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A METHOD FOR HYDROCARBON RESERVO R MAPPI NG AND
APPARATUS FOR USE WHEN PERFORM NG THE METHOD The

w0 poogfosioeh regards a net hod ?pd appar atus for PEPNOR@6/000372
subsea hydrocarbon reservoirs, nore particularly by
using a transverse magnetic node (TM node) of an
el ectromagnetic field source to register a TMresponse
whi ch is nmeasured by one or nore receivers subnerged
in water, by the essentially vertically oriented
subnmerged transmtter generating intermttent electric
current pulses with sharply defined term nations, and
where an el ectromagnetic field generated by these
pul ses is nmeasured by the subnerged and essentially
vertically oriented receiver, in the interval when the
current in the electronmagnetic field source is
swi tched of f. The di stance between the antenna of the
el ectromagnetic field source and the receiver antenna
is smaller than the depth of the target object.
Sei snol ogy is a techni que commonly used when mappi ng
potential areas for oil prospecting. Seisnc data
provi des information on the existence, |ocation and
shape of a hydrocarbon structure |located in sedinents
in the ground. However, a seismc survey provides
i nformati on on the structure through registering the

» WESHEE) BBkl BRI A S TERIADGA ron
UsEd atsEnd eERFOGMINGY a@E mMEaficmbout the nature of the pore

fluids present in the structure. As for references,

pl ease refer to the conplete bibliography that foll ows
Théjy%G%% %%EP&%%%r%; %P%gt o} 1:ain%n'apparatus for mapping
subsea hydrocarbon reservoirs, more particularly by using a
transverse magnetic mode (TM mode) of an electromagnetic
field source to register a TM response which is measured by
one or more receivers submerged in water, by the essentially
vertically oriented submerged transmitter generating
intermittent electric current pulses with sharply defined
terminations, and where an electromagnetic field generated by
these pulses is measured by the submerged and essentially
vertically oriented receiver, in the interval when the
current in the electromagnetic field source is switched off.
The distance between the antenna of the electromagnetic field

source and the receiver antenna is smaller than the depth of

the target object.

Seismology is a technigque commonly used when mapping
potential areas for oil prospecting. Seismic data provides
information on the existence, location and shape of a

hydrocarbon structure located in sediments in the ground.
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Marine prospecting wells are drilled to determ ne

whet her there are hydrocarbons present in the form of
wW@erdi070530g8s, but the costs a§sociated wi t h t hi BCEN©2006/000372

very high and there are no guarantees of finding.

hydrocarbons in the structures drilled. In this

si t uat .essential ad I 0 t he
Hou R s BTG FELdFor Ve he R i oy B e
s t rek@elre0 FRgHRIghC x(eg-Mstléeﬁan@diheleelbmthalofamiasqu e&lves
geoel ectric nodel of an qffshore sedlnent &)ucg#
TeSPOREAVE H§ &NCeTECRSICEF RFPPECAHSSN &El%éu surtace

rockEPr esented %%1%?1‘%@“ Qita't\ée daldf n%ﬁ;a(i%%eﬁﬁv @A dRHRIC @lhe

resistivity of , Where an encapsul ated thin
natuesi sifi vheoiporer fdad deomraiseingg imayde wtehckuds -ckness

of 10-100 mhas a resistivity of 20-100 Wn . The

typi cal depth of the resistive layer is approxi mately

As %%9 %%Q%r@nce-ghe A S%E'PesfeQ:r & LA %%“gﬁof O%f.bld.osqraphy

conductive seavater ing a resistivit

thaWnfo l&@mmldheaﬁeg@mlmnm tofveha rinvEme igreat er
resistivity of the hydrocarbon bearing reservoirs is
used in all electromagnetic nethods of prospecting for

drocarbon .as th at of t.he
war S SRREIT Y Lt R A BB e R ot df wmetner
ther® areeiyddvaurbeeished dised ext i \Rh IdT El\ﬂl or gas, but
appllcatlons on shore. Sone tinmes the MI nmethod.is
theyses ﬁo@sﬁ@qlﬁé%m%%ﬁ% arﬁwé’eW’ refodnrsddigre are no

guai iy s Qﬁpqg_ fdﬂéf%ﬁ? | el G res drilled.
i nteraction etme the main
In g@amagn&pa&akmel@ssamtﬂaimaﬂéuhunnah)AnﬂCHMﬁ;ﬂWh about the
OI)&”E?% PII%.%d ﬁgdt [ esgee%trv(s%.grr {Il}eag/!s% ! V :Lne%p%r borlec reorrﬁc’ag}netlc

(EM) methods.

The typical and simplest geoelectric model of an offshore
sedimentary structure containing a reservoir of hydrocarbons
can be represented as conductive half-spaces having a typical
resistivity of 1-2 Om, where an encapsulated thin resistive
oil or gas containing layer with a thickness of 10-100 m has
a resistivity of 20-100 Qm. The typical depth of the
resistive layer is approximately 500-5000 m. The sediments
are covered by more conductive seawater having a resistivity
of 0.25-0.3 Om, as well as non-conductive air. The greater
resistivity of the hydrocarbon bearing reservoirs is used in
all electromagnetic methods of prospecting for hydrocarbons

as the principal indicator of the presence of oil and gas.

Magnetotelluric (MT) survey is a well known method used
extensively in EM applications on shore. Some times the MT

method is used for marine applications. The MT method uses



10

15 ¢

20

25

30

of the MI field. A magnetotelluric field is a flat

wave that falls fromthe atnosphere and propagates
waenrviossakiy through the earth as TE fiel ds ( TBPGI/NO2006/000372

transverse electric) It is well known that the TE

field is insensitive to a thin horizontal resistive

e Bl T PR BB DR g T T FR0E PR R S SR O ot

intklrattednupetivacAnebnerEvi pdoapdcthrgmbdn bhydmagarhdns
. . _Unlike the MI met hod, CSEM based nethods (Controlled
fiekdyrce El ectromagneti ¢ Met hod) use both TE fiel ds
(occasionally called inductive node) and TM
(transverse magnetic) fields (occasionally called

Thegﬂbwaﬁéﬁsﬂﬁﬁﬁﬁtg ceEMheetfrodetabe thehmeskpbeequent |y
used in marine EM prospecting, as they are nore

reSééﬁéV?l bdrgcarbpin leneaps iFafERlrdsrs:t PYe they Broperties
&fﬁgeﬁae&arpgegggheﬂa% 19f-CoEW: mBighads a@qa£8%%ve that

ependi ng on pes of transmtter and receiver.
fallheffomlohengtmbb@hEeenahdapsmpagameandem@aeﬁﬂéy through
e0|gles t he sour.ce and dﬁtector of elec

ther BRFES. S80f SROLRE diPsri RGoD8UHRE SRECHFRGar: dted® oLl

knoll thatf ehkowngi cThe 18D3hse0BNBAVESEY sy $hems hotidsatal
consi st of a horizontal cable that receives a heavy

respbbévei éayekr encapsudasett far f Morke coaBlus thaengtructure.
Thifl § Boiﬁﬁugﬁrgkeﬁyggﬁ%mﬁe%%@ £ @dnﬁo'gegg%a' £l %Ctl'&&rﬁted

recei versTinsta € Sseéa er ent
useduﬁtﬁaﬁéﬁefEMHpEbepbbaﬁﬁglEberhyﬁmohax%@hﬁns can

ei ther be permanently installed on the seabed over a

measuring period, or they can be towed behind a

001 E5e bPani: EbPoRag et "EORpoAE T EoDY LRE R Gource

ElelBesRagnstens M@@m‘o@st uek dothangniftitarst hakceetisnip 1y
called inductive mode) and T™ (transverse magnetic) fields
(occasionally called galvanic mode). CSEM methods are the
most frequently used in marine EM prospecting, as they are
more sensitive to a thin encapsulated resistive layer.
Different forms (set-ups) of CSEM methods are used, depending
on the types of transmitter and receiver. In the following,
the term transmitter and receiver specifies the source and
detector of electromagnetic fields. Some of the existing set-

ups are illustrated in the following.

The most common CSEM systems in use consist of a horizontal
cable that receives a heavy electric current (transmitter),
the cable being disposed on or by the seabed, and horizontal
electric receivers installed on or by the seabed at different
distances from the transmitter. Such systems can either be
permanently installed on the seabed over a measuring period,

or they can be towed behind a vessel. In some set-ups they
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a strong alternating current in a subsea cable, and a
set of receivers that perform neasurenents of
web@cosoengnetic fields in the frequency or tiPE&I/NO2006/000372
domai n. The nost i nportant aracteristic of such
~systens is the requirement for a great offset between
the transmtter and the receivers, 5-1Q tines th
2T e85 PRI SFa e oo SIS (o TAY PR geR TS of the
EM Gaedidli onsseaRyvishenshiendiing efff ectcrehdnlia reeawaiar degrs up

suppressed and a suitable signal neasured.
a SEEPrHe PAEEERAEENG IUIFEnY [1is fr SUEFSHFelGRLS n P& issd of

red2qReQf (hhe &6 $JA0 mpelauRidhal AMUIQEERERRME « fields
%SEM

set-ups can provide the resolution required to
in wheoerecmetcoxan fenehaldnadmocar bon bearing t ar get
areas encapsul ated at depths of nore than 3000 m, nor
the resolution required in those cases where the

thi AV of. .t . .
et BEE SRRt R S ALY U
recalilremenst iflog ianveriato st fzase betveenCHEM Setengmi ther and

obj ect, of the invention is to rene or_ reduce .at
they SESRITRE “of DY GrRRAEE GRHRT o & (- B ot et 560
km . 2@R16V egh i eugh J ealiias At ithd hedastiiPptd et of
bel ow and in the follow ng clains. The invention
thedsserialies dencrdprapstasnacvhs stiifglife $igsteHodeniired.
apparatus for el ectromagnetic prospecting for the
pur pose of |ocating a reservoir, examning its

Furg:%%%torr ,ands dahar mAing Whethely therg, are, practice none
hydrocarbons or water i n the reservoir. The nethod can
of alhso exe. séuipigo et -up st Hthadr empdny ithse gdoms IGSEM eset-ups
known .fro seisn%ﬁ.%g_other dat a. The ai m_of t@ﬁa examine
can, PrSYIEE iThiFe MGG U Fb TR &St YR dBoiFs 2 xamin
the hydrocarbon bearing target areas encapsulated at depths
of more than 3000 m, nor the resolution required in those
cases where the thickness and resistivity of the hydrocarbon
layer is insufficient. This limitation is the main drawback

of all existing inventions based on a CSEM set-up.

The object of the invention is to remedy or reduce at least

one of the drawbacks of prior art.

The object is achieved through features stated in the

description below and in the following claims.

The invention describes a novel system consisting of a method
and apparatus for electromagnetic prospecting for the purpose
of locating a reservoir, examining its geometry and
determining whether there are hydrocarbons or water in the
reservoir. The method can also be employed if the area and

its geometry are known from seismic or other data.
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al so at depths exceeding 3000 m, increase the
resolution of the results produced by an

webk@chsoengneti ¢ nmet hod of prsospecti ng for hydrODNOR@G/000372
bearing targets, and to incfease the efficiency of the
survey. To achieve success it is suggested that

e tr etic field d:an [ A I [ .
hePh 5 PATRARELL BRI AR UREC LY, LholIE 0nL KRG or
alswi bR Ceppiet ckeeckedingt BVE Ot ar, géhsreacapshlecatretolmtdon of

nore conductive stratum The exanpl es .bel il trat
they ﬁ@sagt\';gnpgg’éuaedt e pto §§&Wﬁ\%ﬁﬁi&ﬁ. m%\g@:?néd i%%gIr ? oe

pro%p%b%%hga%9§cEy@&oh%%ﬂo&y%ﬁk&ﬁ&gtﬁ%&@eﬁ%,p@@d ded idicrease
novel method of uncovering a reservoir and its nature.
theThif€ ipdehod odnshst survesxcloi RghrafTenBas\@SSTg 1t 18

el ectr0 neti.-c fiel l.el \.i M de | i
suofsRbel TRAL §18c e SR 8 il PV IRTR RAINEaY, i che
galRahpestodie daive fiidel)ngwhiehehest the propentd esnefi ttive ty

~section and the resistance of the | ayer containing the
withe SEFPEICE, tand SEHETENP itRL Ifkty @&Caxzsme% i B MO S

conSBeRN ARG uhe THAY @3N cde $N1IRe S 18R ARRA AR
arranged to uncover a reservoir and its nature, which

adveonsigst ©f rthge peopoiseg dmyamsdsir-i ng el ect romagneti c
fields solely in the TM node in the subsea strata and
subsequent data processing for the purpose of

Acc %téﬁgl ) g, the gl %}:sgélcct ROReld 116:,f itdhe $Ratd oy and
the T €sistancé of t ayer containing the reservoir,
proafidedher elowelt siatitod @f Artdoived iagpectregfertpeir and its

et RSN BLOBOSE LS e of 20 9000 Sflpnrring
electromagnetic fields solely in TM mode induced in subsea
strata, data processing and analysis for the purpose of
determining the electric properties of the section and the
resistance of the layer containing the reservoir, and thereby

its nature.

According to a second aspect the invention describes an
apparatus arranged to uncover a reservoir and its nature,
which consists in generating and measuring electromagnetic
fields solely in the TM mode in the subsea strata and
subsequent data processing for the purpose of determining the
electric properties of the section and the resistance of the

layer containing the reservoir, and thereby its nature.

A third aspect of the invention proposes the use of an
elongated, essentially vertically oriented electromagnetic
field source, also termed a transmitter, to excite
electromagnetic fields solely in the TM mode, at least one

pair of transmitter electrodes arranged above each other
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field source, also terned a transmtter, to excite
el ectromagnetic fields solely in the TM node, at | east
wo@p@7psdoes of transmtter el egtrodes arranged abOVSO2@6/000372
ot her bei ng supplied with heavy current froma power
source, via insulated cables, the transmtter
.el ectrodes -al l.ow rr 0 syr di
beifi gu?@?}egugﬁ%glgggn nf??Eeh% R33H g P%@%r WILLQYRC! O 5

Sseawa er excites efFectromagnetic

instilekds sabeky,i rhtcherdNcmideesri plketirpdetally ourinborcmrrent

stratified structures. According to a fourth aspect of
Lo PRES| fPehPPoR RO UPFARINTERUR tGEner s @ transmitter

exctkest LepRgnehibenbigld rRuhsies swhkhShar phy def ide@d, in
term nations and with intervals ere the power is
horgwpnthddyothifome, t ssmetiified phirvetdirssl-aying the
shortest possible rise tinme froma base value to a
requi red maxi num val ue, a maxi mum stability near the
L alu t e gh e ol e fall. ti
e Tl S N LB R S S
gentortasseferakronbeneepredikydt pbelseceinieh, shheply defined

transpitter puls form ng._t he basis_for processin
Cerl A APBFp FBLAPT R OF CSTGRAFS WPBE G Rig PG e Svitohed
of FSURYRY @dadbiitlure pulle BeESN¥eh neathice shoH: Js@SPRREA ble

nmeasurenents of the el ectronagnetic field in the

risgbsénee fopmt he bpsierapy Ul dloda Acebidieng Mesiaun fMedue, a
C .the_Jjnoventi ' f e.or
naoFRBACHE et B SR 518, HBR ki BT, oS RS,
shoreesivebssibipr ifaillg tieandaakr angetict basegivetlers .a Thus, a
field potential, difference acrgss the |engt he

reipPEEBrPers PEPVHERSUPHg3a 54886md &P_;?eﬁfﬁéip&%dnh bgf{w_é‘—
reclggggg:,'gg‘lél%mtﬁgﬁ%ﬂlﬂﬁetrh Bulges YehmliBioPRow dadiW tHyat
processing and interpretation of signals returning from the
surveyed structure. The receiver carries out response
measurements of the electromagnetic field in the absence of

the primary field.

According to a fifth aspect of the invention use is made of
one or more submerged, essentially vertically oriented,

elongated receivers comprising means arranged to register a

field potential difference across the length of the receiver,

for measuring a secondary field in the T mode.
Advantageously the receiver is provided with at least one

pair of receiver electrodes arranged above each other.

According to a sixth aspect of the invention a distance R
(offset) between the transmitter and the receiver is small
enough to produce an induction zone condition.

An induction zone is characterized in that the condition

0 < R <(tpa(t)/mo)t? applies. Here, t is the time lag from
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pair of receiver electrodes arranged above each other.
According to a sixth aspect of the invention a

waele@rasmoes R (of fset) between ,7t he transm tter aPdI/ND2006/000372
receiver is small enough to ‘produce an induction zone
condition An induction zone is characterized in that

d t 1/2 I, ] t
th on %hg ngegr Rﬁ%ﬁ%@ﬁ% F%% po&%%ptg%%w Hﬂ?%f

Ho= onxﬁloﬁ Hhﬁl sansgnetdlc, pmedpiQityHod vacumgnetd,Cis the
perneability of vacyum, pa is the aver %§U§l arent)
averggest ppPpyest) a TEFESEANEGM Wi &h SyPSET qﬁtﬁ? time

t e‘xﬁ%&%@e thes egﬂ%e x%%pb?l%es WV eyed (ohQ8g 3 eli®y RdtSon, R
the horizontal distance (offset) . According to a

is sbeehvhriaopsefl Jfi sthocenVerdtiiset,) .several receivers may
be used for the neasurenents, optionally synchronous
nmeasurenents, in order to increase the efficiency of

Acc%ggli FYeY s %%%%E%hﬂ%s %c%no%'Q%%hrﬁvéﬁﬂiéﬁ tgg%eral

I'nven |on transmtter generateées a specl
rece&qeescmagfb&quaed‘m@hse$miﬂ@asmmem@mtextemWMOnamkﬁx

Eﬁ ul se se uence beln |nc herent with the nois ..
SYReRE OREHSFEE PEERERE Yoo ITFESEST 4N @ificiency
of WRRANviakue . calculated Accordlng to a ninth aspect of
the invention, one or nore fixed narine autononpus
botton1stat|ons noni tor the vari ations of the
netotelluric field in order to reduce the MI noi se
ACCpﬁ%ﬂ

RE ESERPNEAShtEMmBsPSCtACotdiend Ve 4 itént IFhSspect
traﬂgﬁ% %eknﬁ%ﬂEEQQespre%%%ﬁéaie%%%ﬁ%nﬁ% M5&dnidte pulses to

ination wth electrodes to reduce the wave an
supgpwells pgitsenad nbé s€SENMhee psilisemersience being incocherent
with the noise. The measured responses are then accumulated

and the mean value calculated.

According to a ninth aspect of the invention, one or more
fixed marine autonomous bottom stations monitor the
variations of the magnetotelluric field in order to reduce

the MT noise in the CSEM measurements.

According to a tenth aspect of the invention, pressure
sensors are used in combination with electrodes to reduce the

wave and swell noise in the CSEM measurements.

According to an eleventh aspect of the invention, the
response functions undergo a series of transforms and
inversions with subsequent construction of 1D, 2D, 2%D and 3D

images, T (x,v) and o (x,y,z) of the stratum.

According to a twelfth aspect of the invention, all other
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According to an el eventh aspect of the invention, the
response functions undergo a series of transforns and

WO pwensioohs wi th subsequent %onstruction of | DPCENP2006/000372
2/-D and 3D images, T (x,y) and s (x,y,z) of the
stratum According to a twelfth aspect of the

tiaon, .all her avai | a eol ogi-ca n .
avay AR SRR B PR o cr B R E A S e e PRE P e
dur&h@QEhénﬁlhhﬁldgt@tbgan&hdrﬁﬁéldatandrdab&okmaedshoand
stage of .the analysis and interpretation, in ordﬁr to

datAninESSE.iPHoSFBEE! OF sheaRrBadiSnsi 6uSRESEPERtROn, 1in

ordéEVHBtHhér%Bs@ %ﬁétkggolé%SBhdhﬂa LeaRLEBLGLERBER of the
aspect of the invention, all steps of thé survey, i.e.

strsgtvey pfamnsegtidata anaIyS|s anal ysis and infl uence
of the shore line, terrain reliefs on the seabed, the
heterogeneity of the sedinents and oil reservoirs

s g e i NGl f
Accgkﬁlgg and?g%rkégg Pi%&?g%ﬁeg%rﬁgglgggeﬂ ggg o%@l Steps
of phesentvegvemtepnsurweyaﬂianhaggs dadatheady&wbacbsad&s1s

pri art used_jn ri ne_el ectronmagnetic Qs ecti
andy SPEAYRRGEAPBORES RPPESLAcHRe EPAPR TPRGRIERED I
seabll 0vhBInLA@EEbLBhESROL L BBl BXBAKLARS whacalae&eeerVOIrs
to the appended draw ngs, in which: Fig. 1 depicts the

etcMr wikvesof or lehgcapparant 1neddei Fhey use Ofe 1ur RRoe 24D
0 for a typical nodel of the strata with and
and Eph 9%a reglstlve thin target layer; Pig. 2 depicts
t he phase-MI' curves at the surface of the sea, for a
typi cal nodel of the strata with and
The principal ideas of the present invention, its advantages

and the drawbacks of prior art used in marine electromagnetic
prospecting for hydrocarbons, will become apparent from the
following description of the invention, which refers to the

appended drawings, in which:

Fig. 1 depicts the MT curves for the apparent resistivity
at the surface of the sea, for a typical model of
the strata with and without a resistive, thin

target layer;

Fig. 2 depicts the phase-MT curves at the surface of the
sea, for a typical model of the strata with and

without a resistive, thin target layer;

Fig. 3 depicts the MT curves for the apparent resistivity
on the seabed, for a typical model of the strata

with and without a resistive, thin target layer;
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wi thout a resistive, thin target layer; Pig. 3 depicts
the MI curves for the apparent resistivity on the
w@eabesB02f or a typical nodel ,of the strata w tPCENG2006/000372
wi thout a resistive, thin target l|layer;Fig. 4 depicts
t he phase-MI curves on the seabed, for a typical node
. _of ,the gtrat Lth apd_w tho esl.stiye et
Fithin | a8 CFPoLPS BABPECA L RETTSH oA CRSERPABE gnSoT @
used fotypaeknemENEpr 6spehti sgrathgwibhdepiciréthbet a
resol ution of voltage curves for PxEx(f)- and PxEx(t)
set-upsr?ﬁlFFéﬁ@enE?rGFEOFPl?Eiagﬁﬁ7tine donmi ns; Fig.
7 depicts the resolution of curves for apparent
resistivity for PxEx(f)- and PxEx(t) set-ups in the
Fighrequengyyf EEQ, Ehé‘z):y?ﬂgalll oBE#OABEN§hsFli8edB8fo@pngk$ne EM
a di agram of shapes of current waves present in
di f f er epropbPaeEsnPn t he system according to the
invention; Fig. 9 depicts the resolution of curves for
apparent resistivity for a systemaccording to the

FigR’ gsent dggyeegi Qﬂgf RLsBh GELHAMBENGLN C0Ef 800U8s for
surveys; FlIg. 10 depicts the resolution of the voltage
curves PeExdf$yster asEmltd) ngetoubrheipr &éseqtenavent i on

for electr gnetic_aqffshore surveys; Fig. 11 depicts
a schen&%rgvgigésvﬁgé'gFm§n88WFéﬁ§énent of transnitter
and receivers in a systemaccording to the present

i nvention for electromagnetic offshore
Fig. 7 depicts the resolution of curves for apparent

resistivity for PxEx(f)- and PxEx(t) set-ups in the

fregquency (f=0,1 Hz) and time domains;

Fig. 8 depicts a diagram of shapes of current waves
present in different places in the system according

to the invention;

Fig. 9 depicts the resolution of curves for apparent
resistivity for a system according to the present

invention for electromagnetic offshore surveys;

Fig. 10 depicts the resolution of the voltage curves for a
system according to the present invention for

electromagnetic offshore surveys;

Fig. 11 depicts a schematic side view of an arrangement of
transmitter and receivers in a system according to
the present invention for electromagnetic offshore

surveys;
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surveys ;Fig. 12 depicts a schematic bl ock di agram of
a power supply unit; Fig. 13 depicts a schematic bl ock

walr@gossnedf a receiver unit nd Fig. 14 depi CPGI/N02006/000372
schematic plan view of an aV?angenent of transmtter
and receivers in a systen1according to the present

. Inyenti 0 eIect net fghore_surveys_. The

Figuel? knORRREGnEt SERFTFFE PR “ear 0daerhod PevEgeq ppLy

extensiuMghiy;in electronagnetlc surveys on shore, and:
someti mes of fshore. The results of an MI survey are
normal |y presented in the form of apparent resistivity

.. P and i npedance pha . Figures 1-4 in t
PG SOmpatobhG ar AP RBSTEhhF CRLPRFSLRHFE RE PeSBFEEVER
of the prgpetghgl | uric nmethod, show curves both for
appar ent reS|st|V|ty and |npedance phase for two basic
nDdeIs of the strata: 1 ) hc=1 kn1 P1= 0.3 Wn, h2 =
p2 =1 Wn, h3 =40 m, p3 =1 Wn, p4 =1 Wnand
Flgz )’L4h —depkfits pa=Sghemekic h3em ViRy B3 anjapkpnogment of
40 m, §ansﬁ%t¥@t aR4 feéeYWbrﬁThﬁ Eipskrandageeehdng to

model s escrl e section wthout a resistive targe
| ayer (sbecmkeedntréheershtenntdel &)eahdomppheatihi pfishore
resistive layer (la3 =40 m, r3 = 50 Wn) and
enul at eg" ﬁyﬁ%ﬁCarbon target, respectively. The
resistivity of seawater and sedi nents are accepted as
equal .to 0.3 Wnand 1 Wn,

The well known magnetotellurlc (MT) survey method is used

extensively in electromagnetic surveys on shore, and
sometimes offshore. The results of an MT survey are normally
presented in the form of apparent resistivity pq and

impedance phase.

Figures 1-4 in the accompanying drawings, which illustrate
the resolution of the magnetotelluric method, show curves
both for apparent resistivity and impedance phase for two

basic models of the strata:

1) hy= 1 km, p3= 0.3 Qm, hy = 1km, py = 1 Qm, hy = 40 m, p3 = 1
Qm, p4:lQm

and

2) h1=lkm, p1=0.3§2m, h2=lkm, p2=lQm, h3=40m, Py =

SOQm, p4=lQm.

The first and second models describe the section without a

resistive target layer (so-called “reference model”) and with
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respectively. The dashed and solid curves correspond
to sections w thout and wi th hydrocarbon bearing
WO 20021053025 especti vely . Figqggs 1 and 2 show CRET/EO2006/000372
representing the apparent resistivity and i npedance
phase at the surface of the sea, for the above

escri bed nmodels. As n be, seen, the fect of .t
@ Ry oEBEBON TRy dPVEE dB sratD (1688 T i i) B filaced
hydRaegkyohe tdetee!, akkepagaineliyt hehbaekgieuiding o€ sHamater
resol ution of MI curves may be inproved by perform ng
and; FedfimeREss BEENBRCEPAES RE §8MBdd FoFOgdr €8 §1ghd 4.

res?@%e\e'é.%&gﬁs THEPEESenl 09 4t ke 1apPakeRk el eshsispiohy ard
npedancé phase at the seabed, for the sane nobdel s.
seckhdeedwitheuM apdr weshohytire ceedlond bare imor é ayemsiti ve

to a.resistive target (in the order of 3% , but their
respgg%py#ﬁgh is still rather low Furthernore, the

primary EMfield will in this case be shiel ded by

conductive seawater, such that the accuracy when
Figtetker 0 Bindg 2MEhioes tuttiege  cips emetit ingweheo mpdaerent

seabed, as conpared with the surface of the s

.. . Ov
resdediAltYdE08d eSPRFCEUSTETS s Hiay §UFEETSD Pds e g{ea '
forMineh JRAVe RrerAased st hads Lhatod Relawde the effect of

el ectromagnetic sources (CSEM for narine
theappldirogeirtes. 1Hyermdst ssopradrl syssenghamatl ®0aspdo barely

d for .marine_sur s.ar in .Ei 5 :
be FRREssRR Rrdh et YR PR (BB b resqlution of
MT ich@ivedt el ars Aindrerednthy eeaifvaminbhetd MIt meedurements
second letters, Eor H, on the lines indicate .
at &hec SO FeGvESSc 3f ia_éldd 4 SROBh EME VS iR S5\Prf ing the
apﬂéf@%%ﬂﬂé§y7tfy¥%ﬁj¥%éIﬂdﬁé&ﬁﬂ%e phase at the seabed, for

the same models. Indeed, the MT curves on the seabed are more
sensitive to a resistive target (in the order of 3%), but
their resolution is still rather low. Furthermore, the
primary EM field will in this case be shielded by conductive
seawater, such that the accuracy when determining MT test
curves is much lower on the seabed, as compared with the

surface of the sea.

Over several decades, various systems have been presented,
which have been baged on methods that include electromagnetic
sources (CSEM) for marine applications. The most popular
systems that can be used for marine surveys are shown in
Figure 5 (Cheesman et al., 1987). Here, the Tx and Rx columns
indicate transmitter and receiver. The first and second
letters, E or H, on the lines indicate electric or magnetic
field component excited by a transmitter, and the third and
fourth letters of the lines indicate electric or magnetic

field component measured by a receiver. Occasionally, the
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fourth letters of the lines indicate electric or
magnetic field conponent neasured by a receiver.
w@ewassoeal |y, theEzHf set-qﬁz(Edmards et al .PCT/863)06/000372
is also used. (Here, z and indicate the vertica
conmponent and the azinmuth conponent of the horizontal
ic f

e fLHREL L, By R Vot Tl BIYETES Mrere, = ans

) mmewtewmfe GCeeMi el hedapasenel bnds ey aalimhehf @um@omnt
Chave et al 1991. Figure_ 6 and 7 shqw
of £BeohgriigANGRLt ﬁ@gﬁ&@&lcpéa@ﬂ% EREReSELVE Y( (ETBIShEYSten

is ﬁb&ssuggga) MG QY &k %Feat é@%%hnghﬁn%%&p@Et@

ers) tor a CSEM nethod in frequency and in
ovetVWBWdoﬁaCSﬁM méh@@dﬁo@§ vedili asaMhodel beudeynfoin khave
n#g%gons are the sane nodels 1 and 2 as used for
delling. Evidently , this CSEM net hod has a
higher resol ution conpared with the MI nethod: 25% and
15% for the frequency and tine domains, respectively.
Flguaweaeandag ehnwb&hsee&sbﬂuﬂﬁ%hgoﬁet&e molse wegsilegd EXEx

et rBORFAREEEP RhcPavol DL dvehPrREaEes Sherd Thd 004

Joha%éﬁntetl R1t.he soansmd beherisne fios as cxeh M@ h0Q nA
and the transmitter antenna is several hundred neters.

frewencyusnds fal It igiegdama ingoi Shegenorat 66y onalumedels
use%”%oér LhET elglo Saurn ?1% GRS EnR %gh\%”'?no'd;%n'éh% %?1%! >25 % used

nterpre ation of thé surve the C
fof\/\:ﬁh@ Mirembandvens e Bvdsiesitdyce mhltshesmy/ﬂmmarokﬂomas a

okt resaigian Lhageu o1l L g CSEM e s con 4
forr%ﬁélE%e%ﬁeb%%yaﬁﬁVtﬁ&&g@Eﬁmﬁh&@n%%%%é@%$#é$§. However, as
can be seen from Figure 6, the measured signal is very small,
and it may be less than fractions of microvolts, even in
cases were the current in the transmitter line is as much as
1000 A and the transmitter antenna is several hundred meters.
With such small signals, noise generated by natural and
artificial sources cause problems in the analysis and
interpretation of the survey data. In the case when the
transverse resistance of the hydrocarbon layer is not high
enough, ekisting CSEM methods can not produce any results,
they may produce ambiguous results or they may produce

erroneous results.

A novel method proposed in the current invention differs from
all known methods in that it exhibits a higher sensitivity
and resolution with respect to a resistive, thin layer which
is a direct indicator of the presence of hydrocarbon targets.
Beyond this, this method, in combination with the proposed

apparatus, provides higher survey efficiency.
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A novel nethod proposed in the current invention

differs fromall known nethods in that it exhibits a
whe@hessosensi tivity and resol ution wth respecPCT/F02006/000372

resistive, thin |ayer whi chl?s a direct indicator of

the presence of hydrocarbon targets. Beyond this, this

~method, in conbination with the proposed appar
L N I AR R o
pri%%gg'%ﬁéﬁ%@&mé@ﬂéﬁf&nff@ga;zgéﬁ@}dﬂédIB?fﬁﬂd“ﬂnansmitter'

dE(;fgmzroma\gnetl c fi %}d@generat.ed by thhe t,ransm,tteea/éﬂ/
an oreareasTEeEn & reqedyEtre MR iS ACHEN

by using a | on su r [ - rt
w13 Andeaoel SOTSRAREL 1T T TE T Sgur o8 ania o haed
ele:dta_,:r&rra_g:ﬂee:rt icalrﬁi@miaasce;@e tamr erera icoaldnarspEidder antenna,

ransmtter el ectrodes 1108 arr,anged above each .ot her,

e. her@ih e cAlly sharsf ttrn%ﬁ%srﬁjtttr%r &1 elschl(a‘ds]&e

1 LRI o IR SOUTLE Mirh AR 881 so itrmed
5T nsmatter el ectrode acting as an anodseO and t?ﬁe ot her |
treassral tath ash leandvitivh tisammnedied e mP e FHES Via

uare pulses for excitati fiel '
B S apUl s Lor, Xl AL ARl RSP d SEM Ang e
otHEClY e @nenna, 4iel ettaftminahiso deraredenet efeeeiving
cable, e.g. two vertically spaced_receiver el ectrodes

ST gEE S RRE GHEH GLRT 3lor=f HEL ¢ HLei vors a2, and a
su%ﬁ?? éé?migﬁb{Tﬁé%ﬁﬁ%&éfdyfwéféﬁéﬁmi§ b Sn Vel tr&ddiver

nent ( _ectrlcfield. Thptransmtter field
antsénrengthene inabeeyi akso byerhed ampteiveie eFblide ¥ r eh¥©

pul se ( ere). and the s ing b
R e L P s
otISEE] | A SHEH BeSOLVEE’ i théa Ot mexcs tef Edbtemtislin

~the TM node. TM nodes that are insepsitive to thin_,
difieirenise i@y@rgexﬁlcal component of the electric field.

The transmitter field strength will be given by the amplitude
of the current pulse (Ampere) and the spacing between the
transmitting electrodes. In a horizontally uniform section
such a source will only excite EM fields in the TM mode. TM
modes that are insensitive to thin, resistive layers in
sections are completely absent, and will not reduce an

appropriate signal level.

Secondly, the transmitter cable is supplied with pulsed
current as shown in Figure 8, curve 81. Note that a real
signal (curve 82) deviates from the ideal shape described by
curve 81 due to the influence of technical limitations of the
real system. The response measurements are displayved by the
receiver cable in the time domain after the current in the
transmitter has been switched off. This type of arrangement
will provide measurements of the EM field only, induced into

the strata by the diminishing currents from the background
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sections are conpletely absent, and will not reduce an
appropriate signal level. Secondly, the transmtter
W@ 27053085 suppl i ed with puls ‘g current as showpCT/NO2006/000372
Figure 8 , curve 81. Note tHat a real signal (curve
82) deviates fromthe ideal shape described by curve
ue.to the influence_ of . tecgg I|n1tat&ons of
260 o

81
WhePhEgFegFagﬁ?ﬁgﬁ]erTﬁngggl ofife? mentsare °

accépspbagedibyathactesakked bgbkepirimbhe tiseddomain
after the current in the transmtter has been sw tched
off. This type of arrangenent will provide

, surepents of the EMfield only, induced_into
Thi By 0 BSOS CPRERFOlPrG ST L PoTEn 5ransmlf%er and
rece%%gr eunduhertthe tbr 8asMekkekhaur ﬁ:ﬁ%t sugvals erbtH, -
an acceptabl e signal not nasgf by a primary
S

Whefll éﬁé CPRAgRPR Ohe @i Stdreét R pof eﬁgplﬁétﬁ/\eé?hltfhe
dlsli: %@%m k&%ﬁzgagghrcﬁ‘ée"‘\_{ﬁ%m%l% | gehed tqn %_efglv%%s ?q

Re sur vey e“condi'tio
cha@hbtéﬁﬁkthasapﬁltas m@hhsddbshamderabﬂgwnaas1thmakes it
i nducti on zone" roves the %har cteris #gs of .t he

DOSRAPAGA LeoHEPIBTRINE 4LoPE Effik el 108s ¥ite Sg L L

dlsﬁﬁﬁéééewh@§etEﬁ@SEQQnEQnQE'%Qr@h hesBRlbh @oSthadcasle an
where the signal is strong enough to provide an

accaptepilabkeovpdrabisei setist-i o. For sinplicity, the
nmet hod and apparatus according to the invention is
call ed "TEMP-VEL" (Transient ElectroMagnetic Marine

Forp%gﬁgﬁﬁkhggémkkg M%Ehb@Q%n@!%@b%&%th‘n%%kord&h. R $he
(whi sho apparent resistivity) and Figure IO
invenhiioh sSkowsluekt &GEMPH-VENSt r(Trenshente Fdlegttivolaghethis

Marﬁggggghég%%gg%gwbaghr%%@%%%aﬁthg%t%g%Vil%%}%rn]ned

Figure 9 (which shows apparent resistivity) and Figure 10
(which shows voltage) illustrate the resolution of the TEMP-
VEL method with respect to the above determined reference
model, and contains no resistive hydrocarbon layer (curves 96
in the figures). Calculations have been carried out for
various depths of the resistive hydrocarbon layer: 1, 2, 3,
4, 5, and «» km - curves 91, 92, 93, 94, 95 and 96,
respectively. The offset for all curves is 500 m. The voltage
in Figure 10 has been normalised in both cable lengths, to

apply to a length of 1 m and a current value of 1A.

As can be seen, the position of the left branch 90 of the
curves is determined by the thickness and resistivity of
seawater, as well as by the length and geometry of the power

cable. The target is resolved even at a depth of 5000 m.

The challenge is how to arrange the signal measurements, as
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nodel , and contains no resistive hydrocarbon | ayer

(curves 96 in the figures) . Calcul ations have been
we20rioss2out for various depths of the resistiREI/NO2006/000372

hydrocarbon layer: 1, 2, , 4, 5, and km - curves

91, 92, 93, 94, 95 and 96, respectively. The offset

for all curves is 500 m . The.voltage_ in_Figure 10 has
the36HPRr Y BEAVER 0P SHEHPE P ORgIREr ™ ST o 45
locherdt B+of LrEhanded thUihenthakali g udftibAends reaidhdvity .

seen, the position of the |left branch 90 of the curves
Thej FENBtUERN el by erdifHitekfovs RaFapesiess o prgrnce the

., _Seawat er, . wel. | b :geo '

e p e s el
curzf® emplikedehallleewgs iof hewetivear limge aride ofifgredl value.

measurenents, asthe si.gnal may b ak in situations.
In §Reie SHESCAFEe: o SFGEREH GF & g oat SuBPER e ad 1]
prokAslel kinel enbnkaskeling tiy thike rEEM VElons ehmidr<hidE t s

four paraneters to enhance the signal anplitude;
nanomedtls ¢ ttemsswitt meécuaviedtst.ransnmitter current

anplitude, length of receiver line and offset val ue.
In real situations a manipulation of these parameters
ThelVhlela LAY 028 Y RAINGR] Wtk AL MdeiBeivity
Undr eds o n The

nanovolts to tens of mcrovolts.

relegdser ¢d Cepidnshricidhermciomnse megdhadst orhviadi stiildi the
d.relativg) o depth through various mnmethods which wll
1S58 5§CEC P6dQY ‘bel ow. The TEMP-VEL method described in
the previous section is realized through the TEMP- VEL
apparatus. Figure 11 shows a schematic cross section
Thet hEorgivES e ssthed BHERZ r iRefde rien athen wrserisoukl Gle canicbril HG3

denote a surface of the
realized through the TEMP-VEL apparatus.

Figure 11 shows a schematic cross section through seawater
1102. Reference numbers 1101 and 1103 denote a surface of the
sea and a seabed. A vessel 1104 is provided with an
electromagnetic field source 1113, also termed a transmitter.
One or more receivers 1109 are arranged at defined

distance(s) from the vessel 1104.

For a measuring period the vessel 1104 and the
receiver/receivers 1109 are stationary for the time it takes
to collect the data at the guality that provides the required
signal/noise ratio. After checking that the quality of the
data is suitable for further processing, the vessel 1104
changes its position with all the sets of receivers 1109.

This is the primary survey method.

Occasionally, when a survey is performed along profiles and

there is no need to accumulate data (if the depth of the
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sea and a seabed. A vessel 1104 is provided with an
el ectromagnetic field source 1113, also terned a
W e@nesioes er. One or nore receivers 1109 are aPCENQ2@6/000372
at defined distance (s) from&he vessel 1104. For a
measuring period the vessel 1104 and the
ecei ver/receivers 1109 are stationary for .the tinme it
hyg iy

LRE]TP cOPYREL TEhELAAL G 18Rt L HeSBAALT ¢+ y ERASL MBEBPPIEED be

chgggeaegglaegléwgeahéeah§em5@éhentAEEeEhgh@eggeg 8Agh with
the quality of the data is suitable

ther bressihgterhelidssef lQW4behangesece$Vposlﬂﬂ@ﬁ Wi t h
all the sets of receivers 1109. This is the primry
survey nethod. Cccasionally, when a survey is

Th@eéégéggdlﬁanﬂsp??éb%ﬁégeptEhhgﬁeﬁhﬁygﬁa”$§§5tQPayer

accunul ate data ( rocar
comsusufbttoendbywshil &3 a phiwsrnsthpilycanibe ehangedrimed

a slow c t ant venment the vessel 1104, with the
ooBeShENF L FoT 1999 BhGUT Bt foni HaaVEcervarac1iBoberrEated by
th¥esspbr 1d@4pis Rhovi ded whEhpaBsaat enpsudhoeahPes 1107 and

communi cation as well as a power supply unit, also

tr@%$méﬁt@%n%l%@6¥04§§ tsedafi ghpsbiphic FéﬁeyaéﬁﬁﬁGﬁﬂ at

Tl R R

antldgd Whigh Bhe pmwengmdmehthﬁfefeattﬂ&pbh$ttértme13 is

1102 and for a transmtter antenna 1108. The
eq%%ﬁe FO nstrerft 1Pz BPTE Lransi therveiasats Seiiantd hatrween

th& tran¥hefeetTe168tEb8¥e11068] digbBngegbet yeepnthe
transmtter electrodes 1108a, 1108b and I is the

am@@ﬁ%@%ggThqh@r©¢@%I¢PZP?Spsthehbeb@erergsaghlﬁlmoment is of
gr%%ﬁﬁ%&p&ét&ﬁcgr€§tth£p9é§f388r58 Lhe reai stgred signa

The same condition applies to the receivers 1109. The
vertical component of electromagnetic fields induced in
strata by current in the transmitter 1113 is measured by one
or more essentially vertical receiver antennas 1111, each of
which is made up of at least one pair of receiver electrodes
1111a, 1111b connected to the receiver 1109 by cables 1110,
and where the vertical distance between the receiver
electrodes 11l1lla, 1111b is equal to Lg.. The value of a
received signal Vz is equal to L. X Ez, where Ez is equal to
the electrical component of the received signal in the z-
direction. The voltage of the measured signal is proportional
to L' if both the transmitter line and the receiver line have
the same length L equal to the depth of the sea. Thus the
general conditions for the TEMP-VEL system are highly
favourable when the reservoir depth is great and Lg. and Lgc

exhibit a length of 500-1000 m and the amperage I = 1-5 ka.
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The sane condition applies to the receivers 1109. The
vertical conponent of electromagnetic fields induced
WO poogosaea by current in the transmtter 1113 PGI/NO2006/000372
measured by one or nore essehtially vertical receiver
antennas 1111, each of which is made up of at | east
one pair of receiver electrodes 1111a, 1111b connected
Thepet he PEEELFEF 2T09ShyCcHBLES 2t1bheapderhEpdesndl08a,
1198511 €8414] S1a0eE PELVESACENBCEEECRI HEE: BLeRE RflES position
1171a; "111ib is équal to LRc . The value of a recéive
ofsthaaktl¥eticedequalOBa, LREORbEZL1Mher elE2zlbs egdaklso

the electrical ?onFon nt Sf hge.recgived Si, naltin thebl
PISEPTegt FERSCTHe WGkt S§8YBT -t HEBVARHEUY ed §i gRaf OFsPOSS1RLe
topifpealionnk teahdmitcbet Bltherbaapsmibter hhobebandd 111la,
the receiver line have the sane length L equal to the

114&pr hreFPeREI¥RAY  TRRSOLRECG¥NEREF1EBAdY PBRYSf SACEhether.
MOEEBEéyﬁLtﬁ§Sb@Egéielhb@hhxvgévgg&gﬁgfgmﬁﬁgihgethe

reservoir depth 1s great and L Rc exhrbit a
mebengehents580e1000wimdndntiheuvanpetageThe=réahb kAsThépes of

IS, provid acoustic ynit th ctrodes 1108a,
eng 8RR Shal SiSeh otiPoc JulbadetaP AP nat Poncat sthoed, and
thBoskih 0heaf cbhecet e6hh0dastd108acald8htedldta, tikdhbinto
and al so Eressure sensors (not shown) . Qoviously, it

acggupbt iposEebfletaopraseapinghentr ansprprecasient r dhesdata
0 d 1 ivel .
fré%sgﬁ%téﬂgggugg.sé%%%@s }é &Qedr€§$§§§#¥§b¥he EM nPﬁge

y vertica above each reover,
cavesdeby ld8tenvursthei ghtfsycdusEnghtheearasur enent s due
to wind and currents. The real positions of the

transmtter electrodes 1108a, 1108b are registered,

and the, requjired correctional -d i s gal | ated and.
coflan Tt aeeBRES] hEEne%aten fr B cduingtinfne 8 ivers
1109t espeet pihos. vihetHat antennas 1105, 1112 and

communication units described below.

Figure 12 shows a block diagram of the transmitter 1113. A

powerful power generator 121 generates an alternative current

which is converted by a pulse generator 122 into series of

square current pulses like that drawn in Figure 8. The
duration of the on and off stages of the pulses covers the

range 0.01-100 seconds.

In practice, the pulse series are formulated by the
controller 123 in a way that suppresses noise. Incoherence
between pulses and noise is determined in the wait state when
the transmitter current is switched off. A transmitter
controller 123 controls the power generator 121, the pulse
generator 122, the process of delivering power to the
transmitter electrodes 1108a, 1108b, the calibration of the

system, the data acquisition process, real time control of
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fromthe pressure sensors is used to reduce the EM

noi se caused by waves on the surface of the sea.
w@oomasdoeat i on between the vessel 1104 and al | P€TIN02006/000372

receivers 1109 takes pl ace Vi% the antennas 1105, 1112

and conmmuni cation units descri bed bel ow. Figure 12

shows,k a bl ock diagramof the transpmtter 1113

theowREthe pBRErTgeRer aTBP @?@lﬁﬁn%}gye@rﬁntﬁFPéPﬁE?ﬁvén the
tr&ﬂéﬁfﬂﬁefméfg?t§o&8§vfibgg bYl@SBU|ﬁﬁl@ﬁnﬁéééthénglllty

into series of square current pul ses Iike that drawn
tOiﬁfFigueatBy tfhasﬁarath@ncurrehe pnlaaa bbfssawgesroand
rethe | ses t he range g g %8 ds.. In 1102

BPER1toes THE DGl Be b PRes APBSTEFALL &t bacpyaRE 1102-

controller 123 in a way that suppresses noi se.

| ncoherence between pul ses and noise is determned in
Thé heriacipal abermhgaméhe foanshet TENMPEVELeatirirays is

switched off. A transmtter contro 123 %ontro S

I
"STRELUBTEY BEGLPEFOEiant: Lhe BurseloohBfatbi §99 reRgivers

11@90§@§§gOétggibﬂgfgngoPoﬁﬁé Eﬂméhﬁe&ﬁ§P§H1E59%rov1de the
el ectrodes 1108a 108b, the calibration of

negyssRRY q%@ldbyaOﬁcmaasuremﬁnbr@@é@s Theatomihypication

t ire.s e cables 1107 a
16091104 BIADE. ERLEY e SVRLEML S Gy I 880 £06 001 2B e
thaht cndaieteéhelabs| ahy &Dleﬁﬁecr@eéiyetgam$09rvihean

current 8u|ses to seawater and remain in a stable
aniang | bhl3ubRBrgedr FRCtRREGRL 2R iliezdat%@cgwﬁé%ap

prégéggggﬂggugﬁgﬁttBﬁeT§@§by L surveys is "stationary
regi stration", the vessel 1104 and the receivers 1109

bei ng statlonary for the tine required to provide the

necessary quality of measurenment data. The
Calkbpraipieat phnthe system is performed periodically during

the registration process. From time to time, the operator
will, based on a data check, determine the left branch of the
apparent resistivity curve 90 (with a small time lag), then
compare this with the theoretically calculated response for a
real TEMP-VEL set-up geometry and the seawater conductivity,
and compare it with the actual value of the seawater
conductivity determined at the actual conditions in

consideration of temperature, salinity and pressure.

Figure 13 shows a block diagram of the receiver 1109 in
Figure 1. The induced electric field is measured by means of
the receiver antenna formed by the receiver cables 1110 that
terminate in the non-polarised receiver electrodes 1llla,
1111b. After amplification through a low-noise amplifier 132
the signal is digitized through an analogue/digital converter
(ADC) 133 and transferred through a receiver control unit
134, a communication block 136 and the antenna 1112 to the

vessel 1104 for full processing and subsequent analysis. The
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bl ock 124 takes care of the communication processes
between the transmtter 1113 and all the receivers
wa 1®9/053025 an ant enna 1105, and parti ci pat es i nPCTINOA@EA00372
acqui sition process throughddt the survey. Calibration
of the systemis perforned periodically during the
registration process. Fromtine to time, the operator
reqgiver Inoyee on unidatsd & HREQIfetdiGn HREa RETekT1bieihch
f e [.Stiwviit (a
argind AR HEcO A Sih SMERE Lot Tyt roe
whical dudhatead tles panieenfwrcentreal LRENR/Busety upthe signals

oo L, A0 LB SERIALET, CORUUE LY B0, SRR Lmere

thdlet erdaned . ddhe wetmadie condi tions in consideration
of tenperature, salinity and pressure. Figure 13 shows

a bl ock diagram of the receiver 1109 in Figure 1 . The
i nduced electric field is measured b% means of _the

The glgiateamerime 1oFeEd W HPT fFW e vahPRed 13aged on

- R0 D36 | thd Ner 0ons POl Ard Safy &8 €1 ¥8keived £
ln%@at%loéglsé%lla, 1111%.9 Aftecjl;-1 anpliticati one%‘ﬁougrhmg _
ged ow i s earahpdedpleys 1321 tdmtsi ghial 28, 2P tozedD modelling

t h | /digital. vert Al 13
of (e ST I mfetden a3 8ge
XS SR O1: b aek 9136 audp ther, anperaa ddd 2evaltfieed. Both

vessel 1104 for full processing and subsequent
tharmRtigng HaREAlsRE EORtFRE INFEen 3unehahtesieheand the

| ) n A e QCGOT SRRCE M L Nof th

me%%lmﬁr%n S fér%%r? %Iﬁ%/%gs%f%%, mﬁ%ﬁ ﬁ%ﬁse% theO ese

signamrand et erdquitdd sesokytidneisi gnal sermaycal sande
transferred to a shore based control centre where

O IRIF e G BTN ¥&H° be nade.

One of the possible survey arrangements is shown in Figure
14. The entire survey area is divided into subareas. The
vessel 1104 carrying the transmitter 1113 is stationed at the
centre of each subarea. The receiver sets 1109 are deployed
around the vessel 1004 at the distance that satisfies the
induction zone requirement. Furthermore, a network of
autonomous magnetotelluric stations 141 is deployed in the
area. These stations 141 are used to reduce any noise
produced by geomagnetic variations. The duration of the
measurements in each subarea is determined by many factors,
including the characteristics of the section, amperage, ocean
depth, the length of the transmitter and receiver antennas
1108, 1111, noise etc. The synchronous or asynchronous
accumulation of data is carried out during these
measurements. After checking the quality of the data, the
vessel 1104 and all receiver sets 1109 are positioned in a

new location.
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The strategy of the field work has been devel oped
based on informati on about the area bei ng surveyed,
wo e@eiosaels f r om geol ogi cal and geophysi cal dat aPCT/BO2@B000372
2Y2D or 3D nodel l'ing of the 20 ectromagnetic situation
is produced, and the expected signals fromthe
TEMP- VEL system are eval uated. Both the optinum _
FoilpuhgenbreErroFresRénsy snenenadyaisat tbe apdlegéed data is
. u r [ on_t [
=i OB O RR L3R, BB LRetBrons, APpRT R
regéptivakyand . haimzonrabegdithedhi ahe. cénegolyt bE gradient
ossi bl e survey arrangenents is shown.in Figure 14 .
Segﬁéoﬁﬁti ) %Ergéylm’é te &P\FPdESSFﬁF&"%G%’a?@as depffie in the
ca¥egsel, $i04dteakhying theutraneni.tter thdld casskabihened the
. at the centre of each subarea. The receiver sets 1109
influegepbopadthroghgcthempanssic1foslat sthuciiugeakeEem
la&gg%%sﬁgh§£bﬁgggﬂgihg BC%Egn HNEHEAULES nttPF inversion
urthernore,” a“netwoi K of "aut'ononmous nagnet ot elTuric
issparfonsedi4ini sodepkoyeadthe tbecaregorihege stakirons
., 141 are used to reduge any nqQi se produced by .
In§EBREGRet FETFar PYEFEAS™. a%‘ﬁe%‘ﬁ?& r&habfophgre performed in
moBBASULBMERES2bN 886N osuUBAr eatkgodgt er m ned by many
factors, including the characteristics of the section,
anper age, ocean depth, the length of the transmtter
~and receiver antennas 1108, 1111, noise etc. The
BibyaeHEBRBNS or asynchronous accunul ation of data is
carried out during these neasurenents. After checking
the quality of the data, the vessel 1104 and al
usl gaekMeL sets 1109 are positioned in a new
| ocati on. Fol | owi ng preprocessing and anal ysis, the
collected data is
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t hose cases where the influences on the
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el ectromagneti c survey of é?éctrically resistive
target objects that potentially contain hydrocarbons ,

char acteri zedi nthat the nethod

conprises : - determnation of electrical

characteristics of a stratum being surveyed by use of

the TM node of at |east one el ectromagnetic field

source (1113) and registration of the TMresponse; as

1- i nhemathbdnfosoanceleatrenagpekies sp8veysef wileptgically

sharply.defined termnation a enerated _ip_ t ;
IeasgeéﬁégéVgcg?Sﬁﬁ nggp3CEFe%§agoﬁPESQEif}gy;ggn?%én

i Nt enifgk-beAkbeAK! CecClird ent putsesr (8L «88) atew  that the
transferred to a transmtter antenna (1108) and

t r anBRIENPEdCPRPE1ERE ‘strata, - medi um responses are
intercepted by at |east one receiver (1109) in the

time between the consecutive current pul ses; -

nmeasur epRRtsnhasibal 3£ @3RGS Clll dMalrBGHE iR iZeNSE a
i.e. in an area where the horizontal distance between

the at Iséastuonbetiranstirveyedaiveivg Cr10de fHmowe &f at
| east one_receiver [ alc - (Gt

(1) 1 o) EPST RS e1b kAR Ry IféL:;e(igc]) PR (uha
I nst ant ragietribitd otl ect thegnetieeponse; as

and

Re

~ intermittent source current pulses (81, 82) with a
sharply defined termination are generated in the at

least one electromagnetic field source (1113);

- the intermittent source current pulses (81, 82) are
transferred to a transmitter antenna (1108) and

transmitted into the strata,

- medium responses are intercepted by at least one
receiver (1109) in the time between the consecutive

current pulses;

- measurements of strata response in an induction
zone, i.e. in an area where the horizontal distance
between the at least one transmitter antenna (1108)
and the at least one receiver (1109) is equal to R,
and R £ (tpa(t)/ua)bq, where t is the time lag
counted from the instant after the electromagnetic

field source (1113) has been switched off, upg =
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field source (1113) has been switched off, nD =D O
4pl O~7 Hm and pa (t) is the apparent resistivity of

w@:2@asteatumin the period t_; as - the at | eBSI/NOA®6/000372

el ectromagnetic field souré%gtllls) and the at | east
one receiver (1109) are subnerged in a body of water

(1102) . 2 .- A t hod for, an.el ectromagneti c I: is
accor dafBd Ow tH ™ & f“ftg ﬁsa% S, SPPRTENF F%%lé%%vﬁgy ot

n that ghguedkkgRtmPyhsese(Biri8d) tsueeeed each ot her
in a special sequence which is incoherent with a

present signal noise, and responses neasured by the at
| east one receiver (1109) are stacked.to g%%vide a

signat RS & L&BFE RRECRLFSTEGRPEEREAE iR HefOEE EN

of the targ8h. 3a tAcTRENAE-ERr ol ¢lecliveragneaioy are
survey in accordance with Clainms 1 and 2, c har ac

t e r i szbaeggiedninhat badvurtheetegpgldddilon of signa
noi se i s achieved by processing tinme coded geonmagnetic
data and tinme coded source pulse data (81, 82) . 4 . A

nmet hqd_f n ectr ' Y o daree a
25 t nics o] £8:58h" QTROTELHABUEEY s ae apiaResy dance
a fumtiher cdappr éssi orhof siegrak @of sie 4 @ dchieved Bpat the

processing ti cod water pressur.e recordings,. ich
ar e EHFF@@Fe@Eﬁﬁthzgﬁnnégﬂa?&cﬁﬁgﬁnﬁﬁf oP%kﬁ% i)
receisygiant grdehttlihieh tike iakoheashtong theeeipi@isent
(1109) and conpared with the tinme coded source pul ses
signal noise, and responses measured by the at least
one receiver (1109) are stacked to provide a
signal/noise ratio which is sufficient for detection

of the target.

3. A method for an electromagnetic survey in accordance
with Claims 1 and 2, characterized 1in
that a further suppression of signal noise is achieved
by processing time coded geomagnetic data and Time

coded source pulse data (81, 82).

4. A method for an electromagnetic survey in accordance
with Claims 1 - 3, characterized in
that a further suppression of signal noise is achieved
by processing time coded water pressure recordings,
which are collected in the immediate vicinity of the
receiver antenna (1111) of the at least one receiver
(1109) and compared with the time coded source pulses

(81, 82).

5. A method for an electromagnetic survey in accordance

with Claims 1 - 4, characterized in
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(81, 82) . 5. Anethod for an el ectromagnetic survey
in accordance with dains 1 - 4, char acter.

wa@2@76053025t hat a deci sion to _continue the nmeasPCBNORI0S/000372

change the operating node, éﬁ%nge nmeasurenent sites or
retrieve one or nore of the means of signal generation
(141,t&108a, 1108b, 1109/ 1111a, 11b, 1113) is nmde
fol | oWy anB9aPtali bR SRUFOFUF uFRe oFeparFpapnts, change

int erpret gbépA: Ohgt HEaAS AhA 8 dat AsuBemes MBE PO for

an el ectromagnetic survey in accordance with daims 1 .
- 5, -Tethlave ane eremere of ethieimpanpacfatiteadt gsnaration

of th |1 d | S sf t en .
pr oceg%c,%'?’ aﬁ%éggél %g%ﬂ)f nﬂ@%i ?Hr%g 79.1?%78%”1%) fbf made
an el £ctlomhgmesn cesal vayiom acdosdafe®l Wt hpstaiss 1

-6 ,.character i zedi nthat the at |east

one etREETRMALAEIPR ¢ efle steetred 19852 and the at

| east one receiver (1109) are stationary during a

regi stration'interval and are then relocated to

anot ermeeisdd | B | 4n t EBe St MEYgPE €8¢ t SuF- P nt A€cordance
met hod, according to daiml . 8 . A nmethod for an
el ectWorgnEties shrvey- i if dcéoFdanees Wi thickagmd 11 n6

, C C red I east one
el ectrhrlgan%goﬁtetli%:a% e?%fn%ocgfr gtelll? 2':1512?&%%& t(%get%t f%east
one recwivEerfdd09) areentrabnstamndssmt i andisndhesed in
survegeﬁe@ilggri ng the registration .

7. A method for an electromagnetic survey in accordance
with Claims 1 - 6, characterized in
that the at least one electromagnetic field source
(1113) and the at least one receiver (1109) are
stationary during a registration interval and are then
relocated to another position in the survey area to

repeat the method according to Claim 1.

8. A method for an electromagnetic survey in accordance

with Claims 1 - 6, characterized in
that the at least one electromagnetic field source
(1113) and the at least one receiver (1109) are in
constant motion in the survey area during the

registration.

9. A method for an electromagnetic survey in accordance

with any preceding claim, characterized
in that two or more receivers (1109) register the
vertical component of the electromagnetic field

induced by one and the same electromagnetic field
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9 . Anethod for an el ectromagnetic survey in
accordance w th any preceding clabm c har acter

w0 207053235 n that two or @ recei vers (1109)PCEYD106/000372
e

the vertical conponent of t el ectromagnetic field
i nduced by one and the sane el ectromagnetic
fieldsqurce ), 0 y d.pn
Iocaflo%sgmfgﬁi%§ %E#n ﬁ.§ﬁg§ aﬁﬁ 6h ggk%ggoggfor
|nagﬂpgatEanleﬁhEhOthatﬁﬁﬂuataonczbna.r acter

z edi nthat the nethod conprises the step of

combi ning the apparent resistivity with the apparent

1§77 e8 BRERRacRotnetagastr 0 vaPt | 4P BFCatr PERR P ol d

of tBeh|£QM%ﬁ@ goger €xcktgd by ma VthkC%he method
el ectromagnetic field source (1113) use of a

deIa?@mpre§9§n§he|ﬁtaph@ﬁngéﬁ@9§lﬁﬁlFﬁ§p§@EaF§the
tran e 8 {.C :

cl oot PotEGtUtTE Propy auepBnrhiEoiebth Broge zocrion
for aalehéatednﬁgneaﬂm segwsyratlehesutESabhyed on the
resistive targets, that potentiall ta

hyar BEaPRe JeEthoal chsgerieat Fistd G the fatuped
CONPELARS extiBedUBYRROQE 888Nkl aLLY oMElhECAL field
transmtter antenna (1108) that acts as a source ,
(1113Pu©ﬁea(TNﬂﬁbdeoﬂsanoélecﬂﬁéﬁﬁgﬁerﬁeppnéﬁdln-aa

POve] oAHEASG LRH) caLLangedot 0ot XL, SRRl LA 2RNE"

and a co se( generat or
(1108 of the vertical electromagnetic field source
(1113).

11. Apparatus for an electromagnetic survey of

electrically resistive targets that potentially
contain hydrocarbons, characterized 1in

that it comprises:

- a submerged, essentially vertical transmitter
antenna (1108) that acts as a source (1113) of a ™

mode of an electromagnetic field;

- a power source (121) arranged to deliver electric
powe?, and a controllable pulse (CSEM) generator
(122) arranged to deliver series of intermittent
square pulses (81, 82) with a duration of 0.01-100
seconds, an amplitude of 0.1-10000 A and a sharply
defined termination to the transmitter electrodes
(11080a, 1108b) of the electromagnetic field source
(1113);
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(122) arranged to deliver series of intermttent
square pulses (81, 82) with a duration of 0.01-100

w@emons®?2s an anplitude of 0.1-10000 A and a she€pNQY2006/000372

defined termnation to the ttansmitter el ectrodes
(11080a, 1108b) of the el ectromagnetic field source

(1113); - _at .l east one_receiver ) .depl oyed.in_the
inductioﬁ%z%ﬁgsgnanﬁr5$F8éH?ﬁﬁé&iig?!Qﬁgﬁogﬁg in"th

subner getindgeseshi abh¥ &ﬁ&tgﬁébiEEQGWX%h ARl €BBABt one
(1111) , the receiver 1109 being arranged to 5

regi st er StRBSYerei capsentéel brnynsticali skdeduprngntenna
| nterval s1betyeepnLheoLal LI 1§80t LCULECDL-RHLERS (81,
clarmII, c'h a

82) . 12. Apparatus 1n accordance w
r act eegibteretbeivarthatlt bbecessenbigakkycofield during

vertical .transmtter anten (1108% of the transmtter

(1113) i &"&FT 4R %db?BW?%ﬂigﬁﬁrlPE@ PaFEPRE current pulses

el ectrompgnetgg)field during intervals between the

intermttent current pulses (81, 82). 13. Apparatus in

accordance wwth claiml1ll, schar acteri zed
that acoustjc sensors are provided in the

i%ﬁed%%ﬁ%?%?%?r&?ya%ﬁo{ﬁﬁﬁﬁea%Ht¢o%k@i%nH1portions
(111L§&1%4¥JQ)COEegqeirgcé'aerj?%ten?ﬁaglgﬂ%)gs?éét%a%ly

Apparatus in accordance with claim1l
e r iverelehl framenipressumeesemsots08) eofriove dedahsmitter

the i m% )at 165 Vérczl”argrllgté/d O,Eo ngge{S@Qg the vertical
electromagnetic field during intervals between the

intermittent current pulses (81, 82).

13. Apparatus in accordance with claim 11,
characterized 1in that acoustic sensors
are provided in the immediate vicinity of upper and
lower end portions (1l1lla, 1111b) of the receiver

antenna (1111).

1l4. Apparatus in accordance with claim 11,
characterized in that pressure sensors
are provided in the immediate vicinity of upper and
lower end portions (1llla, 1111b) of the receiver

antenna (1111).

15. Apparatus in accordance with claim 11-14,
characterized 4imn that the at least one
electromagnetic field source (1113) of the apparatus
and at least one of the at least one receiver (1109)

are arranged to move under control or autonomously
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| oner end portions (1111a, 1111b) of the receiver
antenna (1111) . 15. Apparatus in accordance with

w@bkainosbis 14, 5 c har acter i zedi n PCENORIVE/000372

at |east one el ectromagneti c4ield source (1113) of
t he apparatus and at |east one of the at |east one
recei yer, 09). are arr n%ed to nove under control or

11
aut ononbt¥ ydtir PREVGF b AP ERECHBRSEr chBAt BSaFHESTENtS

neas UuseiRft SebebhgeACELQF IRE-6OM | HHONSLYeRFially.
sequentially. 16. Apparatus in accordance with claim
11-15, char acteri zedi nthat the

ﬁ%ect rorr%gneti c,field source (1113) and/or at | east
e IIPRHEAEES | BAsECoOMEIrRER| WiEh (2lany F5rhbe

proviged it B geans (1195 4112) 0f eeal thoe transfer
of at least a selection of the cgllecte ata to a

cent releproeragoetiq 7fidbpasatusei N1ALSbr @adter wat hleast

cl ai -16, h acteri zed,i hat

Furt e sheaie 18586 ont ke phgct net g boro/are
conpaomhesyi@d@otitls ahedh el diposl/ o111 e dhregatoppREeptansfer
magnetic field in geomagnetic variations are arranged

at okt At nreSt R ate Rt B ik Geaneellagbed data to a

central processor.

17. Apparatus in accordance with claim 11-16,
characterized 4in that further sensors
(141) for measuring the three component electrical
field and/or the three component magnetic field in
geomagnetic variations are arranged at one or more

locations on the seabed (1103).



