)0. Onc,es agai n, solving the
el astic wave equat Pon= [eryjd,1gr@tt-t2a/« JCOSYp
[err] Substituting for the'@mli'teiielﬁtmizahe'm&em'drs 22
| - [Eq. 3-8)
25 v' = (—cosYp'/a.')szz'ei“‘(t'(zd/“')COSYP')
+(COSYP'/¢' )ﬁ,z}\1 relw(t+(zg/a’)cosyy”)

[err]

Here, the first term of p’ and v’ each represents the upward-propagating wave and the second term the
downward. The time delay between the arrival of the two waves at our detectors is
' At = (2z4o')cosyy’

30

| Updating p(t) and v_(t) in [Eq. 3-7] yields

35
L p(t) = KTG(t-(zd/a )cosYp')
N
o —KTG(t—((Zd-zd)/a‘)cosyp')

40 —KRKTé(t—((2d+zd)/a')cosyp')+ ...

(Fa. 3-9)
v(t) = (KTCOSYP_/p a )S(t—(zd/a')cosYp')

o .
+(KTC°SYP /p'a )S(t—((ZG—zd)/u )cosYp )
_(KRKTCOSYP‘/p'a')6(t-((2d+zd')/a')cosyp')

50 + .

where
Kr = AZIAY
55 The value of Kr depends upon the water-bottom material and the angle of incidence as follows:
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L3

200 - ¢ ' [err] [err] [Eq. 3-81 25 [err] [err] Here, the
first termof p' and v' each represents the upward-propagati ng wave and t he
.second termthe 30 downward. The tEPM#14044B1 bet ween the arrival of the two
-waves at our detectors Is [err] Updating p(t) and v(t) in [Eq. 3-7] yields
35 [err] [ Qiofda Whtedetkithh S0 where KR = 55 The val ue of KR depends upon
the water-pottommatertal and the angle of incidence as follows: 15
:EP0414344BEodNed doRditiodat er - Bott om For the condition [err] where [err] [err] .
[Eq. 3-10] [err] 15 where [err] [erfel>Earsd o28=gor [err] 25 [err] [Eq.
3-11] [err ere 35 [err] [err]

[err] Hard V@ier-Bottom 40 For theGand fhah, ] er@hmher r]

0 <= vy’

<= sin i (a'/ = 61.9°
10 P («/a)

{Eq. 3-10)

KR = (-A+B+C)/(A+B+C)

15

where
i A = (p'cYppA)((cla?) - 1)*%
] ' = ((c¥a?) - 1)%((c?p?) - 2)?
C = 4((c¥a'?) - 1)%((c?a?) - 1)%((c¥p?) - 1)*

20
For
a >= |lc| >=a" >=18
25
61.9° «= ap' <= 90°
[Eq. 3-11]
% 'KR = (-A+B)sgnw+iC/(A+B)sgnw+iC
where
35 A = (p'ctpp*)(1 - (c¥a?))*
B = 4((cHu'?) - 1)%(1 - (cHaA))*((cHp?) - 1)%
: = (o) - 1VA((c2I82) - 2)2
Nt C = ((c¥a?) - 1)*((c?¥p?) - 2)
o~/ Hard Water-Bottom
0 ;
For the condition
lel >= a>=p> = o
0<= y/ <= sin(a/a) = 19.5°
Kg is given by [Eq. 3-10]
4  For :
a>= lcl>=p>= o
19.5° <=y, <= sin-'(a/B) = 36.9°
KRg is given by [Eq. 3-11] :
50 For

56
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Low

[err] 4s given by [Eq. 3-10] 45  For [err] [err] KR I's given by [Eq. 3- 11]
‘For 50 55 EPO 414 344 B1 [err] [err] [Eq. 3-12] 10 KR
= A+i (-B+Q) /- A+i (-B+C) where [err] EPD414344B1

[err] [err] Soft Water-Bottom 20 For the condition [err] [err] [err] is .
given by [Eq. 3-10] ‘Referring back to the expressions for p(t) and v(t) in
[Eq. 3-9] and conparieng=t Beart dcFi yure 5, those skilled 25 In the art will
readily appreciate how to nodify the signals of Figure 5 to account for
non-vertical incidence. An IIIus.trat N so nodified is shown in Figure 11.
In that sfigure, it caf o $&eh Jt;(g cancel all downward- propagatlng
~waves, Vv(t) nust be scal ed by fterr] ) and added to p(t). 30

[err] [Eq. 3-131 35 [err] [err] [err] 40 Assumi ng, ppge agaen, that the-
detectors 22 are placed at the water-bottom ([err]), the signals of Figure
11 are nodified as shown In Figure 12. Here, it is also seen that all

wat er - c# uim rever beriy i orfsy inyB+H) /elAirid -BmE2 ed t hrough proper choice of a
scale factor. Mre particularly, this can be acconplished if v(t) is scaled
as 45 shown below and add it to p(t). [err] 50 [Eq. 3-141 [err] As above,

the scale &Por required for v( ). refl ection coefficient of
the water-bottom and, 17 &‘\’?5&%{3 “bﬁ/as * C L M

S * therefore, its acoustic rg) , ﬁ)fz gterm n| ng that scale
? P(iae: a’*&f AR L e

factor are di scussed i n detai

.  Soft Water-Bottom
N\
‘20  For the condition
|c| >=gl>= g >= [3
0<=y' <= 90°
K is given by [Eq. 3-10]
Referring back to the expressions for p(f) and v(t) in [Eq. 3-9] and comparing them to Figure 5, those skilled
"% jn the art will readily appreciate how to modify the signals of Figure 5 to account for non-vertical incidence.
An illustration so modified is shown in Figure 11. In that figure, it can be seen that to cancel all downward-
propagating waves, v(f) must be scaled by (p'a'/cosy,’) and added to p(t).
30 s(t) = p(t)+(p'u'/cosyp')v(t)
(Eq. 3-13]
35 )
S s(t) = ZKTa(t—(zd/a )cosyp )
st -2KpKp8(t-((2d+24) /a’ )cosy, ")
\ 2 - 4 L] . -
o +2Kp?Kp8(t-((4d+z4) /o’ )cosy, ")
40 .

Assuming, once again, that the detectors 22 are placed at the water-bottom (z4=0), the signals of Figure
11 are modified as shown in Figure 12. Here, itis also seen that ail water-column reverberations may be elim-
inated through proper choice of a scale factor. More particularly, this can be accomplished if v(t) is scaled as

4 shown below and add it to p(t).

. s(t) = p(t_)+(p-a'/cosyp')((1+KR)/(1—KR))V(1-,)
[Eq. 3-14]

o5 s(t) = Kp{l+(@Q+KQ/Q-K)}8(t)

As above, the scale factor required for v(t) involves the reflection coefficient of the water-bottom, and,
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5°1. A‘seismic reflection method of geophysi cal prospectl
covered areas, conprising the steps of: A generating a's Mﬂﬂ ﬁ’mcﬂ "’
reflection fromearth strat a; B. deERe4M3gBMmter pressure

position in the water resulting fromsaid seisnc wave and gen- erat| ng R
si gnal . r eproesétst, ik adcBstlcifife@stce. Mbthods for determiffing thif b felrAchi ard@isGiissed G dofdh bvovall 2 .
posi tion substanti al | y near said first position resulting fromsaid seismc
wave and generating a signal representative thereof; characterized by D
gener ati ng aasimenhanced seismc reflection signal by multiplying at | east
-one of said water pressure- representative signal and the water

vel oci ty- r elpr éseinmia tefleatiosmefhall of gepphysicat prospeéting inovateci@parexiapeds, coppising the steps of:
acoustical i npedaprssating a spismidyavefocrefidctindtogieattinsteale; sai d sei smi ¢ wave _
travel s, and byB giQWg]gatg@ressure at a first posilion; in ecwhten reswlling from said seismic wave and gen-
vel oci ty-repr estfinaepiges wagsapiEtieihgRobssur e- represent ati ve signals, said
enhance® sei sm ¢ dptesting pateryplocity gtﬁzRPs“lS'éF‘I‘P@ta%‘lﬂ'Hg'P%{ﬁ?‘F %!P'ipg"‘f"ﬂ@?é“‘ frgmn spig.gpigmic

downwar dl y- pr o af"i' nergl BH'EW! ?p'ﬁ?ent"%‘(?é'? sel sm c vvave

within the vvat enerati %a a‘(PV Igip I ng RIBfiSire-
detector and a V%’F"&? c 3198 ‘gj ”’° '%Esig ::' sca'° ac &d 2ittupon
hear th bOttO ve n é’#k iﬁ%géﬁlg %I:EJL %\éﬁn d

wat er veﬁ oci ty

net hod accordi n,g f i seis , t e su s ante |r%Tcom Tamea th
material at the ottomof t he water 4 A met hod according to claim 3,
whe n saiad gawettion gecoiddp to(da)m t,nmbmmles:re‘shﬁe deticiohaid as/blogity détectas laiei ppsitionedsuBai d
at ‘| easto one s@htady redr the bptiain obtiie waterdérdetectiag sakiieatdr prepsuire gnd said watbrorelacitp andsfora
density of saig&emhds;bnelardptesmiwthuéof a is a veloci ty of pr opagation of the
'seismc wave in said 3 lid earth material,

directivityrc &'“i’e@@f' P?FH"’F‘&E’[ Qﬁ'm Z’Q"he'e!ﬂ iRy the é‘t‘f’éﬁ?‘ﬁl'ﬁ?m’t %"E F%teﬁ?' At the pottpm pf,

said scali ng é‘ﬁe(l) i ncludes the step of multiplying said at | east one

sel ect e® signalmdhbd dccbing B LIRS WAERH salPSidiidgSteh ki) MRRESNG RiFthdr step offnultiplying said

transducti on ggg@t@{gtse@m@hggegvmetdgp&g@, l\m Ler pressure detecting Step,
and [err] is a trans- ducti on cp@skgnt associated with the water

velocity det eahbrag ns%tdewty&saud ébndreérdhedteaamé Vel@ity P propagshtih 6f thY sefmic\Wa ey iR s
sai d scag i N sblidpartt hatbrial; hnadBrs,, shaliretiaty cofec@amaiont i Ng said di- rectivity
correction factor, [err] to be equal to cos([err]) for [err] less than a
sel ected crit N@ﬂtmaﬂ?lo@mg forvisin & wherhia said reling gtep (iedudesghe)step ghyltipyingrseifl afleastin
angl e of prop&patelesad signshmavplue deppndgpt upde sej sni c wave in the wat er. 40 7.
‘A net hod accor di n% to claimé, wher ei (ol * {G5lfv e% i ncl udes. t he
step of glet er H'PP oS 24popdygt ?;: '°é°dt‘”9% tﬂ't?é"t%%tﬁﬂ cf s?ﬂ’l?él‘i'e‘t'%aﬁ‘?"ém n
([err]), wher &Ugtiap fonstant agspelatenyt é'Tet‘X? 6oYelSEIFRGUEiSSR of the seismc wave in
thewat er a)d agneltfod dccéfaing §d diafm #br DWAURADRIA seBlin@bted ¢ zﬁldﬁ@ds%ms&p\ﬁpﬂéﬁerbtfﬁg sad 4l
solid earth madciity@brediiontrabor, DRL], & BeQhudl RROMAY RF yp' 1sh than a sileBB dHRSH AgleOdnd td1J

toclaim3, | fetibeBdedull®o ke lis o ighy dibropaigation fbrfiveptialloftnd sa&inRivave inthe water.
determmstically. 9. A nethod according to claim8, where said scale
fact or det & mAmalrpd gecerding kacdlaine & avherpin paidyecaling step @@c&dmmwmws saistpritical
posi ti on abové@nglefe bpeubstentiglhy egyal 18 aicein (giichareat iamvmtwpwwe%mbwe
tors, (b) det diethe wrier ang o iy eloeity M@Gaﬁﬁﬁ' H e geiemieave pegjd solt F'a'ﬁ\"ﬂé%%ﬂ?tb@m’“
during a_ sel eCfBgw P’r I val of said pres- sure wave and gener ating a signal
represeffaty ve, L heneot, S a3 %tuh.n&?te Ybd J}dgt .é%LiQS g& Ini?.tsnca
si gnal representatlve o the water velocity during a se ecte arri va
sai d pressus. e Arpetitod atudrdig Fdiairh B, Wherd saitl §pam|factor ffetemining stbp Maudesier eof | and 55
(d) det er m ni ng(apgeneratingalp@sdueeniané fransa ﬁbepmmmmsiﬁonromaid@resiuretdnevmay)detdce
val ues @§ the naghi tudes of the pressure wave velocity-representative
signal and the {bidtstingewiticeaid wateemessure deteqtar,asiten predsire during g selextdd amival of said pres-
_ sure wave and generating a signal representative thereof,
(c) detecting, with said velocity detector, a signal representative of the water velocity during a selected
arrival of said pressure wave and generating a signal representative thereof, and
56 {d) determining said scale factor as dependent on a ratio of the absolute values of the magnitudes of
the pressure wave velocity-representative signal and the pressure wave pressure-representative sig-
nal.
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EPO414344Bl * cC L M S * 10. A to
claim9, wherein said pressure wave-generating step inc ||mm nm

gener- ating said pressure wave frER®4198448B1 on direct| saimd pressure
and velocity detectors, and wherein preferably said pressure wave pressure

det ecti ng 99eR nettiol h&&amg RRIat € Whétbin 84 Sedslird daViedeRdrating SIS HEIGIeS b sidFofJeder. St
arrival - of Saiafhglehie prosku® waRAFom PbRItioN dRbGRY BYak daidressur@AraaIbdity dERIRs, ¥R whelelny
‘det ecti ng st eprelertibly s4l®resture wave prebddf dote@ifg Qép iftRid6uthd sftg oliBleting WatbrPeebduye dliiigi N
a first arrivalfirsoamiabofSai presstitéwave)anprefératlysaidprus surd wavh eeldcily delectingSpSritiudeshes
Ref | ekt isonsv etHeatep efvemtting ge@phissityldalingadise arival afspie jubssareavavd. N Wasser bedeckt en
Gebl eten, enthaltend die Schritte: A Erzeugen einer selsmschen Wlls zur
‘Refl ektion von Erdschichten; B. Erfessen des aus dersel sm schen Wl le

ent st ehenddateptanspriigheicks an el ner ersten Stelle i mWs- ser und Erzeugen
ei nes di esen darstell enden Signals; 15 C. Erfassen der aus der

sel sm s&hert- V‘EP'F@'S‘@PR %?‘é'ﬁ@?ﬁ!%!’ hméweg@yerﬂrmm @R@P't“erah'"é’?ﬁeﬁbe‘!?ﬁ'éﬂ Qeblefen.e
I m wesent | i ch&Hh B sten S e délzugen si nes diese

. F%en e %rks iﬁrﬂr rérPrb o on
o s Bt r& R e L

der Sigpale, dig d@ir §&r {4l g o0 Wb ﬁén% DRSS %u gﬁéﬂtaqgfn&tsﬁéllla e
mi t ei nem 20 telle uK&)@rz B dingd alé
el'ner Substan ,,@,p i}ghgdhéﬁ durc vveI he dr e 98 am sche

durch. Summi er ung BEErda0ddN GihdsC RersthritBf | sBismEinan dRelibRsilail Uorkn Wiklipkaon von
Vas'ser geschwi pehigheh bindhidePsigtaleCio deWhsbrdfaicuny 86 Wﬁéﬁlﬁ&sﬁhvﬂﬂlg‘iéﬁcﬁﬁﬁﬁen miteinem
Ref i ekt koonssi g@mierdnghfesciat voa bR akésBschevimb&ali éineY Siibstaky dhingiglish Wlen d6ithe die
Konponent en desisnich&®ellealahdetgund urctSStinniening d@novvErieeSigrialecdididen Waskafdndé oriidies
ist. 25 2. VaNabsahyesuhwindigieit Adrstalion) obdi daiveehtiirkid seipariiselaRetloktionsaignal thavkesehtichen

Dr uckauf nehne freiwesdigtensvoiamdtisiiaufeiden Kdopbrestan fley&hcketrahlung deesaismischen Mésite inrtalbd e m
G unde des \WagdexWassermigeor dnet werden, um den Wasser- druck und die

Wasser géﬁschvvr ndI kel t zu er fassen und dhese dar st el ende Si

erzeugen. & o AR Aﬁg Bﬂ'ﬁ'ﬁ' ﬁ'ﬂ'@ta’" a'rh ingiigy
‘schritt D. di °' o mf‘”@?{" P%t{ as?f"
Ver f ahr en nac rgl?c s?’g"? o [T E'?? g'eT{ aﬁsﬁ? e? ss a r.!,'gr"’al o2 °'z°"g°"

Nor mi er UngSSSCI%HthFan frch ARSFUCHE, h&ﬂmeﬁmmr&rrmeamﬁsuhhtmeresusiﬁrazfaass Erdmaterial
weni gest”ens € lanSratids GeWdabdreistSi gnal mt einemWert nmultipliziert wird, der
-von pa/Dirr., abhAngig Ist, worin p die D chte des festen Erdmaterlals a
Fort pfl anz Y g yg@tﬂlﬂ\mmrgkreﬂt 3, dedurgiegekainzelchyiet fal\dér Normieruntissehiitt &) den welteren
Erdmat eri al uSghritieinschiielddab dgsweniaestenseine gupgeivibite Sigoal mit einenydVert syitipliziert wire, der
Ansprucbs4 d¥®fur ch gskennzor chnet, dag der Normerungsschrrtt (I) den
‘Schritt ein- schliefit, daB as wen e au evmhlte SI '

R a n |G r et
.e| n&? \C/i\ér te| rrneJI %T;Ew’ ! é’f"ﬂ 8%‘:5’["5%?" @mﬁwﬂf"%@fﬁ% I\/\asser drA‘E%ﬂk5 ™.

&a’s senders, S GBidnken n¥¢€|‘1r A?H;Qﬁ’dﬁ 12, datilirch 'YOkbnhzeichhdtSaal a6 NohRSHIRSINADEH 8RS Gt Sih-

di e m t ien disGhit 318 EbSAIGMbr3 dind KiRbdwahitd SATHIRRIT eirdMWeRGHitipklert WRE ISP VRN 1St
45 6. Verfahren nach Anspruch 4 oderpdpigpdysgs,) gekennzoi chnet, daB der

Nor m er ungssc labhgniig it r)lorﬂWe:&ﬂﬂ’eﬂiaburﬁil@ﬁsﬁmehﬁﬂtemrtdadefWasserdruckerfassenden schritt
Rl cht kor r ekt unérakrider istRind (5, it beitagLypskbisthntedhs Ideanritidern Jip Waskeitgeschwihdigksit erfassen-
ausgewahl - t ederk8dntitt eattiueden\t.nkel s gl ei ch cos y,' und sonst gleich 1 ist,
worin yﬁ“ ein Propagatlonsvvl nkeI der sel srr1 - schen Vells in Wasser zur

Vertikal en & stVF"f w"@ervr ?f 1 Tf% gmgnn E bd%gp e?;gsmt
daB der No W h
kel i m ve: i% rggr‘rﬁ e'e'aéqus& T R ERRRPR O CE) P o <

W nkel |mvvesscen h mv@
Fort- pfs anzungsgeschw Al er ®sel smi schen Welle in Wasser und a d| e

For t pf| anz mg%mﬁdﬂ%mre&edhte Seurch YoRoRhDefdRRst, diR|dbiNorierd RysBdhE ()8n Schritt ein-
Erdmat eri al aHiBl S ded Rritisohd MErfR6I5m wédentiidherBals gietdhiafcaiR(e ) bestifit vRISWIr G tieFort-
d ad urch geken Wﬁizﬁrﬁ@@%chwﬁa@(ed Qér sSiEMIBdhed WEIRYin Wasser uiia e FdRTlaMahgsgéschwindigkeit
der seismischen Welle in dem festen Erdmaterial am Grunde des Wassers ist.
85
8. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB der Schritt der Bestimmung des Normie-
rungsfaktors direkt erfolgt.
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rungsfaktors direkt erfolgt. 19 EP 0 414 344 B1 FTETETED i
iilr*~Cc L M S i 9. Verfahren nach Anspruch 8, m}mu{ulmm“
gokonnzoi chnot, dal der Schritt derEPBota8B4aBINg des Nornﬂ“‘mm

einschlie~t: (a) Erzeugen elner Druckwelle aus einer Stelluhg bbet hal b*der

St el | ung DUClgarahifafd n@‘ﬁ%%dﬂ%‘ GdiRich YekdnioARdiEsas d%r SchrItt der Beétmmu% baNphRie-des
Wasser dr ucks Hinbstdk®pd efaamstitd ruckauf nehnmer wghrend el ner ausgewahi t en Ankunft

der Druckwelle g@zsﬁgmmmmeaus@snemuﬁ@bamt e BeMing BBl BhdGesérwindigkeits-
Erfassen ei nes gimghnwsser geschwi ndi gkeit darstoll enden Signals mt dem
Geschwi Bdi gkei t(pyBrfassendds WaksewiritkanithiemiWaeserdutkafaottidr whitendiitoralidgediiten Ankunft
Druckwel | e und def atigeNe il B@Bugéh et ddssnddassiellanderssign@isgnal s, und 10

(d) Bestinmen dexErfdssenieinesdig)Wasskigeschwindigksibdeestaljergiare Signalsonit derm@eschydndighditsaif-s
~der Absol ut wer trehwiewilitegiRinechusgeBihitamAnkunftinsDrd¢kwelBruadRremigércaines tiesedersiglendean
~darstellt, und SgmgisIindnal s, das den Druck der Druckwel l'e darstellt. 10.

Ver f ahr @n nach (@yBestiromen dgs N@M’Gﬂ‘*‘t}lﬁ('@ /baspighelt wen einem/VeghBjtnisder Absolutweele der
Erzeugung der [$riReige Siogals, gas die Drugwalienschwindigkels darstelih jund-des Signalsiidas dgn Rruckiden o
“aus el ner Stel |RHgwelledawelitoper den Druck- und Geschwi ndig- keit sauf nehmer n

er zeugt w EI'?Lh ﬁac\ﬁ%rrlgp%ﬁ %9rc%? '&eng Mﬁ&(’ﬁrelger
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