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WD 2007/ 053025 1 PCT/ N02006/ 000372 A METHOD FOR
HYDROCARBON RESERVO R MAPPI NG AND APPARATUS FOR USE
WHEN PERFORM NG THE METHOD The invention regards a
nmet hod and apparatus for mapping subsea hydrocarbon
WOL01P8I0rs, nore particularly by using a sPETARZHEPWRT2
magneti ¢ node (TM node) of an el ectromagnetic field
source to register a TMresponse which is nmeasured by
one or nore receivers subnerged in water, by the
essentially wvertically oriented subnerged transmtter
generating intermttent electric current pulses with
sharply defined 10 term nations, and where an
el ectromagnetic 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 di stance between the antenna of the
el ectromagnetic field is source and the receiver
antenna is smaller than the depth of the target
object. Seisnology is a technique conmonly used when
mappi ng potential areas for oil prospecting. Seismnc
data provides information on the existence, |ocation
and shape of a 20 hydrocarbon structure |ocated in
sediments in the ground. WO 2007/ 053025 2
PCT/ NO2006/ 000372 However, a seism c survey provides
A | MO FORNHYPROGERBON RESERVEIH MARRYINGT RFDSAPPARKIIUSh@OR
vel ocity of elastic waves responsive to the
U%%éﬁﬁ%ﬁ%ﬁﬁ ?%E%?ﬁ?ﬁ%NEFHPRe subsurface rocks, but
the seism c data does not reveal nuch about the s
nature of the pore fluids present in the structure. As
THerinveheiencesgapleas metbbérand duperesmpl Ebe mapping

s&bsea %&%thrbégﬁgegéyJ09@§ t&%&é“ﬁ%?ﬁl%hﬁgngfb§rﬁ%lng a
transverse magnetic mode (T 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
oil or gas, but io the costs associated with this are
very high and there are no guarantees of finding
Wodnomasbons in the structuges drilled. i nPCHiNG2006/000372
situation, essential additional information about the
contents of the reservoir may be obtai ned by

HSJNS«‘?&[J,"%H%Q%{“& SN ey BLBodSes | ShbRRat YOh Coh @Rd
sinpl'est geoelectric nodel of an offshore sedinentary
ssrucoing ehronvhi regig teriagehoi velofciydpbcalpdns veaRs
resent [ - e [
T e I e e B e
robks, rregi sheveeignic slatgadoesmal miavgal ayeeh ittty the
[ f - . st yi 20- 100
RERERE 1S BAFe R PR eRen® DTN phr e f]
approxi mately 500-5000 in. The sedinents are covered
by nore conductive seawater having a rezistivity

,_of
. Bor (ref SBRPCES . RIG2SEs TRGRT chAddR PEPEFS Rl iography

tHA €A SN owseEhst v difi dnhe £hysls ogardaenohear i ng
reservoirs is used in 25 all electromagnetic nethods
of prospecting for hydrocarbons as the principa

i ndi cator of ,the presence of .0il d .
MR BPR OCSPEGF RS (R % droes -t Ll Wl (SRR s oihetper
theed amxthedsovellyons Msappl igathon@ronoshoit. oSams, but
imtes the MI .nethod .i.s . used_for._marine,a [ i
N R R e e b ST T
ghhtamaddy alf gendhgnatydrocarbahs ohs téxcistedcthresigirilled.
i.nd. and

cBBt otk Wt Rheespeetvdir SnalvebeSbbiairwd bycalbohrbaygrstic
i s explained by the properties of the MI field. A
(FMyMt&S-uric field is a flat wave that

The typical and simplest'geoelectric model of an offshore
sedimentary structure containing a reservoir of hydrocarbons
can be represented as condudctive half-spaces having a typical
resistivity of 1-2 Om, where an encapsulated thin resistive
0il 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
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falls fromthe atnosphere and propagates vertically
through the earth as TE fields (TE = transverse
electric). It is well known that the TE field is
insensitive to a thin horizontal 10 resistive |ayer
woca@asioad ed in a nore conductive struct ur ePCT/RD2@6M@®3IT2
illustrated below. Thus the MI nethod is of [imted
use in marine EM prospecting for hydrocarbons. Unlike
t b t Sour ce
O e L ROt VL Fog e bt b TE T el e o
1r(tmz-’@@§|lgnabewqeh csaalaédm% g FdenBad) germapyetic
rgnsverse magnetic) fields (occasionally called
g§1van|c node) . CSEM nethods are the nost frequently
used in marine EM prospectlng, as they are nore
sensitive to,a thin e ca suI ﬁ% stive |ayer

Th o8 SFRSERIREEY &t © hbaPS e Wsed,

re?éﬁlbt%%@'epﬁraﬁo@ékﬁdiﬁ 1tay§2§ Dé dipAnghiett By € pregeirtdes
n e 0

| owi the termtran tter and receiver
oS gS Mledithd: sigma@@eaﬁ @H%%tﬁﬁléf l@l%c’?}ao%ﬁw& rRat
£4118) dSomSene Hfmddphe¥i sha n@ré‘gﬁgat@l%v@fﬁmd:éiuswtﬁb&dh
in the follow ng The nmost conmon CSEM s égtens in

the parsh 8f EEh%ﬂ‘EFlﬂfnt TE =B ¥ en st erEEtfves & i5° Vell

kiRAY ngkeehs i Br crirdient s( thassei 4wy ko at bRik atd:a dogitag
di sposed_on or by the seabed, and horizontal electric

resigdilver daV a5t MIIRPUIARLEE By F HPTSSRBEUGEL YR fHeri&tre-

mgh 5 t5aN ":'LQ§.ufs EPMR AN SHANSHFhbE e he DCREWSHEDS RN imited
elther be permanently installed on the seabed over a

ugfe U FRAG R BN RECFBCANThEGY CRAFFIRSAEERBE - behi nd a
vessel. In sone set-ups they WO 2007/ 053025 4
PCT/ NO2006/ 000372 are acconpani ed by neasurenents of
unBgRetthe Nonpetssd s CHEM base@&Métitelad (Thaseobled efmsirce

LRGN T R
cd BRI VeBsctoé Meld)oEmnanens Yt eamster sof m&bﬂétt@)’m@r’cétdsc
(géégéionally 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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s in the frequency or tinme domain. The nost inportant
characteristic of such systens is the requirenent for
a great offset between the transmtter and the
receivers, 5-10 tines the depth of a target, i.e. 5-10
Wi 200s30281nder t hese condi tions can the shi ecdiNognos000372
effect of to the seawater be suppressed and a suitable
signal neasured. Furthernore, as will be illustrated

on rac t I:ng 5 tvh
R
EMeSmJuil dﬁneseqawte@lst @omceVecpf and-rensmiheer tHmt sets up
h r a te t
= SR PSR S A A F R B PR g et of
reeep.NénEa:i tiha tt hesform asesunhvert $ fuf tdliecknenagngigic fields
t VI 1Y he dr on layer is insufficient.
J":f'hg%éslf ng ér ti]t?% d%‘ﬁ\gwdr awback of all existing
i nventi ons based on a CSEM set-up. The object of the

invention is to renedy or ;reduce_at | east 20 one of
The At WFROKS2BE PRAGICtEFE St Rerhhjusdt SYStaRhi B dde

ré&&%ﬁérfte Fhur g Sg:.séz% e FisBtt BELwalas UHPEraA=hEt Y aRd

in the foll ow ng%c ainms. _The invention describes a

thevetcaijierem Bohd| Binafy tHF dRER I @ 4/d98ppat &t us TIr

hﬁlQﬁhBPQEQQEIEﬁe@éQ§HﬁﬁkhBHsf@£ntiﬁéF§H&%@§§ng2éfﬁéct of
ocati'n a reservolr exam ni ng | ts eonetr

tbl@t%@amaﬁaxg behavprRYesIRst andr 8 ﬁ‘}%ﬁ%@iﬁ @é%%rmmt&eq n
the reservoir. The nmethod can al so be enployed if the
area and its geonetry are known from seism c or other

Fdﬁt@nawezoez/ ¥58025 ExlﬂGE/chEES@azSémﬁB?an phaceldce afone

osed invention | reservojrs
ob I Gt R s S Rt Ty CaGBBLN e WRTE PHEU Set-ups
céﬁs§&dﬁld§7t@E ré&861uEs reqnli odaces incoarr and examine
el ectromagneti ¢ net hod of prospectin psulatggr gaéepotqls

the BYHPIRIPeat éeaams ttG9REr BHSRS o1

of more than 3000 m, nor the resolution required in those

S

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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s the efficiency of the survey. To achi eve success it
is suggested that el ectromagnetic fields are used
only in the galvanic node (TM node), which has the
maxi mum sensitivity wth respect to resistive targets
*ocaEsieas ed in a nore conductive stratum pEn®02006/000372
exanpl es below illustrate the 10 advantage of the
proposed invention. According to a first aspect of the
rhd VM 163N thgeﬁfgﬂésedj '&B%zg@ijor@ ovel BEtBedr ofeservoirs,
uncovering a reservoir and i1ts nature. This nethod
alomgits Gepthsesxteddigaadf 0 frams Uiticrgase| Eber pergjidtios of
' I Lo el ' b rata,
o o ase B e P RE L B e REE
poetmratiimon gor heydt awtnbon peapdta itégget st hand g i1 raade
he -d4.esi n t y alonl reservoir,
RS0 E e e ol T B O Aot
stdees raderhatne tlestrinsemesnc Dirlasparst usedr erhged tHe
gg R ndake® gﬁvt%c{el}a,n%h'lbﬁ nal Y maw_ﬂnﬁﬁ QQIE@itSitv%.tyn
generating a neasuring el ectromagnetic fields
whth efespentt he Tdisod marbets uhwwpssilpged dpade more
o SHRSEANEN L 9818 PTACL SR LOTL NG, RU1RGREARL che
ermni ng € “electric properties of the section
aanghttdie ofsictbeaprepadfed havédtieyer containing the
reservoir, and thereby its nature. A third aspect of
the invention proposes the use of an el ongated,
AESSEMAPIHY aveiticaldpear bentrd alwsivionpgretéecisfiel d
source, also ternmed a transnmitter, to excite )
pedetded Pagevel cret Y o s gRePyeT G e TRVSHNAST 279 | Hakt
ngﬂf‘%e’a.o WAl m@Enbé NG tdier 18! 86 1104RS MY aBgsdrakpve
each other WO 2007/ 053025 6 PCT/ NO2006/ 000372, bei_ng
etepptdmsgngitin Féalds cialednt 1pr BhRedowdcussar i, swhsea

sgg%%lé ,ﬁ:é%(\i.ac abbescsihe ddansnibies fleaHodaspakt o ng

 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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to pass to the surroundi ng seawater. Such a
transmtter excites electromagnetic fields solely in
the TM node, in s horizontally uniform stratified
structures. According to a fourth aspect of the
wWOoweoToses t he transmitter ener at es el ect r BARYOR06/Q00372
field pul ses with sharply defined term nations and
with intervals where the power is switched off, the
bd RN EHL #a R 56 1dLSP! axkRchd Beoshar b&sdr Rssidel, evig
rise tine froma base value to a required maxinmm
inmyligdedacabbss mities tABRFTE Y 9T &l eFRECRRK | FARWIEAISU EUBRERE

ed heRd 'E%hﬁlgé‘(’%\l&%une%éi bla.dadd. L8R backdsmitherbase

val ue. Thus, reference is provided for a signal
exqittesc epeetroaanaticr Eteldersoliely Lnablen ™ 610Ul 48s

h%gﬂn%glﬁpeu@%ﬁq,f Ak k81 PO esShRG,ABd. i nterpretation

signals returning fromthe surveyed structure. The
receiver carries out response neasurenents of the
el ect.romagnetic field in th bsence of the primar
AGIBIH AL GO of G 0 SHPPPF (B ASo RV o TR BB cter
getfratesmBlecOfomadfhc@ie Of e TR 1SRNRE gk dshessiantdedlihgd
venticallg oriented,, elongat%%ire%givers Co risin% 3
LeraRe tAPPANYRY Y d8FEFERTS WHSTE HRBOPRREY atS Switche

ofth [ fr@leRetn 8l s Pheskeagstl Sfingheneespdresst dowsible
neasurlng a secondary _field in the TM node.
b

rigg AFSgEE0RI§ RaRe VeLEPVEP 3 LUV A Usas

mBGaP sRabl 1 Ofy RGAI vaE RhLGhUPdRIuAS hAAJEKkagwe each
ot her. Accord{qgﬂbp a sixth aspect of the jnvention a
)

shfegtc BORS R isdtl) thREWRRT t1fe HrahsRf TRV Gnd e @

rdRERINES i 5SpSdPided ¢BRUENs1ShT Gt captéddpetien zone
condition. An induction zone is characterized in that

reqed vegnd Fhe o st tsrROSLERS (RUDP £he appttRstotter e,

pﬁodé%sﬁﬁ% L5hE®i A A0 Jre®a YOh 200 74 QpR3045rdturning from the
PCT/ N02006/ 000372

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 TM 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 S(tpa(t)/np)*? applies. Here, t is the time lag from
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the nonent the power is switched off in the
transmtter, po= 4n10"7 Hmis magnetic perneability
of vacuum pa is the average (apparent) resistivity
of a substratumwhich at tine t exhibits the sane
wosemss28s the surveyed cross section, R 8CT/S0R§06/000372
hori zont al di stance (offset?. According to a seventh
aspect of the invention, several receivers nay be
cH ShA I LHE FRASLATENL S 0Bt ANAL! ineSYREILANALS,
nmeasur enen O I'ncrease the efficiency of
uct=hdnél0r7vaym 1@ mmdpngemeabulatghpﬁ d8peEt. ¢fx LhRethe
ave tlé&%&ﬁghgt)tfe %EEE&@ Q?Qﬁ&g%rétéﬂeﬁﬂ h at time
nce Square pulses suppress external nol se,
ttéxh;hﬂtﬁetheqasmeaﬁ@mongelﬂedHE¥eﬂtVeMPﬁhCr¢ﬁﬁrﬂﬁqyépn, R

I 0. ar, accunul ated and the
nean va%ﬁggca CL§£%E%§%3 é8£%%%$6|ng to a ninth aspect

of the invention, one or nore fixed narine autononous

bottom stations nonitor the _variations of the
APRRMENS &0 8r PEVERtel @SPRCEr BB rthe YWELLEont YR Aoi se

ré@ei&@rs@%’éyl PBEASILE R $heARERSHMENLS, aob@ﬁérﬂaw ect

of the invention, pressure 20 sensors are used in
SYRFAN IRAUSORCAPEFPRAREGL 1 6Be8TERY Qo6 eRES e SifiFiency
ofVeld pkes.in the CSEM neasurenents. According to an
eIeventh aspect of the invention, the response
functions undergo a series of transforns and

i nversi ons mnth se uent construction,of 2D, 29D
AR el GRtert S8 Eie HeSRafh, {ihe
tﬁéﬂéﬁiﬂﬁenAgéﬁéﬂafﬁbtd)g@ebmehfé@mﬂﬁﬁﬁﬁbfoﬁqﬁhfe pulses to

i nvention, all_other WD 2007/ 053025
SRR N GFELODBR 7P 1SR ait g0 PR @%o‘f%ﬁﬁe@ﬁe Rfing incoherent

wOER s neakel. Nfige MRdd it elds respehsdhirErmg thba e g-ed

sta e and the_data transfgrnatlon and
and e mean value calculate

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
sengors 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 subseguent construction of 1D, 2D, 2¥D and 3D

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

According to a twelfth aspect of the invention, all other
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data i nversion stage of the analysis and
interpretation, in order to increase the resolution
and unanbi guousness of the s structure of a section.
According to a thirteenth aspect of the invention, al
woepsoswbs t he survey, i. E?sur vey pl anni ng, pdwN©2006/000372
anal ysis, analysis and |nf uence of the shore line,
terrain reliefs on the seabed, the heterogeneity of

<} 854 BRI 808 oL RESBALS s so s (050

dunxngIthngplahmaqg|shmgpaan@dkhﬁsd@ﬁatheap$€gﬁﬂﬂt1°n and
datna;/ %.%r'e%gloht sc‘tféiee M %ﬂgsanéggs e ngdr ?ﬂ@@%ﬁtl@h‘ Ofn

use n mari el ectromagnetic prospecting f
ordedr ¢oaibonsaseitiie esoiet bpparshunbrbhgeersiass of the
foll ng -des tion of the invention, which refers
st qﬁye gt gn%%JE%}aMAngs in which: Fig. 1 depicts
the M curves for the apparent resistivity at the

surface of the sea, for a typical nodel of, the tr ta
AqFalingd tRi BhBRATLESnES 8PPSRt dthitheAnveRyEe eps

oE 'tgle %u@%@%’a 8.4 hasphrsepMnginy e Batth bhel st d a%@tanys:Ls
sea or a typical npdel of the strata w th_and

al%i tlhtﬁ}tleaciaegf s"t}ﬁ/é;hot'fﬁr hinar Jergedyerel kel 9 & cts

sddBed\Tl +6idr ﬁ@Eef&éeﬁJl%yaBEaﬁﬁ@tséﬁ%éﬁtlstha o2b BB irs
seabed, for a typical model of the strata with and

etg thatllatpesi LaTam exthPh tachide (thfeisevef 2507/48536%8
arh PeliNeR9964900372 Fig. 4 depicts the phase- M

curves on the seabed, for a typical nodel of the
strata with and without a resistive, target thin

Tll?eg%en{ﬁcllﬁgl M:'leasp | Cft S{:hteh}%rte I‘g ajl.nve I%Mog?si 52 ages
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;




10

15

20

5 prospecting; Fig. 6 depicts the resol ution of

vol tage curves for PxEx(f)- and PxEx(t) set-ups in
frequency (f=0,1 Hz) and tine domains; Fig. 7 depicts
the resolution of curves for apparent '"a resistivity
wonoPom0es ) - and PxEx(t) sef-ups in the frequyazge/000372
(f=0,1 Hz) and tinme domains; Fig. 8 depicts a diagram
of shapes of current waves present in different

s

ages i §eb Ner SUHEPhaseticugtvel Ooh hend NieRNelONEot Sa
g. 9 depicts the resolution of curves for apparent

resi sti viYpicay mede}seEnilf SSratagyt bl tand WQEQHF a

i nventi op.f oLy 8lectLegrgnatinc 1aikshore surveys; Fig.
10 depicts the resolution of the voltage curves for a

system according to the present invention for 20

electro

Fihemat

' ffsh - Fig. i
RO i UG P GERAES oo FRRchRrPag

and recepy&sSedtirgy;System according to the present
invention for el ectromagnetic offshore surveys; WO
2007/ 053025 10 PCT/ N02006/ 000372 Fig. 12 depicts a

F%%hggg

ti g0l agk &leag%ga%%%okr@ g?g%hé&@%&‘rvéénifbk Fig.

icts a schema

gram of a receiver

uni t; anBxBxH)g: anf GuBklt)ls setselendni EreAuanayi ew of

an arranggg@' 8y a&@@ﬁ%ﬂétééﬂéiﬁgg receivers in a
syst em accordi ng to the present i nvention for
el ectromagneti c of fshore surveys.

Fig. 7 depicts the resolution of curves for apparent
resistivity for PxEx(f)- and PxEx(t) set-ups in the
frequency (£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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The wel |l known magnetotelluric (MI) survey nethod is
used 10 extensively in electromgnetic surveys on
shore, and sonetinmes offshore. The results of an MI
survey are normally presented in the form of apparent
we@losdees y pa and i n’pedarl&ﬁ phase. Fi gur escinG2106/000372
t he acconpanyi ng draw ngs, ich illustrate 15 the
resolution of the magnetotelluric method, show curves
thofor t resistivi ng. i

"o basi SR ShRLLL kAT H L EREIUE DRSS HpLy
Qn h2 =udkim P2 =1 On h3 =40 in, PR=1 Qn P4 =
1 Qn20 and 2) hl=1 km P1=0. 3 Qm h2 =1km p2 =1
Qm h3 =40 m P3 = 50Qm P4 =1 On The first and

rspcand nasel scdeseehbRat e WRE anaytih A receiver
resistive target_|layer (so-called "reference nodel")
and wi t "W 2687 053025 11 PCT/ N02006/ 000372 a thin,
resistive layer (h3 = 40 m p3 = 50 Cam) and enul at ed
hydrocarbon target, respectively. The resistivity of

FEpavdt er depinck s edismbrinat &¢ eplaoc apewdofisar quratangemens of
Om and 1, Cam_.respectively.. T she o PP
curves c%?ar’rge;;snbl&ﬁcg%t & ds%%%ﬁ%ﬁss q\%l %]h ’?P%r\%@vﬁog fing o
hydr ocar bloa gaesrantg ihagetion fices péettvehagndliiguodgshore
and 2 show curves representing the apparent
resistiv??ﬁy?ﬁﬁii npedance phase at the surface of the
sea, for the above described nodels. As can be seen,

the effect of to the hidrpcarbon | ayer is so_snal
THe awsd 1t kaawiojagretiofefareiy (B0 sueaeyaBeeheddinhdtsethe

PAGKALAYDT; 0L B8+ B hEE 06 Wil QRS onMInGHE Yasdy be
I nproved by performng the MI neasurenents

sometimes offshore. The results of an MT survey are normally

presented in the form of apparent resistivity ps 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:

l) h1=lkm, p1=0.3£2m, h2=lkm, pzlem, h3=40m, p3=1
Qm, ps = 1 Om

and

2) hy= 1 km, p3= 0.3 Qm, hy = 1km, p2 = 1 Cm, hy = 40 m, p3 =

50 ¢m, ps = 1 Qm.

The first and second models describe the section without a

resistive target layer (so-called “reference model”) and with
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at the seabed. Figures 3 and 4 show curves

representing the apparent resistivity and inpedance
phase at the seabed, for is the sane nodels. |ndeed,
the MI curves on the seabed are nore sensitive to a

WO0@Ehsxes target (in the order of 3%, but p&hRDE00s000372
resolution is still rather 1tow Furt hernore, the

primary EMfield will in this case be shiel ded by

cqonductive . seawater, ,such that the agc c
a otgilé’r' i RPAGENI® ﬂ%‘%(terZéﬁ% ur \?té)smi’ sé?m"c %%I l(.;ilrﬂ\/\gré(%n f Eelated
hyRakedboasteosgar edspethitdly . Sinef aceisfivity odase@rater

several decades, vario t h b d,
@ S LREUES DEen KRS et fitts oot Ll T et ®
rﬁ;félﬁ_triﬁm_mgn ethe hda&dmeﬂc end (&SEN) dugrvesacdmeespond to

applications. T nog I 25 b
SR EobL AP AT, M e BRFEb ey BYAEET LA SAn b
ré&hessranyet al ., 1987). Here, the Tx and Rx col ums

indicate transmtter and receiver. The first and
second letters, E or H on the lines indicate

e tri,c i Le t Ci a
rEpSRd i pl TRONR ek o CRANAR R bR
rediestliviey andi tmeslagicecphpee ort ridgnétiréace @t fhe sea,

cCOomon ei r asLanal
C ST TR RSO rorEaiaienr e direckens
tfEdueidsagbonl 1ayer985) sossmpbb Uk, thperd) Ak hegely

i ndi.c he | c the agi :

o) SRR DSUELI 000 EDRL ERLRE S5 Ribsuion of

Mrg tesp?f:it mgyyfe Tixixzsrssm @:sn pestororinguithedMT oReATHIRRPRLS
pths) . onpl.et, e i W, .

afei o Ge g Eh P Rdundy PO BT ool Kbl e Bor (M ing che

af@XentFirgat et Gvand ahds Howetlhece adwisgt konthe serbedbstior

eBE i moBbhe- “Hiithuesnd; o uden, HHEChaaas G Yore
s&SEM it Bedai hesistive 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 based on methods that include electromagnetic
sources (CSEM) for marine applications. The most popular
systems that can be used for marine surveys are gshown 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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to frequency and in tinme domains. The cross sectiona
nodel s used for the calculations are the sanme nodel s
1 and 2 as used for the MI nodelling. Evidently ,
this CSEM net hod has a higher resol ution conpared

Wiot200708s92dVT net hod: 25% and _15% for the frequsossenshz
ti me domai ns, respectivelyﬁzkbmever, as 3.s can be
seen from Figure 6, the neasured signal is very snal

E?&Pncp écetézse \xgng!\rteci e‘i:hﬁﬂ frfé:éilu)oqgs‘s g.flsg1 &é&i’o'(tH%reeVEnand

curréht™1n'the transmtter line is
¢ amndigeireashe 1QO ikadn dcmhenemarmﬂ ther azinmuinh gomponent

er hund = I
oﬁ%e%' &néra ed:%§ %%?Srg and ar?§¥%%|a?ﬁ§gﬁfgg§em
isause symnmbﬁefmr isurvieysaphl gseat aehthent e prawdiaten of
otgreVlsur V%ycg@& i eél'%dt hgsc g]h\%kz@{'ll an f)é S§ Chave

Sistance rocar yer 1's not hig
eerdlugh,196gi sti ng CSEM nmet hods can not produce any
results, they may produce anbi guous results or they
may produce 25 erroneous results. A novel nethod

%L%@%e@nﬁnﬂﬂ?ov? LHHee%sbﬁlt‘i@mﬂ ¥ %&f R6st fvepalaal lExEx
nown nethods in that it exhibits a gher sen5|t|V|ty

sefrchy dgshgemerewiath r @9Paet ¥Rraraaos stive;  tHiM i ayer

ﬁﬁ%f% $ 214l regds 1A egh@rsPfrd@ REEEOAEEL&] in
7 y rocanon tar etsa 30 Beyo%d this, this nethod, in

fremisineat 288 W t i SlopRdpEs cThe AHPAFaFRST L PRy iRpdeLs

%%¥Qﬁ%'%HEVSXléﬁféﬂid%%c&revghgqg§&p§%@%§s1§ and 2 as used
2006/ 000372 Firstly, only the TM node is used,

footthe ST aeéelbinon Eyfidensly pr i thiry CSE¥chebRegHas @
h n%r?érd’re%%ﬂﬁl':?%ﬁdccﬁéeba%% L BASELL Wef metBB: f 5% and 15%

asurenents receiver. This is achi eved by
forsi e irbqngncysmh&nﬂ%y@ddogés%ﬁt|¥ﬂﬂQFC¢éV?l¥al$®Weverr as

o3 anged f%ﬁ% rﬁqmg%et cheffnséglééw gfl ant £8NGef small,

ransmtter ante two vertica space
athd aits matyt ep éé@@t@@ﬂeiiﬁﬁ©80ns of microvo ts, 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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arranged above each other, hereinafter also terned
transmtter cable, which is connected to a power

source via cables, one transmtter el ectrode acting

as an anode and the 3.0 other as a cathode, and the
Wwoaoemsioker antenna receiving square pul sesct/mn2006/000372
excitation of EMfields inlstrata, and a subnerged,

| ong, essentially vertically oriented receiver

antenna, herejnafter also ter Cc e Shorf % th
PAGRE L Xre P é’aFi‘ é% r8cBfv (geq)e tglct‘%r \‘gdéé&g% ar?éle ©
p_@ﬂ@é’ﬁl %&‘é'&tr&ﬁa@:ﬂélﬁfc ffl@ﬂ_dt hgenecdiede nbys the astarERdfter
otential differen

a,vert i
¥ REESUERPREY P y%‘ﬁ‘? frans sm’ftéiﬁi'l |g?d strenegd?ft]wD
uMﬂué HeLFigy eBubyet @l amlsehuﬂ&llpfvaﬁtacaﬂlﬁ-ymrweﬁe

ere) and the aci ng between_the [
i ?Wﬁﬁﬁ?tan? eﬁ aPFy e un|for&??é%??g%é%dﬂgﬁgﬁa'

g SOE azéMtllba@myys@@na erEhbhi etels dledthheddy Fotke. TM

nDdes that are |nse Siti e to_t resi g | ayers
arRANGREFRAYE SPED O et eﬁfeéﬁég%?r H5S Hﬁgﬁot

tESHNG e By RARREQPWhBEIE i g:@ahebemlto %eq;@wehrysomh@e via

transmtter cable is sup ul sed r t

caBlemowthe FoeRgHFEteT %‘d%? °gt. 2 Rg% ﬁ?atana%rg‘é‘g? &l ene

gh@@aéng%ﬁw%oaa) Qﬁ&”ﬂﬁﬁ&r&h@ﬁﬁth@rI&hﬁdnnahapee1V1ng
escri be y curve, 81 due to_t uenc

sSEGHm B4 PrafTOhE N 1 R R
%@9&@& NRARMI @BBEL S A By diexpliayely bcyriehﬂ:edr eeepieer

[e"in the tine domain after the, curre in_the é&o

amtéﬂ@m theweinad thEeRl S tCMEE GRFEIYRT CaR/5e 69"

v%!:‘c@egﬁ?rﬁpaé@d' &eerawweelr&&&@aeaeaisaﬁed oz eaehd
only, 1nduced into the strata bg t he_di nlshhng
otherenter f Fasmuere iHaE kg reRARIoane &67&’65%%%%2

@51:@8399@/ ﬂp%gz)%rtm'Q&D s QIHARSBEL ERE €l8dmIi ifdeld.

only an acceptabl e signal sked
T@eptrﬁasylﬁﬁqy‘gleld strengé% will begg?venchyrgﬁe amp?itude

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 ™ 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 8l. 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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Thirdly, the distance R (offset) between the
transmtter and receiver is selected to be |ess than
the survey depth, i.e. s when the condition 0 5 R
S(tp,(t)/po)1"2 applies. This distance, known as the

wiondermkiees zone", |nproves t he charact eri sectsoodos/bdogr2
nmet hod consi derably, as it lhakes it possible to

measure the transfer function with smal | di st ances

WS BESRLANA L 2uBLERRG: LANIAL! 04 POV, A 1O

8 Sigha /n0|se r mplicity, the
a¢&ﬁﬂuabland1gp@hnaﬁuswake@rburﬁ;nngmahﬁ f;ﬁM@ntlon is
call ed "TEMP- VEL" (Transient ElectroMagnetic Marine
Prospecting with Vertical Electric Lines). Figure 9

T}(Ml@ shevg; 3ppMER (besist) Wdtweeandnki gediesnti® by and
shows_voltage) illustrate the resolution. of ,the

rqcawryeIVEE retaetedutoh PRelpettthas the SBOVEY HERM el

wﬁ&f RNCEnaTRISh . 0 aNGk &QBLAI)YuPP ¥ eAlie This
hydr ocar bon | ayer (curves 96 in the figures

diztangeat kBRYRhAS Mo SANEUF Y 25 ﬁoﬂmp€%Y?%d§“Hepths

d—id?:%zﬁ%%&éé' ¥E HInREahA0 oA BV RYably, 2as 3it hkbs Bt
km - curves 91, 92, 93, 94, 95 and 96,

p¢%%1éé@t toempasTre B sEanFEer HUNtirPe¥ifs Stin The
dlé%ﬁﬁggéegh%ﬁs'2%%E%iggaﬁa§sb§@¥bﬂ§”€ﬂ@u@§ego|ﬁh&ﬁﬂd& an

ply to a length of 1 mand a
a@gﬂpﬁﬁhlevangeabfnqy$e Kgtéan be seen, the position of
the left branch 90 of the 25 curves is determ ned by
the thickness and resistivity of seawater, as well as

FéY dipiliengiyh end geowat exdoippde theweccoedbhe. td e
target is resolved even_at a dept h of

) ) ) %ﬁg m Thet.

iRveNisRgd si Sahber t TR YRGe A i

M&51 A0 523 /0B 30 Swilin BG?&&B&DQ@ﬂé&HEiEQLlhbe)S|gnal may
be weak in situations where the target is |ocated at

a great depth and has insufficient resistivity.
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 bqth 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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The TEWMP-VEL set-up exhibits four paraneters to
enhance the signal anplitude; Length of transmtter
line, transmitter s current anplitude, |ength of
receiver line and offset value. in real situations a

Wwonb@ekatd on of these paraneters will provedenbbmenoos72
signal value in the range flPom hundreds of nanovolts
to tens of mcrovolts. The nmeasured response is then

converted i nto resistivit io._re pye ‘
R L BRY oo TR it e WEEY b BRI is
168dma athe JEAR: \Adptirethddhatesiorsiufédei ent Heepradivity .
section_is realized.through - p t us
¢ R D s AR GRS 0% Ao hreEeyE 8 PRALAILS the
s S@BEap115udd P2Ledafte bénteamemitees 1104, artchristd3 ter
denote a surface of the _sea and_a-.seabed
SR SmplabTasa GTAT Erei R Aine fha EHGRS Yatue.
A 11 @lisaateoneds andmipniatiseraf tGeseopananeters will
receivers 1109 are arrang at_defined . dist e(s)
PFRGAS fbey BLgRrt TS 207 EaF e dd e thEr ARG
n¥esealts1t84tand dhenidreneiver/receivers 1109 are

stationary for the tine it takes to collect the data
at the quality that provides the required

Tﬁl rg%¥|1%b§§e£§£%§) fgtﬂ%%ncggﬁﬁgfgédI1ﬁEotE@sﬂé@§0ﬂﬁ& of
fe AraCi SSe0rtabl € for furt her processing, the
rebsisete TH04epEhcHangah ivesipesinetdwds whigh| wihke Reet s
of recejvye 1109. This is the primary survey nethod.
dﬁﬁgggfgLéfﬁéw'mhen a survey is perfornmed al ong
profiles and there is no need to accunulate data (if
t he depth of the WD 2007/053025 PCT/ NQ2006/ 000372 , 16
Thy FBETVESNmpEhed desaitercientty RyRICPSs BAFELIRtYod

r&éi&é&é 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 gquality 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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changed to a sl ow constant novenent of the vessel 1104
with. the transmtter 1113 and tow behind receivers
1109. The vessel 1104 is provided with an antenna 1105
for 5 conmunication as well as a power supply unit,
Woso7loSdosed generator 121 (see Figure 12). ptigREX06/000372
current is generated by th&épower supply unit 121 and
passed through cables 1107 and transnmitter el ectrodes
1108a, 1108b which are arranged at__different depths
hpiroRerien IPMSE ARdSREFHTieRtlanshritler thisafiebhAg can be

hbPBedThe DAYy BBABAANPZnRferntl 8ASHAd tRIssbl131b8 with
equal to LT, x I, where LT, is the vertical distance

ther FEeRST Heen AdAdnrRd efowtkebipgdeecainos® 14P8sb and |
Is the anperage. The greater Pz is, the better, as
this noment is of great inportance to the regi stered
Thegrnabsehl U04 iis Pheviaad vmoﬂdiahi antappl iIGS)St dotthe
receive vert i cal nB pnent

Lo EEhY ShEATL AR VELE B8 F rifiegs SPHBI R o By SeuFPEned

demetrheot re21s mstetegeFlcjl;ﬁié ix) rrmuyedunb:yemas okenepated by
BB e S SR T s gt ano

talhaeht btkes A@ctiddas 1144, dﬂm)laBCirEﬂclt caﬁeham:aagedeat

c s 111 and vertlcal ance
Giteetlc GPiR it ore St get ittt s (S ins iz aR s,
ah(ﬁehﬁ’& 1ir(rﬁh \mleupowéramomauelp\zedfﬁagnladnéc{iiﬂtsalreqmah ie

Ez ere |1S_e al the el e rca
e@aﬁﬂ;oﬁgr&noﬁf Mégi%@ewrggl éﬁaYelftﬁaﬁe ssgnce between

thhier €ebh et t tEye e\lébta@@e:@fljtd& nMeassn es;h&ugri& the
to L4 if poth.th transmtt . line and,

orti onal
ag‘ﬁég?%%el TR FeRtehabz 1% het%eaﬁ’ﬁtF%ﬁgﬁF i Jemegts g of

gepthigbotthrceedo ThYSrédstde@esagnapnditdeons for the
TEMP- VEL system are highly favourable when the

reservoir depth is great and LTr and LRc 30 exhibit a
Th'lgnggrlr?e onﬁglogogp}gif g echaenEScr:gg\?eJ!s :1130_95. I&é‘e
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

1illa, 1111b connected to the receiver 1109 by cables 1110,

' and where the vertical distance between the receiver

electrodes 11llla, 1111lb is equal to ILy.. The value of a
received signal Vz is equal to Ly, 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 Lpy and ILige

exhibit a length of 500-1000 m and the amperage I = 1-5 kA.
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WD 20071053025 PCTI NO2006/ 000372 17 There is provided

acoustic units at the el ectrodes 1108a, 1108b, lill a,
[11l'b for exact determ nation of the position of the
el ectrodes 1108a, 1108b, Illla, I111b, and al so

woesmusm2ssensors (not shown). Qoviously, itPCHENODNG/000372
possible s to install the ttansmitter el ectrodes
1108a, 1108b and lilla, 1111b, respectively,

bsolutely vertjcally above each 0 her NbreoxggPEQhe

Se S 1RBAVIHRFe 8CPP BT | 3P Aligt PR 1SREESEeS

dusr, 01 14, and 1eUEbenésact! %%mhn@ﬂ&m icanghef posheion
transmitter e ectro regi sterced,
dhdheoctRety r&d Eori@gﬁWo&é&Qaat 'cgpguﬁgfgd
i shalkeBeh ¥ (AGEOBRGWH . tdwldatsayprmesgshm abdsible
retation. The data from the NnsSoL,s

o odEBLE Hhie ETERBMERE D) SLECRERRE 0L B el B St i T1a,

BuntAceeohedthierel9d. abBBILIG ]antvleaﬁ 1581 e eibdke eversether.
1104 and all the recelvers %ﬁg $ Ia e Vi a
MoreoxRt ent® veEssL 1194 15%%8 SRR ¥ &

WesRieheft edawt oFivgHaCad® aliownta. btmkrémagfoaﬁwbns of
the transmtter 1113. A ower erator 121
SR A R R TN ey LT e P A i
the FeBUk S84 4eNAIREObnd 2 234 tH Q.ss%&ﬂ.eﬁlé)lfedz%r@lt&kén into
current pulses like that drawn in Figure 8. The

SAFORPE oD oFhe HiélténPéﬁae%?¥n%taé’€e§n59r?3ff’eta&ﬂ°§’es TogvERE2

£ thangfefuldl 5Q0s886008lSusdd) thr 26dhée, tH &P rbsge
series are fornulated by the controller 123 in a way

qavgedshppradsee i bhsesui freh afe i€ 252 bet ween pul ses
and noise is determned in the wait state when the
transmtter current is swtched off. Atransmtter
aaimunQbh et od 2@ theehr ahs tvaesqgiovianigenéral brehE keceligers

I
f¥ﬁ9s%akes place via the 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 acguisition process, real time control of
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generator 122, the process of delivering power to the
transmtter electrodes 1108a, 1108b, the calibration

of the 30 system the data acquisition process, rea
time control of WO 20071053025 18 PCT/ N02006/ 000372

wo 2007/0sk@s entire system etc. The cabl es 110PCamn©2006/000372
termnated in the transmitté® el ectrodes 110Sa, 1106h,

~which have the ability to eff|C|entIy transfer the

rrent ul ses to seawate nin a,st bIe
éhﬁm%ﬁ g éﬁ'lnmﬁﬁ %ﬁ'liﬁgaarg IR ﬁglbﬂlthe
tafarmgeﬁeﬁt eiézftxtdaésTEma\/Elenoveyamls ha'cxfet a;lhleOEBliylty
%# stration”, the vessel 1104 and the receiver

el en Pl R T, e (S g BELES® | P eRyrReT RS

NQCASS AhYa Gsed b1/ pok i FEAS Whehmitigedatia. tHdavater 1102.
communi cation block 124 takes care of the

connunication processes between io the transmtter

%r@ﬂglgéi éﬂ%n%%%ghéfefér 1409 w3 _gar, alkeana; 1105,

and participates Irn e data acquiSition process
tsratuigheuy témisurarépn” Cathdrassed 6104 endydicemergivers

f 0 d t j st [ .
57 35TRS PELL 00105, b U4 i USSP UK ice ene
ﬂHﬂBﬂia@y aua&ﬁay(dfemhasumﬁmﬁnﬁ|dataheThef¢OMMunﬂdat¢bn

265 BRI |SISLEVLY QNS0 CULLDE S S 1L e
uhﬂ ¢ubabmﬂtt@5pmmx§eaﬁdraza tlealreteiPeVEL1 & wip an

onet r dt wat er condu Vit and conpare
e 1R i ST hEeeee T Sish s, 2GR AYTRE'
pxmm@@etthrbngﬁnﬁmMEnedr@éthe act ual condltlons in

consi deration of tenperature, salinity and pressure.
Figure 13 shows a bl ock di agram of the receiver 1109

c‘ba!llbﬁbg%ﬁ Jf e dadugeds eleoddhe fb@kﬁo%ﬁce{ﬁﬁgs W84 ng

y neans of e récel ver antenna or ned
trh@ceqegestcafbi@s pEPtesehafFra® tigreariteatémen tthﬂe operator

197, PRLALLSGY d L&Y Ehebk SAd UGS nk! tha' 1e£t 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 receilver antenna formed by the receiver cables 1110 that
terminate in the non-polarised receiver electrodes 1lllla,
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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[111b. After anplification through a | ow noise
anplifier 132 the signal is digitized through an
anal ogue/digital converter (ADC) 133 and transferred
through a receiver control unit 134, a comrunication

WwbQ6de0dses and the antenna 1112 to the 30 vesepNoIbldhos72
for full processing and subldfequent analysis. The WO

2007/ 053025 PCT/ N02006/ 000372 19 receiver contro

unit 134 changes the data acquisiti arran enent in
ra@%bY%nghu%bﬁngaWd§hﬁP8ﬁ‘?tﬁé \P?és“?eFCﬁb LE1%khi ch
a!?Qaﬁgénértte iR LABEYaLedd ke thotottendariteyn. thb evedgalis 04,
may al so be transferred to a shore based contro

whbk rkougRsy dhespriealy FSELEPoReT cCHhf KA YeYe. THReS1onaLS
mﬁfyr 2 9P e rbl-pddl wpk shase bsesedliplcepedcbisas wiiere

Informati on about the area being surveyed, received
thesen derid iswisc 8RN aRY ®physi cal data. 1D, 2D, 234D or
3D nodelling of the electromagnetic situation is
produced, and the i0 expected signals fromthe
ThEMP: MEle By Siferhar eieMdlwsaketas Boddn ddeelopeiinbased on

arrangenent for t ntlnstallatl
T L N St
g’(eb@@@lcﬂ ahia gedapHysheaY eitar etiDy e3D] UADEri ADthedelling
vertical and horizontal |rect|ons éjw 8f B

ce and t

ohoERE T HTBIREF I GnyE 8§71 &% sﬂfﬁ@P mFicgur 6
e§B€c€é&IéfgﬁaﬁkveyoﬂrfﬁeITEM&-VEdedystém)amwbawaasat5®ezsoth

vessel| 1104 carrying the t nsnt er stat
the ORbLTER e E G 1 G RRa RV T HE. 1R e 18k e
mkSuseRt 0y ed raabemnadt tdee ‘tﬂ&&ﬁbdl@ﬁ4t1&é Helid sdio$t ane@e
that satisfies the 20_inductiQgn zone reqylrene

sEgpeherdst e TRENHEPR 7SO 8ﬁoh’6u§h“f‘m ettl&a& i ¢

h§}§§bgﬂ§1kﬁ;éc§lgggloyed in the area. These stations
141 are used to reduce any noi se

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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produced by geomagnetic variations. The duration of

the neasurenents in each subarea is determ ned by

many factors, 25 including the characteristics of the
section, anperage, ocean depth, the length of the
Wwoaegmsiober and receiver antennas 1108, 11p&1/NO0EE0372
etc. The synchronous or asy@@hronous accumnul ation of
data is carried out during these neasurenments. After
checking the quality of the data, the 30 vessel 1104
EMd osing, prepregessdng mdenglysissi thenedl 197ted Aewa is
& 1067k eenvéégé’@%t%%%éaé’%yxf&l%@@é/ 8P08d Zapptrent

Fol | ow ng preprocessing and anal ysis, the coll ected
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category of gradient sections, or it is inverted into
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the el ectromagnetic field structure from |ateral

IrsierRdnbgenkemoERneditd of0ar S IRt SHPPERRtink. | Hiredsvension
1S REELCHAR: i TdBRAG! $ni Bnd NS HAreBEEPOr ¥ dthdt her

I nSt ances, dat a I nversion an_d I nterpr et ation are .
pateocred fata oinvsdeioni and HntEpprethbior I Radgergd in

|hisoghaphy S &g%ﬁBESBBU@Aﬂé&?:‘} on no. Published
I'Eop icant 4 644 887 10/1985 Kauffmn et al. is 4 617
518 10/1986 Srnka 5 563 513 10/1996 Tasci 6 320 386
11/2001 Bal ashov et al. 0 052 685 Al 03/2003

Yet al .
US patents
Publication no. Published Applicant
4 644 892 10/1985 Kaufman et al.
4 617 518 10/1986 Srnka
5 563 513 10/1996 Tascl
6 320 386 11/2001 Balashov et al.
0 052 685 Al 0372003 Ellingsrud et al.
0 048 105 a1 03/2003 Ellingsrud et al.
6 628 119 Bl 10/2003 Eidesmo et al.

Other patent publications

Publication no. Published Applicant

WO 01/57555 Al 09/2001 Ellingsrud et al.




10

15

20

0O 04B 105 Al 03/2003 Ellingsrud et al. 20 6 628 119
Bl 10/ 2003 Ei desno et al. Other patent publications
Publ i cati on no. Published Applicant WO 01/57555 Al
09/ 2001 Ellingsrud et al. WO 2007/053025 21
wohod¥2§86/ 000372 WD 02/ 14906 Al 02/ 2002 Ektimoscosichos72
et at. WD 03/025803 Al 03/ 2603 Srnka et al. WO
03/ 034096 Al 04/2003 Slnha et al. WO 03/048812 Al
e or 5 ot atio
zﬂgéﬂk/ﬁl&g X avo S., E%glelt Elu(a %I FTQD%SGH l.
Skogen E.; 2003 Svanen Sea Bed Loggi ng_( SBL) Survey
W@?é’@drotzwm%lsen 32803 Johans®ke o éden T.; 2004:
A Sea Bed Logging (SBL) calibration survey over the
wdrodA03@asei Q1 Fi el d4/860h EAGE Condter encel& Exhi bition,
Paris, France, 6-10 June 2004. Chave A . D. and Cox

S tral I f
Wﬁ@g&#?%@gﬁ?r e 20t 1 vi Ty BeRS BRL. cueans

. Forward Probl em and Model St udy Journal of 15
t%lophy& cal Research, 87, B7, p. 5327-5338. Chave A
er CHRIEERFEORE C., Edwards R N.; 1991: Electri cal
Expl orati on Met hods for the Seafl oor. Chapter 12. Ed.
by Nabi ghi an, Applied Geophysics, v.2, Soc. Explor.
AR eeyS HCE, F TUsFanavdkllas. p. LASI:1066 , 20 iGhessmah. ,S.Skogen

T R Rbeavaney Bek fen faating LrARE; ShARY nebrtca

el ectromagneti c systens. Geophysics, V. 52, N2, p.

204- 217
Amundsen H.E.F., Johansen S. Rgsten T.; 2004: A Sea Bed

Logging (SBL) calibration survey over the Troll Gas

Field. 66" EAGE Conference & Exhibition, Paris, France,

6~10 June 2004.

Chave A.D. and Cox C.S.; 1982: Controlled Electromagnetic
Sources for Measuring Electrical conductivity Beneath the
Oceans 1. Forward Problem and Model Study. Journal of

geophysical Research, 87, B7, p. 5327-5338.

Chave A. D., Constable S.C., Edwards R.N.; 1991: Electrical
Exploration Methods for the Seafloor. Chapter 12. Ed. by
Nabighian, Applied Geophysics, v.2, Soc. Explor.
Geophysics, Tusla, Okla. p. 931-966

Cheesman S.J., Edwards R.N., Chave A.D.; 1987: On the theory
of sea floor conductivity mapping using transient
electromagnetic systems. Geothsics, V. 52, N2, p. 204~
217




10

15

20

25

WD 2007/ 053025 22 PCT/ NO2006/ 000372 Chew WC. and
Weedon WH., 1994; A 3D perfectly matched nedi um from
nodi fied Maxwel | 's equations with stretched

coordi nates. | EEE M crowave and Cui ded Wave letters,

Wo 200/0s098- 270. 5 Cox C.S., .Constable S.C., pPEN®02006/000372
A D., Wbb S.C.; 1986: ﬁ?rolled sour ce

electronagnetic sounding of the oceanic |ithosphere.

Nat 32Q, abl e

C%W/g'{'gi'eﬁ n% W/%d%r ri soﬁq]-?% b 3§9&rfe(grt?%g%aé0§ed
magleet. oh ef +on |mlffcnedpmm1éIUm esgphbiens onthl Gtpgrehad
no 225 B80T B YSL A an ORI vV R ers: 4,

Morri son.
19°#0: 2EBez10 0magneti c |nvest|gat|on of the sea floor:
CGeophysics, V. 35, p. 476-489. 15 Edwards R N., Law,
L. K, Delaurier, J. M; 1981: On neasuring the

cS‘Jceéts” CabnSORINSt b 1Y @hykhg. SCeARIL SCEUSt 1bg6a
fi'ed gggnetonetrlc resistivity nethod: J.

Gecﬂmtgol sourCes ] ep T AR E6ESUnERG s TReNOTeante
Noqgih@%g?erébQEémIEeVB@@ B. 53984; O fshore 20

el ectric expl oration of sedinmentary basins: The
effects of anlsotropy in horlzontally |sotrop|c

| ayered nedia, h SICS

CRRAe AR PERPES RS noPPYesies Ca- BRI F
BongosM MamrTé Im:ﬁtﬁtelﬁ)etﬁm i fi. @ebmlé@s&xﬂqmttlon
results of 25 the MOSES, eﬁggrlnen

t
corf@dtt i B ySShd 9tc erEiE ?eﬁ%ﬁtﬁ5T|§ﬁ°S%Xﬁlcﬁlﬂ 6t &
Brind.sh,Ggl ugé-ag250y WO 2007/ 053025 23
PCT/ N02006/ 000372 magnet onetric off-shore electrica
soundi ng. Geophysi cs,

Coggon J. H., Morrison. H. F.; 1970: Electromagnetic
investigation of the sea floor: Geophysics, V. 35, p.

476-489.

Edwards R. N., Law, L. K., Delaurier, J. M.; 1981l: On
measuring the electrical conductivity of the oceanic
crust by a modified magnetometric resistivity method: J.

Geophys. Res., V. 68, p. 11609-11615.

Edwards R.N., Nobes D.C., Gomez-Trevino E.; 1984: Offshore
electrical exploration of sedimentary basins: The
effects of anisotropy in horizontally isotropic, layered

media. Geophysics, V. 49, No. 5, p. 566-576.

Edwards R.N., Law L.K., Wolfgram P. A., Nobes D.C., Bone
M.N., Trigg D.F., DeLaurier J.M.; 1985: First results of
the MOSES experiment: Sea sediment conductivity and

thickness determination. Bute Inlet, British Columbia, by




10

i5

20

25

V. 450, No. 1, p. 153-160. Edwards R N. and Chave A
D.; 1986: On the theory of a transient electric

di pol e-di pol e net hod for mapping the 5 conductivity

of the sea floor. Geophysics, V. 51, p. 984-987.
Wheae7ds3os ; 1997: On the resource eval uat i oRCTNORM@S/H9372
gas hydrate deposits using~sea-floor transient

di pol e-di pol e nmethod. Geophysics, V. 62, No. 1, p.

63m£éne£9m§@w @%stﬂlare 1988: ey 101 dis SBNSiIRNakeBPHEE L 89,

of a’towed Iin- line electric dipole-dipole sea-floor

el ¥ct Fbfagiret ile Psy3P2md60rhe opti mumtine del ay or

frequency for target resolution. Geophysics, V. 53,

No. 6, p. 846-853. Eidesno T., Ellingsrud S.,
E&Mx@’sﬁ‘g@f NL. dhd Epnsd ahl ®.3. 1986nhan tie MhEoryJloliaasen

N.. and we Sea Bed
Lo§5ﬁﬁ§1$%%ﬁle%rﬁ HEPhScinalsl ERBRaT AoF gbbipo the
| deshhteadivn oFf th;dé@@af_b@crr.f iddogtlybayer svi rbl, p.
dee areas. First Break, V. 20, March, p. 144 -
153 4EPSlngsrud S., Sinha MC, Constable S.,

MacG egor L. M, 20 Eidesmo T. and Johansen S. E.;
2002: Renote sensing of hydrocarbon |ayers by sea Bed
Edvoggisn@ - ( SBRY7 : rass ihies resonree evaliuesienf afiorarineysies.

i nyFaGe Bereiite, lind oA qel Exab gl €1 Yippe-ajpore
Remetbo&ha®erihysiizat | ¥n 62, Hydrdcapboﬁ3+744ed

reservoirs W 2007/ 053025 24 PCT/ NO20O06/ 000372 at the
Troll field by Sea Bed Loggi ng. EAGE Fall Research

EMIKENep NRN0666g : GReCBimektiltnd3r odepimper 2@0ded in-
G eer A A thC}e or L.M and Weaver R_; 2004: Renpte

MRpARegeAEC Ry di?&rod@rfdéi’f)éﬁt spat R e lce tACRRGRSLC
So%&%%em. The optimum time delay or frequency for target

resolution. Geophysics, V. 53, No. 6, p. 846-853.

Eidesmo T., Ellingsrud S., MacGregor L.M., Constable S., Sinha
M.C., Johansen S.E., Kong N. and Westerdahl, H.; 2002:
Sea Bed Logging (SBL), a new method for remote and dirept
identification of hydrocarbon filled layers in deepwater

areas. First Break, V. 20, March, p. 144 - 152.

Ellingsrud S., Sinha M.C., Constable S., MacGregor L.M.,
Eidesmo T. and Johansen S.E.; 2002: Remote sensing of
hydrocarbon layers by Sea Bed Logging (SBL): results from a
cruise offshore Angola. The Leading Edge, 21, p. 972 -
982.

Farelly B., Ringstad C., Johnstad C.E., Ellingsrud S.; 2004:

Remote Characterization of hydrocarbon filled reservoirs




10

15

20

25

5 EM soundi ng. 66th EAGE Conference & Exhibition,
Paris, France, 6-10 June 2004. Haber E., Ascher U.
and O denburg D. W; 2002: Inversion of 3D tine
domai n el ectromagnetic data using an all-at-once
woooaskzs subm tted for prcé; ntati on at theprZ2NA200vD00372
10 Internat. Mg: Soc. of gl. CGeophys. Howards R
N., Law L. K, Delaurier J. M; 1981: On neasuring
t heggel r.Cal L\l Ly anj
a8l 8L AL GoRdN G Wy £k LB%‘?%@%%{E#%& iU edlarcn

a nodi fiée magnetonetric resistiv

Geolipykshage Rhodgs, @reekr60991H@857 Sthtévhenszn4s. E. |
Amundsen H. E.F., Rosten T., Ellinsgrud S., Eidesno
T., Bhuyian A H; 2005: Subsurface hydrocarbon

caeteches. PyMAI@EgoRNBINetdr@ weukding. ; Figesl. Befske V-
23, .., 31-36., Kaufman A. A, and Keller G V.; 1983:

Fr e‘&%&’c‘iﬂ a?_r?dhﬁé@?%”eﬁ?‘%&ﬁnﬂ?h@%.m%ﬁ?eﬁa‘éﬁ{e Source
El seni e5urGingNCe6PUBhcE Eonferendhlk 4534ipKenonF pd)-ig,
Westerdahl H, Ellingsrud, S., Eidesno T. and Johansen

S. ; Foee. &sddhdd™rogBPhyg : A possibl e direct

hydr ocar bon i ndi cator for deep sea prospects using EM
25 energy: G| and Gas Journal, My 13, 2002, p.
H3DeB8E. WA LKEH 053625 @LEenPGEGND2006/ G2 I1nhBe st €906 F
L. 3 i,nha Iglo' 2000 ' contr.ol | ed-source

: e _of [N )
el &1 ronkg NS Féns%%%céésrﬁﬂaﬁaggﬁﬁb‘g%%?sa’ﬂstmgxf)’flo?lajc’lacfn‘.once
Ceoptysiacdl: pubsperndd fpr Wred8ntprickDAt- 1£8672°¢ ann.
MacGr.egor L., Sinha M, nstaple S.; 2001: Electrical
5 r%gsz SRt rdi $%°e‘ Vi gox?i‘F?%%%}}Yﬁ_‘au Basin, from
marine controll ed-source el ectronagneti c soundi ng.

Geoph. J. Intern. V. 146, p. 217-236.
Howards R. N., Law L. K., Delaurier J. M.; 1981: On

measuring the electrical conductivity of the oceanic .
crust by a modified magnetometric resistivity method: J.

Geophys. Res., 86, p. 11609-11615.

Johansen S.E., Amundsen H.E.F., Resten T., Ellinsgrud S.,
Eidesmo T., Bhuyian A.H.; 2005: Subsurface hydrocarbon
detected by electromagnetic sounding. First Break, V. 23,
p. 31-36.

Kaufman A. A., and Keller G. V.; 1983: Frequency and
transient soundings. Amsterdam, Elsevier Science Publ.

Co., p. 411-454.

Kong ¥. N., Westerdahl H, Ellingsrud, 8., Eidesmo T. and
Johansen S.; 2002: 'Seabed logging': A possible direct
hydrocarbon indicator for deep sea prospects using EM

energy: 0Oil and Gas Journal, May 13, 2002, p. 30-38.




10

15

20

25

MacG egor L., Tonpkins M, Waver R, Barker N.; 2004:
Marine active source EM soundi ng for hydrocarbon
detection. 66th 10 EACE Conference & Exhibition,

Paris, France, 6-10 June 2004. Marine MI in China
Wwot2bo7fdesmeni x equi pnent.; 2004: Published bycPRo200sm00372
Ceophysics Ltd., issue 34, 2|§. 1-2, Decenber 2004. 15
Singer B.Sh., Fainberg E. B.; 1985: Electronagnetic

i nduction i n non- un| f t -
MpeGredghder Binkh M- 3@&81 !\}2?% Ad‘c'a rﬁQSI u%%on piE-souree
MeatRlcl r&ma §aeat ¢ mnamn@ afpat rauﬂwbnsa@dl expleewthysi cal

Journ. _ Intern. 120,
éi?@rphﬁsw%c@‘&:}%ﬁ“EW' ngf%gsgny {7 Vi Jf%/&iso
hydr ocarbon targets using marine active source EM
soundi ng: Diffusive EM mappi ng net hods. 66th EAGE
MEoBfegends ,&SERhabiti slonsPabis, S 04 BleptuifRt

2004. .W.i.gh ks raldeEebbs Homd
ZOd:f 12q,§l% é}fo%f 11(‘)en"7vJ gltue%tl ondg\%lt a ]r?ul ti chanonelmarme

t r ansitenil 1\@&2@@:7@%@2&@@%%%@@%@03@?? J.
r onag syrv h Ann. Internat. Mg,, Soc.
of BT Cophos: iy aTahal

und T.A., Fanavoll S.; 2004:

Nor wegi an Sea: SBL case study. '66th EAGE Conference &
Exhi bition, Paris, France, 5 6-10 June 2004 me% m
MpcGyegoEdwar FOTRKARS MawWearer BondPMAES M1ogé! a
PO'QH?%J@lsbﬁréélﬁﬁcgbdﬁﬁih r@&tOﬁy&&bdéﬁ%odeﬂétééﬁnon 66"
floor: The feasibil the M NI - MOSES exp 'BEIH

Ce GHABRs iGesifergncs & %Kl*@ltlﬁnrlé’@g ifg18TapGe Yuéml une
Edwgggh R N.; 2001: Towed seafl oor el ectronmagnetics

Marine MT in China with Phoenix equipment.; 2004: Published
by Phoenix Geophysics Ltd., issue 34, p. 1-2, December
2004.

Singer B.Sh., Fainberg E.B.; 1985: Electromagnetic induction
in non-uniform thin layers, IZMIRAN, p. 234.

’ Singer B. Sh.; 1995: Method for solution of Maxwell’s

equations in non-uniform media. Geophysical Journ.

Intern. 120, p. 590-598.

Tompkins M., Weaver R., MacGregor L.; 2004: Sensitivity to
hydrocarbon targets using marine active source EM
sounding: Diffusive EM mapping methods. 66 EAGE

Conference & Exhibition, Paris, France, 6-10 June 2004,

Wright D. A., Ziolkowski A., and Hobbs B. A.; 2001:

Hydrocarbon detection with a multichannel transient




10

15

20

and assessnent of gas hydrate deposits. Geophys. Res.
Lett. V. 27, No. 6, p. 2397-2400. Yuan J., Edward

R N.; 2004: The assessnent of marine gas hydrates
through el ectrical renote sounding: Hydrate 15 w t hout
®OR07@swRhYs. Res. Lett., V, 627, No. 16, p. P2B8?2006/000372
2400. Zi ol kovsky A., Hobbs %., Wight D.; 2002: First

di rect hydrocarbon detection and reservoir nonitoring

i ' . el thcs. Fi e V. :
o, CectF TS SEELEPTONNS MG, Tl Snaatty s
el eefrBrmyned¢aphvsr.vey of electrically resistive

target objects that potentially contain hydrocarbons,
characterized i n that the s nethod conprises -

wekeuaanal A o wnRlAQt & ¢apochandshRld il 62a0f s8L case
stratum bei ng surveyed by use of the TM node of at

| eaSFuShe & eckd renfeef EEHR el Q1 FRF igngFrance,
regesie atied afos4.he TM response; as 10 - intermttent
source current pulses (81,82) with a sharply defined
termnation are generated in the at |east one

l.ect r onggnet i i_el.d rce (1113); - th . .
AREF R Tart o eEod Frtry Sl £a) | oty .4, govs:
t r arsliwreted tic aulfibderagedoressent oaldhe \deebi ead £lldor:
tr mtter..antenna_ (110 n nsmtted intg the .
stra %qg%ﬁﬁﬁﬁﬂ%l$33886§§%%éﬁg“ﬁﬂ%éﬁiﬁﬁﬁ%ﬁfﬂﬁytat8?%é§X51CS'
onev. receiNeer 9(1H09)sakeqlsaged in the induction zone

and provided with at | east one subnerged, essentially

Yuan J., Edward R.N.; 2001: Towed seafloor electromagnetics
and assessment of gas hydrate deposits. Geophys. Res.
Lett. V. 27, No. 6, p. 2397-2400.

Yuan J., Edward R.N.; 2004: The assessment of marine gas
hydrates through electrical remote sounding: Hydrate
without BSR? Geophys. Res. Lett., V. 27, No. 16, p. 2397-
2400.

Ziolkovsky A., Hobbs B., Wright D.; 2002: First direct
hydrocarbon detection and reservoir monitoring using
transient electromagnetics. First Break, V. 20, No. 4, p.
224-225




io

15

20

25

30

20 vertical receiver antenna (1111), in the tine

bet ween the consecutive current pulses; -
nmeasurenents of strata response in an induction zone,
i.e. in an area where the horizontal distance between
the at |l east one transmtter antenna (1108) 25 and the
at | east one receiver (1109) 2 equal to it and R5
(tpa(t)/po)l1l"2, wheret is the tine lag counted from
the instant after the electromagnetic field source
(1113) has been swi tched off, po, 3 4nd0"7 Hm and
pa(t) is the apparent resistivity of a substratum ao
in the period t; as the at |east one el ectronmagnetic
f1el d Asmathed Aor( anle)ectiygmagretic sundeY dfe elecbrically

(1109)re?§§ti\§é"Q@‘%Qgﬁdoﬂj{éc@sbegé/t YotvRt 84111 Hodkair. A
met hod for an el eCtroneagnetic survey in_acc¢ordance
wi th Gvdracarbansar ae e 2 &dCith & Fak 2t A¢d sidyrr thet the

pul sesetBda &dprideseed each other in a specia
sequence which is incoherent with_a gresent, si,gna

noi se,” andi¢terpdnationefs slegtpiralheharacterdstigneet 2

recei \Rkatdd GVindl Sustafdiedyt GsdIotvVicHe B mdd@hak/ aei se
ratio_which is sufficient for_detection %P 5 th
%i} v

t ar getteast mepalpshreraangticl E481Db FRYRES |
aCCOfd:%?QstréMitdih Ckatne T #Bfpense;Characterized i n

that a furfher suppression of signal poise, j.s achi eved
by pr 6cesstHETRECED RN IGEO '8“3%?% gﬁd ??Eéw*éb
coded aSgHaES1 P HeFEndat Cerrlihat 8 .are glnerdtall ihorhanat
el et I AN Y S d e e 3SR O SBurce (1113);
- the intermittent source current pulses (81, 82)
are transferred to a submerged, essentially vertical
transmitter antenna (1108) and transmitted into the
strata,
-  medium responses are intercepted by at least one
receiver (1109) deployed in the induction zone and
provided with at least one submerged, essentially
vertical receiver antemna (1111), 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 < (tpq(t)/up)t?, where t is the time lag counted
from the instant after the electromagnetic field
source (1113) has been switched off, po = 4n10~7 H/m,
and p.(t) is the apparent resistivity of a substratum
in the period t; as

- the at least one eleétromagnetic field source
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time coded water pressure recordings, 20 which are
collected in the inmrediate vicinity of the receiver
antenna (1111) of the at Iea€% one receiver (1109)
and conpared with the tinme coded source pul ses (81,
82). 5. A nethod for an el ectronagnetic survey in
accor 2 ith Chainsg 1 -_4 Cafe € T |
z e dgﬁq%% Fﬂatt e fScilsPoh 5 E%ﬁ?ll%n%eqtl ggg, are
neas usihilitiged thangedyt b€ wpreratlih@Rvode, change
nmeasurenent sites or retrieve one or nore of the

ans ety LPG 4ic IHARY iA108Eorduhes,
Igﬁl I a}} q{ﬁﬁﬁﬁo% Qéﬁ%%rlgkﬁgégag% fgl.l ow ng an eval uation
and/ ovithuldlagm partd Bla X ateipeet 47 dhf * Re ath 68
data. .74 orff- plin 654 had | 85) afhcleeqt sasmeRaCis U vey in
accordance Wt aimse 1 - 5, characterized in _that at
| east spesimloseguencs whichets dacahexent witss g PEPTY a

cent ré‘igﬂ%ﬁ%%%é@[ a0 R9abYsad nellsuréd yAknti &€. 1ehstA
net hod Tor an el ectromagneti ¢ survey in ggcordance

wi t hobrg meceiveg (B aarerstASHePnto tIERViLRe®at | east

one eLectiio0nRgaet £ fd ehichow Garf{didnt) ferddebtection
| east one receiver (1109) are 10 stationary during a

regi sef atheofardgebrval and are then relocated to
anot her position in the survey area to repeat the
et ho merwalireg 40 etitiodagrietid setven ioacgardance

el ectronagnetic survey in gcgordancee s 3, ed in

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
that a decision to continue the measurements, change
the operating mode, change measurement sites or
' retrieve ocne or more of the means of signal gene;ation
(141, 1108a, 1108b, 1109, 1111a, 1111b, 1113) is made
following an evaluation and/or full or partial '

interpretation of the acquired data.
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withCains 1 - 6, characterized in is that the at

| east one el ectromagnetic field source (1113) and the
at | east one receiver (1109) are in constant notion
in the survey area during the registration. 9. A

met hod for an electronagnetlﬁﬂsurvey i n accordance 20
Wi th any preceding claim c acterized:
n that two or nore receivers (1109) register the

Véert ' %aln%&%@ %@?n%n %1&&%&&%@&%”@9&%9 Gn fh@égrdance

i nduced by one ectromagnetic field
sour cwithlQB¥inssinulT.anecus y akdtis xdi 5 erént 128

| ocatigns y tl'%'agtz‘t&ﬁné %‘iUEhé b 1ARReed MktaAiget hod for

imagi ng 1D, 2D, 23./D or 3D strata, characterized in
that thRensfadred t@o?r;ﬂqné’ré’élt?@%séﬁro@%é%ilﬁ% ¥he
appareph; ¢fd.stivity with the apparent depth cross
section 30 calculated for all registration sites based
on the neasured vertical electrical field of éénce

i frduc Bd™8EROG, §RE aR &haCETOBIIREAET FIERTY i 8Ccdr
el ect weEROrKRiims Lielel sonrLe 4 k13 Ly ﬂ&edof 1an

del ay onse ina ho enous hal f

transﬁ?‘f‘?e‘i S ftehfizst g?*g%‘ir%‘i‘@“eéﬁ nggﬁg L8utd

el ect fanpYNeindc theedtl 1x@dECone &e(cbiiaj (11D9) Apper at us
for an electro netic surve el.ectri aI

| osi cerobiTuAgL AL T FHpR TN oy Wb gly ahd are then
hydr ogelbedtsed €ohasotther @obleudnllnzthecburvny abed ta
f?gﬁ;kfsgéﬁ éﬁe metﬁ&?gEQ%ggimgﬁﬁsQﬁa§mly vertical

8. A method for an electromagnetlc 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
indﬁced by one and the same electromagnetic field
source (1113), simultaneously and in differgnt

locations within the induction zone.

. 10. A method for imaging 1D, 2D, 2¥%D or 3D strata,

characterized 4in that the method
comprises the step of combining the apparxent
resistivity with the apparent depth cross section
calculated for all registration sites based on the

measured vertical electrical field of the induced
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antenna (1108) that acts as a source (1113) of a T™M
node of an el ectronmagnetic field; a power source (121)
arranged to deliver electric power, and a
control | abl e pul se (CSEM generator (122) ss arranged

‘to deliver series of interm%%ent square pul ses (81,

82) with a duration of 0.01-100 seconds, an anplitude
of 0.1-10000 A and a sharply defined term nation to

the traRam Lisfeal 8014 et il %%tro R Q) OF s e

el ectromagnetl C source I east one
recei weuree 10013depy oyasd of nat gl aveddgespensez dRed and

Provi degoYbhll Athah ea5ladNeo EHE r@aa@ﬁluéas Qalkbahd Y

vertical Tecelver antenna 1111), the receiver 1109
bei ng @AP8hgefl the vexfiinadr elegeromagppess field source

el ectrqaggpetic field during intervals 25 between the
intermttent current pulses (81, 82). 12. Apparat us
in accordance wth clealmll iz ed

c har
i1l { RRPAFRELS JOIH A AP EroRRenetC FPﬁﬁ%’Fnclfteer ant enna
(1108)el@f:ti‘h@11fyalﬁ“§§1§ﬂl®re ta#4d2) thatapoeapddilp

register the vertic 30 el ectromagneti c fleld durlng
i nt er $QPE2 b’ét‘%%ﬁcf‘ﬁa]%‘mq'nt%ﬁ?ﬁat Feht gu‘? Feht? Sufses
(81, &Bpt Bd cckpridpparatus in accordance with claim
11, characteri.zed i .n that ac stic,sen

provi ded i TR Fﬁﬁ%dleﬁsf?n\tﬁ‘% t‘ﬂ?%fcﬁ%peransgégt? ower
end pantenns (11DBlathdt]l ktits as 4 hepureeelVEL3)5ofina efiia

(L hegh ou PSR v 1P 19 32
a power source (121) arranged to deliver electric

power, 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);
- at least one receiver (1109) deployed in the
induction zone and provided with at least one
submerged, essentially vertical receiver antenna
(1111), the receiver 1109 being arranged to register
the vertical electromagnetic field during intervals

between the intermittent current pulses (81, 82).

12. Apparatus in accordance with claim 11,
characterized in that the essentially
Vvertical transmitter antenna (1108) of the transmitter
(1113) is arranged to register the vertical
electromagnetic field during intervals between the

intermittent current pulses (81, 82).
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are provided in the imrediate vicinity of upper and

| ower end portions (Illla, IllIb) of the receiver 10
antenna (1111). 15. Apparatus in accordance with claim
11- 14, characterized in that the at |east one

el ectromagnetic field source (1113) of the apparatus
and at |east one of the at |2hst one receiver (1109)
is are arranged to nove under control or autononously
during or between the asur n t nmeasur enent s
b‘@i'nggﬁﬁﬁ%‘?"ﬁednc%ﬁ‘f‘?%ﬁgl"{/ietorﬂ? cééa]ﬂe{r:l?'i ally. 16.
Appar atkhisa irha aceos datice ent hichai what-depustll §eRsoFrse
terized in that .the electro i & e
(L1135 e des o G Gredaitd RIBEM (Y, I bine?

r ecei 1ewef ldfi® porsionse (10Vaddd 1) hof nghen FeCEI R,
1112) o realjéqu transfer of at |least a selection
of th82EEPP2ctdd data to a central processor. 25 17.
Apparatus in accordance with claim 11-16, |

chir adpparatts iinnaceendanget Witk SdadBril. (141) for
measuri pg, tthg & hr ge- gogmoRent; gl eaiaicCptesdirel densaltoor
the three conponent nmagnetic field in, geQ€agpe£i§hd
vari agirenpreyidesr inntRe) igmedirt e VimdPatB Pl SFRET ohiy on
the sqahed éddQPrtions (111la, 1111b) of the receiver

antenna (1111).

"15. Apparatus in accordance with claim 11-14,
characterized in that the at least one
electromagnetic field source (1113) of the apparatus
and at least one of the at least one receiver (11093)
are arranged to move under control or autonomously
during or between the measurements, the measurements

being performed continuocusly or sequentially.

16. Apparatus in accordance with claim 11-15,
characterized imn that the electro-
magnetic field source (1113) and/or at least one of
the at least one receiver (1109) is/are provided with -
means (1105, 1112) of real time transfer of at least a
selection of the collected data to a central

processor.

‘17. Apparatus in accordance with claim 11-16,
characterized in 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 oxr more

locations on the seabed (1103).




