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METHOD AND DEVI CE FOR | NDUCED POLARI ZATI ON MAPPI NG OF
SUBMARI NE HYDROCARBON RESERVO RS The i nvention
WOGEYA8EPes a nethod for fast direct mappi ng of CGEA¥2008/000446
anomal y zones associated wi th hydrocarbon reservoirs
bel ow t he seabed. The nethod is based on induced
pol ari zation effect observed in an el ectromagnetic
field neasured by ver tical coinciding
transmtter/receiver lines noving over subsea
reservoirs . At present two approaches are used for
detecting and characteri zi ng hydrocarbon-beari ng
reservoirs in deep-water areas. The first approach is
based on the sounding of a horizontally |ayered,
electrically conductive section |ying under a | ayer of
sea water. This section represents the sedi nents. At
some depth in these sedinments is enbedded a thin
resi stive reservoir containing hydrocarbons . The
powerful transmitter ex cites alternating electric

METHOL, NP HVIFH, TORGTIDHGER POFARIEATHEN APPRH DR UBHRREy FYRgOCAREON

RESERVOEREi on, and one or nultiple electric and/ or magnetic

recorders | ocated at different sites on or above the
seabed record (s) el ectromagneti c responses fromthe
sectr t hese responses their .inversion
S S e & Sedbe AT MTesdR Y of
the @a@\aﬂw%m Gas o itk hertrda{@reﬁrmﬂl P B3Sirs be-
exploration as well as for reservoir, assessnent and

low &érﬁersmm e dach Irtedberh Hedegeharprlgrization

The ¢
A R i R R e S

£ 1ca0052685;1 TS 1M n B8 1/1e o 1 Edesime etmaving over sub-
2006132137 of MacGregor et al .; EP patent No. 1425612
Sea J°SWHgHt %t al .; international publication No. WO
03/ 048812 of MacGregor and Si nha, WO 2004049008 ; GB

At gud¥diA two approaches are used for detecting and charac-

terizing hydrocarbon-bearing reservoirs in deep-water areas.

The first approach is based on the sounding of a horizontally
layered, electrically conductive section lying under a layer
of sea water. This section represents the sediments. At some
depth in these sediments is embedded a thin resistive reser-
voir containing hydrocarbons. The powerful transmitter ex-
cites altermnating electric current in the layer of sea water
and the underlying section, and one or multiple electric
and/or magnetic recorders located at different sites on or
above the seabed record(s) electromagnetic responses from the
section. Images of these responses or their inversion and
transformations are used, together with seismic data, logging
data and other data, for oil and gas exploration as well as

for reservoir assessment and development.

This approach has been described in numerous patents and
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tion 2395563, AU publication 20032855 of MacG egor et
and numerous ot her publications nentioned in the

al .
WOR2P&H088B36 of er ences which follows. Such an aBpro¥A08/000446

can be used in the absence of so-called induced

pol ari zation effect (IP) which is capabl e of

distorting the el ectronagnetic response of the
metkodsct for evanplai By pateserVoir4, 6h7abdBt and, 6t AR8,146 of

sen g0 36D 1a5s 2.4 o b0l YL 9B EOTRRAE M R BESTLS o e

destel atiyely bovelIhesptbermappregeh &8 BasedePnNpatent No.
anal ysis on secondary electric fields ar|S|n€.under
G

1423 pb2 | Apaltieht etectti c tnFpERRCEPARASIPELLEEaFACRNEC. WO
o3/§]@§éi.@noPYM§c@'Pé’§cSP|aﬁ@uégﬁha:rhﬁéng)g@gg%@é? 85 Bllbiica-

el ectrochem cal hature and are cause processes I n
tioro2eafFeed dodll pubhierisiani 30Ag2a65t hé MenGaebobetweeh. and
he solid substance of rocks, and i.nterstitial fluids,
nundi5ed S0t e f B L ftirhatcen RBetr 15 athon Srr el PrBpE-

ences THeieharatisws of the | P depends on the electrica
resistivity of the solid rock. In case hydrocarbons
are present at the contact, K between resistive bearing

Suck 311 IPPYRRCE PP Rese@edair BReafPerBEer 8FkPRaPRELSD in-

duc&apti i zaten i DEeOSt tY1P] {HechPief ESphpEEPERIF QR0 L ing
the el ectrolyte concentration and on the pore

the selectuenagnet tanrgoemsed ¢6rthgdebrarboneegphbraning. a
res%gyg{;gcinagdgF?fgﬁFﬁt%%ge%%ﬁ%éaéﬂehgggge?%wtE%ﬁP%FE}on

requency do nain. orral i a

comexced esisler sebsmic gbectpeet CHEl eBhepekseatofrefiess thereby
. rectangul ar_ shape wi th pauses between thepul ses and

being e F%VﬁEKelﬁﬁasurenents of the resultant elec tric

fields in pauses between pul ses. The IP effect
The "GhE £545p1b86h f i bR S@e6hf hBaEPaNgeohNsERENELI® electric
domai n response which _
fields arising under the impact of electric current transmit-
ted in the section by a control source. These fields are of
an electrochemical nature and are caused by processes in so-
called double layers arising at the contact between the solid
substance of rocks and interstitial fluids. This effect is

called induced polarization effect (IP).

The character of the IP depends on the electrical resistivity
of the solid rock. In case hydrocarbons are present at the
contact between resistive bearing strata, the IP processes
are of an electro-kinetic character. The intensity of the IP
effect depends on the electrolyte concentration and on the

pore structure and can be used for hydrocarbon exploration.

IP effect is measured in either the time or the frequency do-

main.

In the time domain the transmitter excites series of electric

current pulses of a rectangular shape with pauses between the
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is present in the absence of IP effect. In the
frequency domain the transmtter generates alternatin
WORNYUERB6of di fferent frequencies, and recor dBFI/NAZRES/000446
nmeasure nments of responses. IP effect manifests itself
as a reduction in voltage against an increase in
frequency and a negative shift in voltage phase
pulegs; pngle HEg e rex Bakien leayaanentac ot dihey ntepultant elec-

crikr ¢glaya ety ol d Ki-rjchek.(1976) cks ;

“lying in i, Bausels) BEMER ol gr&(egglng oAU manifests

itseddi fiscat ispesiddcdehane iinf lthencsmef ddmsand rEscaideOfwhich
drocarg ns, whi ch I%gd to changes in the chenica

. f h
is Prefert o ¢RF SPFABETT 6Tard Gy Sal propertios of

the rocks. The ot her mechani sm which creates |IP effect

In hae eegueingyCdssednbyhBi ksehmi¥dr R BMEmating
&1982) whq expl ained it as the accunulation of pyrite
CUrFRNE ShaPPEhETFBrohS CAYSRAEE, aRveme adrslopy imaks leasure-

mené%sbﬁiQ@%?%n%%%hi@Pféﬁ%E% eﬁd@iﬂ@%é@“ﬁﬂ%e el L eduction

it
o grains w i ssemi nated or cenment-IiKe tflex ure”.
in vrh&rgrodgkdnisgvenbearnrpasposed frexquchevexpldanatieaa tdfve

; fe for.exanpl Schu her (1969) .
shi £ £herBTtask PrRE Erdalhaonto: cosoc-asort: g Tmentp
ef fect enbrace huge vol unes of rocks and can create

Accandimbi e® Haughbhy B al .cl(a9g6h0 ahlde KieSehe®l S Iy rocks
.at dif | evel s of section above the res ervoirs.

rent
Lyigg; ip %genﬁﬁ-ﬁsaéf%r RyBPROCHEEEH eRiushat Modifdsedioms un-

dert BReSHhFYAXHRE BF LBwaihemtio3ad:Ua i %@E@ : i
Cehl er, 1982;.Srnka§W1986; %?neéar,%%9%'; th?égs' which
leadoyg; cippaes2001the€onhenizeldshiasdaRogdical patertsire and

h %g% in éﬁ? + 1 Bel ash,, 1983 . Kashi k, 1996; Nabrat,
PRy %; %§ ?E g%,ggoﬁﬂ? EPEFFSln, 2006) citedabove
have been designed to detect electrochemcally altered

The other mechanism which creates IP effect has been dis-
cussed by Pirson (1969, 1976) and Oehler (1982) who explained
it as the accumulation of pyrite in a shallow, porous host
rock, where the pyrite is distributed within fractures or be-
tween original grains with a disseminated or cement-like tex-

ture.

Other models have been proposed for the explanation of IP ef-
fect, for example by Schumacher (1969). However, in all mod-
els the processes resulting in IP effect embrace huge volumes
of rocks and can create anomalies not only in or close to the
reservoirs but at different levels of section above the res-

ervoirs.

Existing methods of hydrocarbon exploration based on the sur-
veying of IP effect and US (Kaufman, 1978; Oehler, 1982;
Srnka, 1986; Vinegar, 1988; Stanley 1995; Wynn, 2001; Conti,
2005) and Russian patents (Alpin, 1968; Belash, 1983; Kashik,
1996; Nabrat, 1997; Rykhlinksy, 2004; Lisitsin, 2006) cited
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sediments, that is an alteration zone that may extend
far E mards fromthe pyrite accumulation. Accordin

WOR0%U§28eey (2002) a pyrite hal o acconpanyi ngPCT/l‘IOZO‘%‘/000446

hydr ocar bon deposits can be | ocated at a depth of

300- 700 netres independently of the deposit depth

itself. Mdiseev also noted that according to field
abOVavbsvegheénnéesagnédseOrééaebbnehectmeehemmbamaydaltered

i za ty conto hydr oca reser Vvoir
sedPRet A Lo ol S R n B bR L RO R ek enbe far up-
war&@rft@ﬁ|tﬂé9ﬁ riea abchydigeashnons and gives the

possibility of using this circunstance for hydrocarbon

|oration. At present there is little experience ‘
ACC@¥§h$$h%°a%eF?eeYuéaoe? )1 ® BYFéER PalonaFrREpanying hydro-

carﬁuﬁr@&aéggaseéghOBQtneeateg Lhe, S?%Etexp 987 - H@deetres

experi‘ence has denonstrated that oration o
indéjgerdent bynof esbevdepssivasdspthessfal fi. nMeépentryabdab noted
of h dred bore es_dri]led on the basis of LP, .
tha%f?g% E@k%?seevEl?SGZ}nve?%lgﬁﬁe?Pﬁen?aFiaﬁ?ar?h@tlon be-
twedghavhatcedf poheriPapiieey tontsural byadasarbbadpshareser-
different types of nodels representing the electric
VOiF RYQIFTF191phaf PeeRsdaker i PeGueByChepEndBALcphive of

verEf@@iQﬁlggaglgﬁpSEdﬁ§&§08£rﬁgﬁsrQﬁhsgiyggyﬁﬂgr8oss b111ty

frequency I's of very great Inportanc carb
of wep@gn@hbeceuseumstpnoevfdeshndhogheboneenpmbran1mnth
respect to paraneters indica tive of the existence of

r stjve reV|eM/ nd_a ysis

e (YSESREIPRRE, 00 BXDRIR LHSoL RS0 B0 0BL kB0 acion o

Ip éffé@tlﬂ@fym@ﬁlﬁéeﬁy&ﬂﬁyarbbﬂeéxbloEbﬂSoﬁlgéﬁ,tﬁ@7§ame
2000) monstrated that |P effect can be a

ro ,
tlm%r?%ﬁeﬁﬁgeﬁﬁP%§éﬁﬁcﬁs aﬁe@%mﬂESFRPtﬁd(FhPE)EE? gxplpgation
of Kydfbecdrbdn) festiFoldl) kas successful in seventy out of a

hundred boreholes drilled on the basis of IP effect (Moiseev,

2002) .

In experimental data the behaviour of the IP effect is usu-
ally described via different types of models representing the
electric resistivity p of rocks as a frequency-dependent pa-
rameter. The dependence of the resistivity on frequency is of
very great importance for hydrocarbon mapping because it pro-
vides a higher resolution with respect to parameters indica-

tive of the existence of hydrocarbons.

An exhaustive review and analysis of existing models describ-
ing the dependence of resistivity on frequency, given by Dias
(1968; 1972, 2000), demonstrated that IP effect can be appro-

priately expressed as:

p=p0[1—77(1—1/ta771(1+—1—)ﬂ, (1)
U
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r h=(p O-r)f P o Here t,t and t2 Iare the rel gxation
tinmes related to the dif ferent relaxation nodes
WORRR/A8EP| ex resistivity, P o and p are the r@ﬁlr/wp‘i?é@o““
of p by direct current and high est frequencies,
respectively, h is the chargeability characterizing
the intensity of the |P effect. These 5 parameters
wh o, h, t, xi, and t2) describe the fre quency

d fi X res y conpletely and n
eﬁﬁgcgngﬁﬁu 0)/z’tropﬁyslfdal lqs“[keéépr &ta J&h _aé '%58@
Hed¥elksaep £id al,. arégﬁge ﬁ@béﬁa@ioﬁlt1me§9§éiatgaeto the dif-

paraneters r , Rl C, and a giving a

rﬁ?@n&@éﬁé‘l%%lmﬁ%ﬁyrl ption of IP effect, are

e t paci_t.or sonme coefficient of
p 1% ﬁhéa?d%?l%%r %Estlsé:ﬁé’]l glJes (Dias, 2000) . The

o an@dl gxAGren thaTes 1, tvaﬁlﬁﬂas-r%iﬂrpeb o5elaLE N dgg%%ﬂ aMd Bign-

t he separation between parti cleS (sources
eStthéfe\ﬂé’leFL%ﬁ@\m rasP gsopiotedry .Col e- CoI e nodel has 4

a [ |sles reci se than as's fornmul a
7 TR Aty e TR o TS aRicR (09 RSP IGH |58 the TP
effefftect, considerably increases the sensitivity of

el ectromagneti c fields to hydrocarbon targets and

makes t he net hod u3| ng I|P effect as the indicator of
Thegeq PoPRFBBRS S&t r@et | Ne ﬁroFlrh)?dldoGB)r stsre ereidps rtghe fre-

que!ﬁ%?h bk %hd@lnce {o%%gcs gS’lS:E%.C\)f ty Cc%%l der hercf can

as a precursor 0 resent 1 nventi‘on. ses% re
be yeeti falr piemgsvphq'rssadadr mdax@liserﬂatﬁ:&;rn a(miatsyw 2‘an, Nelson

ot eeelgey, Shbeimge o (sdinenare placedin, Ty
C, and a giving a phenomenological description of IP effect,
are resistors, capacitor and some coefficient of equivalent
circuit analogues (Dias, 2000). The relaxation times 7, 77 and
7; are closely connected with the separation between parti-

cles (sources of IP).

The well-known and popular Cole-Cole model has 4 parameters

and is less precise than Dias's formula.

The complex character of p, which is typical of IP effect,
considerably increases the sensitivity of electromagnetic
fields to hydrocarbon targets and makes the method using IP
effect as the indicator of hydrocarbons attractive for hydro-

carbon mapping.

Kashik et al. (RU 2069375 C1, 1996), considered here as a
precursor of the present invention, uses three vertical
lines: one for a transmitter and two for receivers. All three
of the lines are placed in different holes made in the ice

floe. The transmitter generates pulse-shaped electric cur-
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floe. The transmtter generates pul se-shaped electric
current, and receivers neasure the vertical conponent
WOgP0Y4§e238| ectric fiel d. The di stance between FPRENO02008/000446
receiver lines in a horizontal direction is in the
order of 1-2 tinmes the pros pecting depth. The
di fference between the anplitude of an electric field
rentneasdredcemvewe mépam&mtthbn@@ﬁticaie¢ampdﬂamt of the

i nter ive er. disadv ntage af this
eleck RaEntianar s ThRe REEFIGe ot 0 Bantie T Melaies s 2

horleeﬁtb@ed&iceetmﬁi Gl hirghhe dedeeasss 1i-bs Hieey MHd tdess -
and productivity; absence of neasurenents of the

pectiagt derthe oRbBEnEAE fefrenise Sesmaerc thice FaRitl taids arfermn
eleclt%\_{%l §1EI_QLdt Rgaﬁ%&*e 'ncrt]:vJol @ %Cleﬁll% %s tié 'Jée%? afsorthe

Noi Se suppression and 1 nterpr tation e present
1ntempventvenphaamé@erit@hdudysadmaﬂmmmﬂyﬂbmhmahmnyantlon is

l.ea one of the dr cks of th r art
the GEABIIRY Lo oot i, R e B aie i 102, which
highiﬁe@'e@régsle% ke %%gﬂbqtﬂlme@ela@ia Frddut-tdihe &) AidBsence
at follow The present invention provides a fast

of m@esii@femeﬂt%pﬁe%h@g viegit istarlaiqgimErosendr dfarfdhd agkectric
flelﬁe%t‘:f g&%%'r%to“ LB1sThe, RAGSL, | AR O AlSP the possi-

& method for constructiﬁg and contouring a
blllanea tEht-o ngh seh anpgtrerd sriatn emd yi it wfdfeactt idrher eby
increasing the probability of det ecting hydrocarbon

reservoirs_. iti t, esent i nvent i
The BESSENES LHVRBERGR MARL 1 B dice SO e (IS 7 Semice
at 1Rak&Meher ®Witheh aauiaaddlloff Q:ihé heripat rophysi cal
interpretation of rocks characteristic of hydrocarbon
reservoirs potentially present in the _area un der

The obi¢sVi A§ 2ChdeMvRst EHIRUIM FERG W e e L Le MR 1ed

in tfh%r de QGRS 0% 18 AAtad 850rdRd AWHng S eY Ny
the aim of determ ning

The present invention provides a fast method of surveying for

straightforward and fast determination of IP.

The present invention also provides a method for constructing
and contouring an area through characterization by IP effect,
thereby increasing the probability of detecting hydrocarbon

reservoirs.

In addition, the present invention provides a method which
enables the evaluation of some parameters which are useful
for the petrophysical interpretation of rocks characteristic
of hydrocarbon reservoirs potentially present in the area un-

der surveying.

Further, the invention provides a method for processing the
data recorded during surveying, with the aim of determining
parameters characterizing the petrophysical properties of the

rocks creating the IP effect. These parameters are used for
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paranmeters characterizing the petrophysical properties

of the rocks creating the |P effect. These paraneters
WOPR/§E%8 f or mappi ng by pl ane projection of r&&ENAFPP8/000446

edges on the seabed and together with CSEM seismc,

| oggi ng and ot her geol ogi cal and geophysi cal met hods

for interpretation. In a first aspect the invention
mappénat by pbreespeci éftabhyoforaseevhad Bdges on the seabed

e netic ve based on.the detection of ,
and L8 LR L D282 o oGl PGS Al SeheRl geological
andchacphykeeastheB8hbas FBRPLAGeRPrERathRdr ocar bon

targets, character ized by the method conprising: a )

deploying vertically in a ,water _body at |east one
in %IE&F¥FC%FPQFFet?6r HEhACBI EELPEREgREEEC SPRgASHCRddy to

a m@ﬂhb&'EgreE§§E£98ﬁ8§§ét§ceEﬁ&gﬁyWﬂbCBabédaBﬁaQ%%ddE@e tion
excite an elec tromagnetic field in the water

of imderedi nglasirahionheffand andeeweﬂngtmged0551as charac-
verf SERLYEOL halBRRY RIFIRS RUakEAYEEY £8ofeRh Ntk alter-

ric pro Phgtsury
izedhey sphtimbtbHodt cobptriehngt the vertical conmponent of
%he el ectric flelf}and the nedi um response in the form

FOLOBERENYSTEIFRITYI 1) SevahieTt PREYI Att hE2BEAPRES electri-

calmﬁiﬁé f@rﬁlﬁ@r£ﬂ|89e9H£oﬁa§HéE§éttg§n§H§£¥é S ﬁEtEQﬁg
vertical conponent of the electric field

elegspoagectbe energyir posehofsderesngag tndaxedte an elec-

troﬂg ﬁét%@tff gfiﬁcéhg g Egteﬁghgbn L&%ﬁ%%&ggﬁétﬁgﬁégm,

thed&smélhéﬂebyeiﬂg chatlagkesi setebocperspenth¥arehehlie of
i nduced ﬁolarlzatlon effect for the explaoration of an

theUFﬁEFb?% R FrREr Bbnthesele6FFICTREBLER t he supply
§%O@i@§ﬁ?°§@ﬂ@§§iﬁge@&fgyasoeﬁeCQEgHQEQrd@gtﬁlbutlon of

verticalTy deployed nmulti-conductor cable 1s

thepy@$§¢g@1ycomponent of the electric field and the medium
response in the form of apparent resistivity versus time in
the body of water; ‘

c) carrying out a space/time analysis of the vertical compo-
nent of the electric field and the response for the purpose
of detecting induced polarization effect and determining its
intensity and relaxation times; and

d) mapping the anomalous zones described by the characteris-

tics perspective of the induced polarization effect foxr the

exploration of an underground hydrocarbon reservoir.

Through the supply of electromagnetic energy, one conductor
of a vertically deployed multi-conductor cable is preferably
used as an electromagnetic transmitter exciting an electro-
magnetic field in the body of water and underground medium,
and other conductors in the cable, which are of different
lengths and are terminated by electrodes, are used as receiv-

ers for measuring the medium response.
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used as an el ectromagnetic transmtter exciting an
el ectro magnetic field in the body of water and
WO RAYEBEBeund medi um and ot her conductors in PRENOIBIEP00446
which are of different Iengths and are term nated by
el ectrodes, are used as receiv ers for neasuring the
medi um response. Advant ageously, a plurality of
Advanekibecaldly ,dep pdyech ittt iofo veurdtiara ldab|depn 1 aash rhali ing

one conductor arranged . for the supply of
conayCE e GRS EBRorGY S SN EPRRTIE AT the
Suppllﬁ/t IoF 1RFAeme@NE ERGA) elrctimanetdie fdrldttdhag-
‘the body of water and underlying medium_ and other
netigofdagersoridtior ereicdpioesan wHia raagietdq fidedid in the

bodf %@&B%e%n%g;ﬁr %ntd%@fyq t%e‘?ne% ,%H&P‘%?&a@%%ﬁéﬁ&%&ss in

recei vers neasuring t he medi'um response .
the Pegflersgblwhidnerer cf @liifalddnt dferiditha egel \ares teframted

fi xed during neasurenents . Preferably, one .or .
bY eReREHAASF of Th e SR G GRS R HOnle A Rkl medium
respdrfeerably, the at least one transmtter emts

el ectronmag netic energy in the time donain as an

intermtted series _of current_ pulses of different ,
Prefgsahlivti @Ry i 1 Wi afmthatisirivert &/ deastixed
duri¥Re Leei orfkes measurenents of time donain

responses during time | apses between consecutive cur

rent pul ses when the response is not masked by the
Prefieradsyi t arer qurer @ituralfref evfaiihe ndreilges i o9/ ofe tewed
b cq;gggg pul ses and pauses is specified in such a way

Y & A an ‘el ectromagnetic field pene tration depth is
provi ded, exceeding two to three tines or nore the
Prefiapitdlgt bid at tleagteserey o rarsni tocat eyl oy ef brathtgmag-
within a r_anq:%eofti(r)ﬁel dseco,nds to 30, seconds.

netic energy in omain as an intermitted series of
current pulses of different polarities and with sharp termi-
nations, and at least one receiver makes measurements of time
domain responses during time lapses between consecutive cur-

rent pulses when the response is not masked by the transmit-

ter current.

Preferably, the duration of the current pulses and pauses is
specified in such a way that an electromagnetic field pene-
tration depth is provided, exceeding two to three times or
more the depth at which the reservoir is located, preferably

within a range of 0.1 seconds to 30 seconds.

In a second aspect the invention relates more specifically to

' a surveying apparatus for the electromagnetic surveying of

marine hydrocarbon targets, characterized by one or more gen-
erators, which are arranged to generate current pulses of
different polarities with sharp terminations, being connected
to a submersible system comprising:

at least one electrical wire which is arranged to emit



10

15

20

25

In a second aspect the invention relates nore

specifically to a surveying apparatus for the
WORPRMEBagnet i ¢ surveyi ng of marine hydr ocar B&H/NO2008/000446

targets, characterized by one or nore gen erators,
whi ch are arranged to generate current pul ses of
different polarities wth sharp term nati ons, being

electamnecirett 1o enatdneinrsidlee Iyt enfl oot samd): armtuhdastying
.one elrgtit,ri cal wire  which is arr

d to,
med i1 b 11 AT rfbrtRES D CPDOE of Coht STTRORER OF

the WY N0 e UMt ankhdis &Hd angecthd T &68HVEaT NRires be-
vertical conponent of the electric field, at |east one

ing ¢f et istalchy den ] adecbantie § rrpriveter cadlble diplwyieh at
1ea§£”“otr{e' & S¥ f@baltreral eV@ItC@ é&ci@@Stwkg%r?v\]fgﬁg#%@ﬁ—

I's arrange 0 excite, n bei ng sup pli
pliesl eciulonsignet tamaenestgic farrgy genen ad afenaratebec an elec-
tromagnetic field in the body of water_and the .
EXOTAGE Y i Gre i BoartP O 1T OFRIICTEN S 0F PSR me-
diuMhisly BEof shidesests |onatils @ ar eyl e6mi 92t egk by

. _electrodes, are arranged to receive the vertical
diffegrRyvhekmnaiths mne|aes rierniirdted ory rebectrededn afe ar-

' . @ - hi t in '
rangelf (ESHRLFEINE et B Nt BIRET of g YR AL
fielehrffon ne@l Stirateydmpapiss aiadiwn aegoonsance with the

appended claim8 . In a fourth aspect the invention

relates to a conputer appa rat | oaded with chi ne-
In 4 I ATRRTT LT oHE T TheE T TR T Bkt At FOREBF= ool
char@Rithad 4 BN Bt esdF0fBaNe] | SusueyEYy | ApoPSLREEaANEe accor-
w th any one of the_ appended clainms 1 to 7. In what

dangey|Wigds ke crrrendrd @laioh-inmiting exanple of a
preferred enbodi nent which is visualized in the

In & yéélgtg%cgl{ am Vérﬂ:ﬂ?ﬁ CPé]_ﬂ;er@é égtl':éérﬁputer appa-

ilTustrate e possi ble configurations usa

ratus loaded with machine-readable instructions for the im-
plementation of the method for an electromagnetic survey in

accordance with any one of the appended claims 1 to 7.

In what follows is described a non-limiting example of a pre-
ferred embodiment which is vigsualized in the accompanying

drawings, in which:

Figures la-1lc illustrate the possible configurations usable
for fast IP mapping of potential hydrocarbon-

containing areas;

Figures 2a and 2b present the result of numerical modelling
with curves of apparent registivity versus time for

different gections with and without IP effect; and

Figure 3 illustrates the possible strategy for hydrocarbon

surveying.
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for fast I P mappi ng of potential hydrocarboncontai ni ng

areas; Figures 2a and 2b present the result of
WORNPA82%B4l nodel ling with curves of apparent PCT/NO2008/000446
resistivity versus tinme for different sections with

and without IP effect; and Figure 3 illustrates the
possi bl e strategy for hydrocarbon surveying .In a

In o ifrists texergpiErarye dadsbdremdnta 5iiglel 4 rianstdtiittter mounted
nount ed on a vessel_consists qf a vertically ﬂ§$|o<§§’

on Fv ForurthittIv e STHdiicore wpteredr if
condRIRGHDEEHG I lr-d S RBIGed At & bodYe Dl Bt &Ls, Theich

. vessel is noving slowy, and the transmtter emts
is supmengead dnt & dradntopuradese witleh Yesgekhig proving slowly,

andtéﬁéﬁqyﬁﬂéﬁ¥%téM“é£5éJ“%ﬁ%Eg%f%ﬁ%&%V%&£&§ﬁ€ﬁ§r§§5§‘&ﬁ&ch

used or rreasurerrenjts 0 nmedr um responses | 1% e

haveC GlleS® Gferniremdiapses Wetleathe Gemes Wabke cktflendlectrodes
This is de scribed further in NO323889 which

. ul ses.

is yaeq 6T SRR EPHENE 1P MEIR A TRAGER Rrldhemirse of

t imel N@ IS o RIB afdh LA PR Mut St | MsiddL edrhfs is de-
figure la, in which a vessel 1 floati'ng on a water

scridgd goetdrey sin MRIRE B Y arttlidul il pirperadd dh@rein in

L ternm Y. trodes 4 , said cable 2 being

1ts gﬁjber?e%%é/gdalsﬁ raeeébeod%/r{cg?' water 8 towards a seabed 81. A
generator (not shown) is installed on the vessel 1 and

The ifSi et sngpec aorye mnibadiinest titse nit 1 Joss i et e g ul s eSigude cla,

. _have sharp termnations, into the cable . The cable |,

in BAh B oot It 19 Shrt AR (DTS Theroving

a ver@SReNs e foryaady Whwhed |y ing-wmtdey 83y dhadtiSded Ne, said
under ground structure which is the object of the

cablifafpin®gnd FUIMETIRA S Gf R [RAUSEIRT { hekoayds a seabed
o1 g A SO G O B Sof SAPREL D o ono
is ssmargyed to emit intermittent current pulses, which have
sharp terminations, into the cable 2. The cable 2 with the
electrodes 4 is arranged to register the response from an un-
derlying medium 83, that is, the underground structure which
is the object of the mapping, in the course of the pause be-

tween two pulses. A position monitoring system 6 is used for

determining the position of the vessel 1 during the survey.

In a second exemplary embodiment a generator is installed on
the vessel and is connected to a vertically deployed, elon-
gated multi-core conductive cable including electrodes, which
is submerged in the body of water. The vessgel is moving
slowly in a horizontal direction and the transmitter emits,
on one of the conductors of the cable, intermittent current
pulses having sharp terminations, whereas the others of the
conductors of the cable, which are of different lengths and
are terminated by electrodes, are used for measurements of

the medium responses at different distances from a seabed in

10
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In a second exenplary enbodi nent a generator is
install ed on the vessel and is connected to a
WOZRYU8E%RP| y depl oyed, el ongated mul ti-core coREEAYQ2)e8/000446
cabl e including el ectrodes, which is subnmerged in the
body of water. The vessel is noving slowy in a
hori zontal direction and the transmtter emts, on one
the aburke odnduatorlspafest e toamdre cdmieerutittee turnmrenful ses.

ul ses _havi ng .,sharp.term nati ons,. whereas the others,
suct B BRR T oMIALL TS "B (o A LU G SPRHS (118 GHRELY-

ence @FILRSaaNd ndilbadRIHE NAled Jas el redasd A Used-die

measurements of the mediumresponses at different
the gicsuareys ofr §fca resasaP s Heteadnede ot andel i pgdserpre-
ratiRgt ween consecutive current pul ses. Such a
configuration nmakes it possible to suppress the influ
ence of |ocal inhonbgeneities near the seabed and
The isecoads exenp lagyuradbodifmettie iresipdnse ettt mmafignce 1b,

. nd,i i nt erpretat.i on. The second .ex | ar .

in VSRt RS0 s SRt 3 R T (FRRA FhamLEd -

condRESH chule BOWuhedgea] tirc ey RIBNGH eghter 8. One of
mul ti conduct or cable 3 subnerged in the body of water

the gondggsose tRETcSMUIEYorE (et caihih)? ofviifeh s gl -
nat iy eqre%tw(@@alt,eQ.sbyco%lrFegtré@% 4 gdrieLAWEChEN O

a geénerator (not shown) as a source of  intermttent
showrr eenta soQdeer cdfabilre: epomi tthesttorai(regtt sHovigr cable con-

term nated,b on-pol.arized el ectrodes 5 form
Guctish (o S THARRT A H 1o hHe 108 JorReragfes 5
forn e rRGrdTat sHifdeat etir sl Srdnterdthe otede bashpdhsed of

position- nmonitoring system6 is used for determ ning

the medipgsiat 4 fffenant Veseels Emtthaimpsandoodn & thipepi-
e I ' t- a pl i ' ™
e orf B R B R ok e e Hiaipdom

of bmhevmgs&él1ldU1adnydyﬂngLﬁ vertically depl oyed,

el ongated nulti-core conductive cables term nated by

In a?%%&&%?%gimqfﬁgé¥wembodiment a plurality of transmitters

are installed on the vessel and on associated buoys behind
the vessel 1 in the form of vertically deployed, elongated
multi-core conductive cables terminated by electrodes, which
are submerged in a body of water, the transmitter cable con-
figuration corresponding to what has been described for the
second exemplary embodiment above. The vessel moves slowly in
a horizontal direction and each of the transmitters emits, on
the core of one cable, intermittent sharp-termination current
pulses, whereas each of the other cores of the cables, which
are of different lengths and are terminated by electrodes, is
used for measurements of the medium responses at different
distances from the seabed during the time lapses between con-
secutive current puises. Such a configuration gives the pos-
gibility of stacking the signals, suppressing the influence

of local inhomogeneities near the seabed which produce sepa-
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are subnerged in a body of water, the transmtter

cabl e con figuration correspondi ng to what has been
WO H0X¥3%%d for the second exenpl ary enbodi mentCHBEGWS/000446

The vessel nobves slowy in a horizontal direction and

each of the transmtters emts, on the core of one

cable, intermttent sharp -term nation current pul ses,
ratidrerefsdeashlwind NEP ot dtegecor esmpl itheedabiesp whfeht, and
. are of different lengths and are aerninated,by i
incEeRtNYdels R fHF HedRorereresc o PRk RRAPTMH 1nter-
pret£eponses at different distances fromthe seabed

during the time | apses between consecutive current

pul ses. Such_a configuration gives the pos sibility of
Thes¥%£kdnQX¢m@l%r@nﬁw@?d5@@@teégihélvﬁéragﬁﬂuéﬁcélgﬂre 1lc,
; ' Y h |,C e
in e P Ll 5 RoP oS, SERLECS T THLPIAORE® glon
gated f£ctst amdl t heceaduaigot heabteuB aghich tespohserged in the

determ pnation and inter pretation. The thjrd, exenpl ar
body BEAPRERE To 17| UG ateR: | AVIPGaRE PE, 21 FOWATEn-PRE © the
vesYEBSE! tdwh SohOWNtndryevéieabhy, depbaysdeqekanogat fditi-

first multi -conductor cable 3 which Is subnerged in_
condpat ppdyakiesal ersgsrengeddirenchucyy weand spbperged in
the QUYL 0PSO LBe MESSSE dalAVErODRCOFOMBLEYEE! Bk

el ongat ed second multi - conductor cables
showw} pefidelde fmoht buoysddcaod sabiresged Bn thembodyedf by

ter 8 . One of each_.of the conductor ot. sho of
c1e¢BEST6T 1+ - Contuieror - Eotes s9SR3 4 E DGy phy BBOBY) R= 2
souBbEChE 0U8BeAnl St SQNNEEELENE O @hEEBLRhALE! ofNBheShEWRANctors
as a source of intermttent current . The others of

(nog hehewnluef oklze (Mot t shewnflugtorheakiipei 3. céhdageorermi-
nat&?b£ Sn Lpgl?rﬁégdtéigbﬁééﬁgsb¥ ?gﬂ'ﬂ8ggﬁkéﬁgnts of the
el ectrodes or neasurenents o e medl um responses
medﬁ@mdkéép@ﬂﬂésd&st@hﬁﬁsrénbndiEEaﬂeabeﬂramdtﬂéféeabaﬂ and
aiePLLAPCES L IOMANE, YOSPEL desafuPS A 0L TRALLON MY toring

system 6 is used for the determination of the positions of

the ship 1 and buoys 7 during surveying.

Figures 2a and 2b illustrate the possibility of distinguish-
ing between IP effects originating from shallow and deep tar-

gets. Parameters of the sections are:

Figure 2a: h; = 300 m,
pr = 0.3 Om (sea water),
h; = 1000 m,
p2; = 1 Om (sediments),
h; = 50 m,
p; = 40 Om (hydrocarbon layer),
pq = 1 Qm.

The curves 1, 2, 3 relate to a model without IP effect and

the curves 4, 5, 6 relate to a model with IP effect (charge-

12
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system6 is used for the determ nation of the
positions of the ship 1 and buoys 7 during surve ing .
WORIYISeS6 25 and 2b illustrate the possibilityP6f/NO2008/000446

di stinguish ing between I P effects originating from

shal  ow and deep tar gets. Paraneters of the sections

are: Figure 2a: i1 =300 m, pi = 0.3 Wn(sea water),
abiliZyw=ulGO® m),. P2 = 1 Wn (sedinents) , h3 = 50 m, p3 =

40 Whn (hydrocarbon layer) , p4 =1 Wn. The curves 1

.2, relate to del without I P effect and the
Flgucﬁ?r\?g)s: 4 %1,=6§Pglt)’3te to a nodel with IP effect

(charge -abiyl ity &y l)ses RiQUES 2b 0 1 1 =300 m p
i - 0.3 Wn{(sea water) , h 2 =300m p 2 =1 Wn
(sedinents) iz K 308 8O0 m " = 40 Wn (hydrocar bon

layer) , p4 =1 . The.curves,'1 , 2, 3 relate to a
nmodel wi t hod? T&%Weﬁe%ﬂﬂe]?tﬁ%)turves 4,5, 6
relate to apyodekownih IP effect (chargeability m=
0.1). The length of the transmtter line 2 is 300 m
and the re geivwed0 |fmelleviredatdgoni tayehk, transmitter
line2, 3, 3" d has a length equalling 1 m. The
di st ance of ’fhe t iver line fromthe seabed is 0 m
(curves 1, 4), 100 m(curves 2 , 5 ) and

The curves 1, 2, 3 relate to a model without IP effect and

the curves 4, 5, 6 relate to a model with IP effect (charge-

ability m = 0.1).

The length of the transmitter line 2 is 300 m and the re-

ceiver line coincides with the transmitter line 2, 3, 3' and
has a length equalling 1 m. The distance of the receiver line
from the seabed is 0 m (curves 1, 4), 100 m (curves 2, 5) and

300 m (curves 3, 6), resgpectively.

A vertical line 7 marks the beginning of IP effect (t = 0.6 s

in figure 2a and t = 0.11 & in figure 2b).

In figure 3 the arrows indicate the start and end points of
the surveying; and the reference numerals 1-4 are contours of

IP effect intensity anomalies.

According to the first exemplary embodiment of the present
invention only one line is used, forming a vertical, coincid-
ing set-up of the transmitter and receiver (figure la). Such
a set-up provides maximum sensitivity in the electromagnetic
field with respect to the resistive hydrocarbon target. The
vertical component of the electric field has maximum sensi-
tivity to the resistive targets (reservoirs). In addition the
coincidence of the transmitter and receiver lines provides

maximum amplitude in the measured IP fields.
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300 m(curves 3, 6), respectively. A vegtical L!ne 7
mar ks the beginning of IP effect (t = 0.6 s in figure
WOZ24094)§8p3¢ = 0911 s ign figure 2b) . In figure BCEAKW2008/000446
arrows indicate the start and end points of the
surveying; and the reference nunerals 1-4 are contours
of | P effect intensity anomalies. According to the
In fnodheax eiquifHgpmibod mentthef e epriesiententniventden used a

I nedine i.s used, form vertical, coincid.in
Pl 9% WSS A e LoD 18 At cal o colnel 4G
of Swelduatsets Wn HY indAS IMWEHAIBEAN DM d V5 IvhidE coincide

,.electromagnetic field with respect to the resistive
Withy @ SN arFEi t tre ey | EdiguespdnentThst lidnger away
theChReblike f 18l Nas T8I JRIMLEE N, i d &/ 'Std’Ly. L9 d hlte%ss sensitive
resistive targets (reservoirs) . In addition e
thegyoipgei doncehefl Lche lyriangs meisremddngy meckiaeld |dpwsial analy-

. _previ_des xj_rum-.anpl_i.t ude i.-n the measyred ] P
sisPd 83?ﬁer?r{gﬁ&qmuéarlec%ﬁﬁcg%ﬁ&l{éoﬂ‘e@fs%ﬁ?;p?refeéJe‘yﬁferent levels
giviesyehi @osari®ilsed PIdidlingti¢hiref tabledd N88 Gifects
different lengths in the formof conductors in the

cremied PyorGFere it Mesia fsagh the meiaredvianl slesineydying
resbbang iyt helil Red fHg lérs%illg]r% e tb e c%?%glero@v@ye tr%%ponding

receivér lines are fromt seabed , the less .
medgensitive they are for shall ow1ying respondi ng nedi a.
A spatial analy sis of a vertical electric field

r Lfferent,|levels.gives.the possifilit f
A Sgﬁ ?%nggfghﬁnéo%efﬁké%elge ?Peé?iﬁ%F%éF%ﬁ’ g edla ore-
atingspondiffigctrediaa heamadlee byeahed vard deeperind MGy +,

ding nedi,a and to estimate the depth of the
<ve?§§§%ﬁdﬁﬁ§enadilg. LAIYTRS| €20 8PnaE) o 3T tth@eb@aamg@e of
5 di dia cre ating |IP_effect gan he_ nmade
e ke de o1 Ca® o HEFab B0 puaRY i R Fing o ine - see
fighi-gupss %ﬁeaﬁ@n%QkaEgbntB%p?ﬁg%n%%n%np%lectromagnetic

field in a uniform medium is %=410"pt,/27 metres; the depth
Pry

of the model in figures 2a and 2b equals approximately 1000
m, respectively 400 m, close to real values, that is. There
are different ways of determining the time delay, for example
response measured from the area with IP effect, or construc-
tion of the response by the use of independent section pa-

rameters characterized by the absence of IP effect.

Still another configuration of the present invention consists
of a plurality of vertical transmitter and multi-core re-
ceiver lines 3, 3' spaced apart horizontally, deployed at
different distances from the seabed (figure 2¢), which gives
the possibility of suppressing the influence of shallow-lying
inhomogeneities creating local IP anomalies. The system of
spatially distributed measurements is, in some cases, able to
provide information on a depth of the targets creating IP ef-

fect.
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IP effect: tf 0.6 s - see figure 2a, and tf ~ 0.1 s -
see figure 2b. The penetration depth h of an
WO@P‘E’&‘PF%ﬁagnetl c field in a uniform medi um i s PRTANORH6BP00446
t0/2 netres; the depth of the nodel in figures 2a and
2b equal s approxi mately 1000 m, respectively 400 m,
close to real values, that is. There are different
The wajest eofredteenmi iguntp it den to et loelmye sdwr  axaapt fon which

onse neasured fromthe area with, | P effect
POV UM A BTETHEST eipafice B ihel fc Trsalify of
traﬂmwran&%&@m&a 1 anet afisi e AEt €swd@doPyrhdevessel

absence of IP effect. Still another confi guration of
1. "-ffh*?e Vﬁi@éﬁ@ntl i eHEPRPEE oI t i e P phimaldng/@F works in
tter and nulti-core re ceiver lines 3
a stdi; 'S%face angart hori zontal |y, depl oyed at different

di st ances fromthe seabed (figure 2c) , which gives
A capmupicesi b ithye ofreuppr ebstent ide vith usnsleibfet al. (RU

206 S inttl oo Rle LYSHor BT SOR 116095+ 01 B 17 GOk o ng coinci-

dentTBASIHLMENS! | Sor | thes WELEAEESE e8] Pe PEDVEHE and space-
i nformation on a depth of the targets creating IP ef

timg ;gqasupmangiet vk dehe orghioat | grmreneRe ¢f sSlptelectric
flewvs%m o ar}zgk%&gu rovi dese i ghy PRISOI SBNGE O ayffgyéﬂe lo-

y of transmtters and receiver ,
catimisc rasartshet ovexksdoly 1 his vessiig 1 prd‘hEdeMS}sJeinqlpally new

sgi%bo.pﬁtp.ekgltfro time to tine and/or works in rehing £
POSKYUtLS1Tp T8I WP A APl S0 ot - T ?ﬁ‘%s%%? thg tor
hyd#dbeidromvédd. Kashik et al . (RU 2069375 C, 1996)

shoms that the possibility of using coinci dent l'ines

, 31 for the transmtter and recejvers and
Ano"s*b%i% ST YRER (Rl PHISTHe RFeReLPR ch?rp%]ﬁ% nyayfof de-

cer SR T I St ST AR A 8 T 0

whichvne, ipran el sipre ncheaf dymuibav (1) . These parameters are

determined by a two-step procedure:

1) transformation of the measured wvertical, electric

field into apparent resistivity p%;

2) evaluation of interpretive parameters from minimum

of functional

N M
Zzwmm Ip:m _p;m I (2)

n=l m=l1

Here p,, is the measured apparent resistivity relevant for
the n-th time sample at the m-th location; N and M are the
total number of time samples, respectively locations, p,, is

the result of direct problem solution for gsome electrical

model of the medium containing a target producing IP effect;
wmn 18 the weight of the p; sample allowing accuracy of

data, a priori geological and geophysical information etc.
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°f ‘é@ﬁcgét@) atpl £asty ne glecir) caly w i\i%(z’th%xt: the

formng an el ec tromagnetic transmtter ich'emts
elemethmdgnempalsesrgy which is arranged to excite an

| tic field in.the bod 8) and
(nG8) | PRI CHRELECE3F = OHe Safe REHe o w3 4 a¢

bei mgaéﬁednésedeb%xﬁ@a\l.eﬁrlfx@r (F;asyr @rrentﬁpxaflﬂglan elec-
vertical conponent of the electric field,
pr oFFEMAGNEHE Fe ff FaRFR LS crhahd ekt ol td eledmanmensttic
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verﬁmslﬁlma thet bedyodyE whtwatdﬁ)(&hd un@eqiyﬂngwmad}um

o cUBF e FF Boryizendase i on 1t Rping T s & A0
ceiver for measurements of the vertical component of
the electric field;

b) providing survey data as the spatial distribution
of the vertical component of the electric field and
the medium response in the form apparent resistivity
versus time in the body of water (8);

¢) performing a space/time analysis of the vertical
component of the electric field and response with the
aim of detecting induced polarization effect and de-
termining its intensity and relaxation times; and

d) mapping the anomalous zones described by the char-
acteristics perspective of the induced polarization
effect for the exploration of an underground hydrocar-

bon reservoir.

The method according to claim 1, characteri-
zed 1imn that one conductor of a vertically de-
ployed multi-conductor cable (3, 3') is used, when
supplied with electromagnetic energy, as an electro-
magnetic transmitter exciting an electromagnetic field

in the body of water (8) and underlying medium (83),
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aim of detecting induced pol arization effect and de
termning its intensity and rel axation tines; and

WORRHIBR$0t he anonal ous zones described by thepgﬁ@ozoog/oomm

acteristics perspective of the induced polarization
effect for the exploration of an underground hydrocar
bon reservoir. 2 . The nmethod according to claiml , c
h aand atliere qoriduptmnds iofh thmtcalne cohdutor whiah are
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an e{m:Cct ra-dTRgRe] ids tFf ARSI LI EEXGhdd S\drdflents of the me-
el ectromagnetic field in the body of water (8) and

undeHUf FESRSEISEm (83) , and ot her conductors of the
cable (3, 3), which are of different I engths and are

Ler mnateqd e el RLFPUES do)crafth &L USED as d‘ ecel Eeésc -

for measurements of the ne di um response’ .
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receivers is/are stationary during neasurenents.
as receivers for measurements of the medium response.
The method according to claim 1, 2 or 3, cha -

racterized 1in that one or a plurality of

the receivers is/are stationary during measurements.

The method according to claim 1, 2 or 3, c¢c ha -
racterized 4in that one or a plurality of

the receivers is/are towed by a vessel (1).

The method according to any preceding claim, c¢ h a -
racterized 1in that the at least one trans-
mitter emits electromagnetic energy in the time domain
as an intermitted series of current pulses of differ-
ent polarities and with sharp terminations, and at
least one receiver makes measurements of time domain
responses during time lapses between consecutive cur-
rent pulses when the response is not masked by the

transmitter current.

The method according to any preceding claim, c h a -

racterized in that the duration of the
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5 . The nethod according to claiml1, 2 or 3, char a
t eri zedi nthat one or a plurality of the

C
WO2RPM8%BFs is/are towed by a vessel (1) . 6 . PFR&N02008/000446

nmet hod according to any preceding claim c¢c har act
eri zedi nthat the at |least one trans mtter

emts el ectronmagnetic energy in the tine donmain as an

i nt enrirehedpadéeees aall panrsent ipulspesidfiedi fiferemth a way
olarities and ,with sharp, term nations, d at leas

e hatorher e b AVACH b Rl AL Gt For The
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speemntised in such a way that there is provided a
penetration depth for the el ectronmagnetic field

ding two to three t; the depth .at
s B o= B, B o o POpigr R, apver-

r ang@g0brOmir§8eORYsIriRra3d et 2t s, 8c hAnSHIyayi-ng
apparatus, for the electromagnetic survey ing of marine
hydito€a¥bbr? fafget 5, Nc Hhalt Qg of woye [ gengrafers ar-

t ha 0 r r

cur FanEE e FoegeEptgte A NS ey
t er podatiiddesi shiahe shempe teathire td s ne/sitd egystdmd to
conpri si ng: ah | east one el ectrical wire (2, 3, 3')
mhi@hspémgFF& JEd S5 TER CBPECtT Si¥gneti ¢ energy in a

body of wateeak8) card cartrdesslly wigamad,um, (83)) andhdis is

ar arranged to emit electromagnetic energy in a body of
water (8) and an underlying medium (83) and is ar-
ranged to receive the vertical component of the elec-
tric field, at least one of the electrical wires (3,
3') being a multi-conductor cable (3, 3') deployed
vertically, at least one conductor being arranged to
excite, when supplied with electromagnetic energy from
a generator, an electromagnetic field in the body of
water (8) and the underlying medium (83), and other
conductors in the cable (3, 3'), which are of differ-
ent lengths and are terminated by electrodes (5), be-
ing arranged to receive a vertical component of the

electric field for registration of the medium re-

sponse.

A surface vessel, characterized in that
it carries a surveying apparatus in accordance with

claim 8.

10. A computer apparatus loaded with machine-readable in-

structions for the implementation of the method for an
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vertically, at |east one conductor being arranged to

excite, when supplied with el ectromagnetic energy from

a generator, an electromagnetic field in the body of

wat eile8yomndnehecusdervkyi ng mediondef@s) witdndnot peye of

conductors._in tge cable (3, 3 ') which are of differ

ent “I-8A8Ehe 5Rd’are terminated by el ectrodes (5) ,

bei ng arranged to receive a vertical conponent of the

electric field for registration of the mediumre

sponse . 9 . Asurface vessel, char acteri ze

di nthat it carries a surveying apparatus in

accordance with claim8. 10. A conputer apparatus

| oaded with machine -readable in structions for the

i mpl ementati on of the nmethod for anel ectromagnetic

survey in accordance wth any one of clains 1 to 7.
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