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A METHOD OF MAPPI NG HYDROCARBON RESERVO RS | N SHALLOW
WATERS AND ALSO AN APPARATUS FOR USE WHEN PRACTI SI NG
WO RBSMETISIOD The i nvention relates to a nmet hod BOW/Na2007/000416
apparatus for map ping subsea hydrocarbon reservoirs,
nore particularly by using the TM node of an
el ectromagnetic field source for reg istering a
TM response which is neasured by one or nore re
ceivers submerged in water, by the use of a
substantially vertically or horizontally oriented
transmtter and one or nore substantially horizontally
or, respectively, vertically oriented receivers, and
by the generation of intermttent electric current
pul ses having sharp termnation in the transmtter
subnmerged in water, an electromagnetic field gen
erated by these pul ses bei ng neasured by the
receiver/re ceivers, which is/are subnerged in water
in the tine interval when the current on the
Q | i i ' f WATERS
2 G G R B P SRy B gl
AN QUILSE AN PPERATD | BORfUSH SVHEN PRACT T STNGal R (IMETHROP
the depth to the target object. Seism c neasurenents

provide reliable informti on the exi _
The oERf 7o Fhd- SHATE of© gaecf?é;tg?%é]ala% r%%t%éis?%%%% alGr map
pihd) Gy SE 9 CRy BeBSa rboNEVES e 561 B41) CmdtBaSHH T b bl soy

are of ten insufficient_ for detern1n|n€,tﬂ$ $otentlgl
us g uehof TH-rederobi 31 Mt @VEPMAERNREHF fF Tt tFR¥rce tor reg-
. AL st i ngui Shi € i WY Qi Bt Nore re-
18%?%%%%a#6§% ?%Sgﬁ%$%2?%%€%di%?@%%%%#%géb%ecause of
cehvghs cesbmefgddi it iwgten, noy i tlee coseli of onssubstantially

exploratory drilling is not.very.attractive.w u
veTELPabLe Sbi BHFLHRas T bron SPELd| reutihk! feh il tne ox
mof@Paghtt 85t Ph1 el erdr0nBaPLLle $EM roBpsut tvebys vertically

nmeasuring the resistiv

oriented receivers, and by the generation of intermittent
electric current pulses having sharp termination in the
transmitter submerged in water, an electromagnetic field gen-
erated by these pulses being measured by the receiver/re-
ceivers, which is/are submerged in water, in the time inter-
val when the current on the electromagnetic field source is
switched off. The offset of the dipole of the electromagnetic
field source and the dipole of the receiver is smaller than

the depth to the target object.

Seismic measurements provide reliable information on the ex-
istence, location and shape of geological structures contain-
ing hydrocarbons. However, seismic measuring methods are of-
ten insufficient for determining the potential value of a
regservoir and even have difficulties distinguishing between
water and fluids containing hydrocarbon in the detected

structures. Because of high cost of drilling in marine condi-
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ity of the content of a reservoir have beconme an
inportant factor in the risk anal yses of an

wexpisaicedsbon area. The Control |l ed Source PCT/NO2007/000416
El ectroMagnetic (CSEM nethods are widely used in
hydr ocar bon expl oration at sea. The nbst com non CSEM
systens include a horizontal transmtter dipole po

tiengj oepdlonatbeyséaiilvog. igheodi pete astsapplivedwitidut

.strong electric current, Horizontal. electric .
refiohl G erelaPec| FSRaRFERSRh THEUSEA" (FBorSgpEhtapacities of
elditfengghe0i ESetn) tRehBerémanesl ihBheaS@F®ng the resistiv-

nodi fi cati ons of such systens are described in patents

ityyosr ke ¢aoseRt € | #nyerevetr ahave (Peeame0@s) important

] e o2 c(xegor : (20 and in
R R R SR i
systens nmagnetic neasurenments are conpl enmented by

Thel @ohtrol be@dsSoTdheet Ehashitlagnet i¢ héCaEM) mee OSEAE are

. tem usual | enerates either a,harnpnic current or
wi gD Tead ot XedFPenthe) Shal She iR APk fas "EhE oSt com-
most @M, sy beeft echeDRBINL hérftehelsl Setatdmbytéhedipole po-

~harnmonic current can be used for further interpreta
sitionsd onlFhe sersfleqs. Tt dieelapipysenptead pitlked

stkéﬁiPQi§§Er18 LLAPSEOT MBLEOD DL P LNELEEAUEDEY vers are
dommi n. T'n par Ticu ar, Fourier fransform from the
instakledtont tiee f seguihoyr doiteh ndi Sfesedt | of Seabedto the

| oggi n SB which.Ls currently the nost used CSE , ‘
cr g e Pt £ F ELCRRRT s R Eat U eribed
intgi@eht Aoy Pravhdedosbpt tie; hgsi-g@nial adi stanee-2005),

_between the signal source and receiver (the so-called
Eigsnaetl) akcebddoby, MMagCredes ehealepfh093) t#ed in other

Pl FERLOhis TILeedoni b onesrgk s kol ol bl Shtmecsc
measurements are complemented by electric ones.

The transmitter of the marine CSEM system usually generates
either a harmonic current or a sequence of current pulses.
After this has been stored, the electromagnetic fields set up
by the harmonic current can be used for further interpreta-
tions. Unlike this, the field set up by current pulses isg
subject to transformation into the frequency domain. In par-
ticular, Fourier transform from the time into the frequency
domain is used in seabed logging (SBL) which is currently the

most used CSEM method.

The present marine CSEM systems can detect the target area
provided that the horizontal distance between the signal
source and receiver (the so-called offset) exceeds by many
times the depth of the reservoir. This condition ensures that
the EM-field will propagate from the transmitter to the re-
ceiver via the bedrock underneath the sediment structure. On

the other hand, a great offset will make the measurements
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ceiver via the bedrock underneath the sedi nent
structure. On the other hand, a great offset will nake
woOheosmeessor ement svul nerabl e to distortion as tRreTAd2007/000416
field propagates through air3 According to Constable
(2006) and Constabl e and Wi ss (2006) the effect o f
the EM field propagating through air nekes the
vultmavebt ¢ onal dSBtotechni geetluauB¥bE teIdrpexpioaaes ophirough

. sha] | t hat is.t th tl l. .
SR R SR e DR CHOL S A S T CEEE
(20bc MUneige 3PPebBBt HESthe Th ST Lk BALEBKp OFa t ey MBBtough air

popul ar CSEM systemreflects a nore fundanental issue,
makesetjet genvertional the teahsiensanesaele| foy TRyploration

- t .eld tribute 0 [

T e

nigmei ke tdesidansdensaél nalghet for (Wdenodepths obtuwdey 300
sensitive to resistive targets. Edwards and Chave

me¥yYB6) used a CSEM configurati on measuring the step-on
transient response for a horizontal, in-line electric

This PaLewlheR| 6f SyBé efbsd NbSpe DAt | QuEMt & P8 ¥ASréAl&ts a more
appl i ed by Edwards (1997) to survgg a deposit of gas
fuﬁga@?%té%.1¥ﬁu?hen§%?¥ﬁy,h?h%a%Eq pedthe-Fraesversal elec-

trf+e?fﬁjcm a§|9fmﬁﬁecgﬂgi§”€ §Qiﬂﬁté§etgrQﬁgsﬁgfizontal,
electric freld. e broadsi de conmponent 1s |ess
inskisée! i gbewbthcrEspbdt Io ieskstwwethat gelhs. TE mode, unlike

Therefore, it can be, us or determnation of the, |,
thg kG OUSEEE] JEORBEE T oI PPTEs, bl Bt ayery sehSitive to
redP81120083 rg8ds enhances the deviant cross-section

acquired in the in-line nmeasurenent. In these trials

the transmtter-to-receiver offset was varied in the
Edvarde 308 ¢3av18001886) ThPed s§stehl spomEtoRryhepn measuring

thé 6SOLYLLQN L 0A0; SBL SYSLENBe WBLKI DOnd P L8 SPNVER 1ine
electric dipole-dipole system. This configuration was later
applied by Edwards (1997) to survey a deposit of gas hy-
drates. In the survey, the acquired in-line electric field
was complemented by the broadside electric field. The broad-
side component is less sensitive with respect to resistive
targets. Therefore, it can be used for determination of the
background cross-section (Ellingsrud et al. 2001-2005) and
enhances the deviant cross-gection acguired in the in-line
measurement. In these trials the transmitter-to-receiver off-
set wasg varied in the range 300 to 1300 m. Thisgs sgystem showed
higher resolution than SBL systems working in the conven-
tional frequency domain. But it does not make it possible to
explore for hydrocarbon reservoirs at depths exceeding sev-

eral hundred metres.

Edwards et al. (1981, 1984, 1985) proposed a method of magne-
tometric electrical sounding at sea (Magnetometric Off-Shore

Electrical Sounding Method - MOSES). The system consists of a
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tional frequency domain. But it does not make it
possi bl e to explore for hydrocarbon reservoirs at
wdepishseasaceedi ng sev eral hundred netres . Edrarc®2e47/000416
al . (1981, 1984, 1985) proposed a nethod of
magnet onetric el ectrical sounding at sea
(Magnetonetric Of -Shore Electrical Soundi ng Method -
veMOBES) calfhe systknexoasdst Sroh thersezatucrhbte whithe sea-
xt ends fron1 he.sea surface to the
bed i3 ¥

bed d i
B4 GRRLARS SF PR A Rberatt T rd T ERTT Qifrent. A

ma@f@@ﬂﬁé | §eBEHS Ohe ABABEE €6hd gz Bdh T D ad oPERENE NG £ Olfhe mag-
the mag netic field at the seabed. A clear advanta

nefpic MESES| 3t ERe5Se@brdbidi ehern adeTiAGRdel ofiO% “is its
t f el d t
ref] 861 LOEPONTLLLL TR fload Ao CmIDBEAG: Sina diofys SRAAS The
dr@wbacu$ngfatbeféystemtas&gna$ layee @ﬁﬂseEnélmeN$iqn$o
e dee arts of ubstrate and the_reg istrati
wn Rl TS PR Pr e PR P HOT TR I, SUEELRERE P LR Fevel

and Ms&REE: ithey T espens edée®Mmphhes | BY estib gt £bes £5h8d i ¥8e reg-
structure, largely conprising noise. The nbst conmmon

1S@¥ﬁ?b@@k@fo¥hﬁlTEtMQdﬁfmﬁﬂh%@h%H%l@esE@¥%é@9arEcgﬁ%her with
e S [ b 0 r
N e P R R SN
stﬁ@ctsrBaerk@alytcampri$2@@5¢9i$epresented by the
present appli cant's patent publication NO 20055168,

ose a TEMP-VEL configuration wh fe
T R P ST FYRPORR (O cokhi BF ErRMCFoRogE, deqgribed
ardlPtRe CHEEEHE1 Y bPeuSeRy aPEnSEASHEL1 8 Jot hee Bl PCEEMErally
field. In that way the TEMP-VEL conflgurao tion
exgepding eshe ndepFhyep elhat FAFaft dAY ef eE2EBPHEgAEL Fcto 10.
field consisting of only the TM node. Additionally,
RatBRKSYSE agHlh s, On 08¢ het t appli-
2 ?ectrongg%gflz ? 2?d.£¥%%8§eﬁ%@ Bhe ﬁfesen app-t
cant's patent publication NO 20055168, propose a TEMP-VEL

configuration which features vertical transmitter and re-
ceiver lines for setting up a current in the sea and measur-
ing the electric field. In that way the TEMP-VEL configura-
tion generates in a layered stratum an electromagnetic field
consisting of only the TM mode. Additionally, the system
measures only the TM mode of the electromagnetic field. The
TEMP-VEL configuration is set for late time measurement i1if
the medium-time domain responds. The horizontal separation of
the transmitter from the receiver is considerably smaller
than the depth of the target. These characteristics of the
system provide maximum sensitivity with respect to the resis-

tive target.

Unlike SBL systems of the frequency domain type, the TEMP-VEL
configuration does not lose its sensitivity when used at
small water depths. On the other hand, a normal use of this

system in shallow water is problematic because the vertical
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TEMP- VEL configuration is set for late tine

nmeasurenent if the nediumtine donmain responds. The
wboanisaeedsal separation of 5 the transnmitter freariNOR007/000416

receiver is considerably snma# | er than the depth of the

target. These characteristics of the system provide

maxi mum sensitivity with respect to the resis tive
oriamgatlomefkEréﬁmmsyseenan@fréheiﬁesquahbgsd@ua$nnot allow
.t , the TEMP-VEL_o_configuration, does not | ose
SLGHhEL BT L JURER CE At MSHRRF Sl LRI 1S, PorAEhesved.

Thﬂéh@énﬂﬁﬁﬂmn 19688 ruseroér 1 bhS éﬂSE@ﬁWaQeﬁh@|£9ﬁget can
water is problematic because the vertical orientation

be pfleteahadi bY ekhandse eedi TBYP c¥Bl esn defeadl hov R T o
significant levels of the neasured signals to be

Cc Cc n S, Le I S
maclheusCioTas c00p L aroptacencoephadatl cpougay g 1eaee

oné no§hgh¢ odrawmbecks Soffhehe nvendroarhas for its object
to remedy or reduce at |east one of the drambacks of

th rior,art The.obj ect is_.ac |eved
Tog oo TP 4R ARRIT LS Pral TR THE O PP B R sRpgiFicd
inaﬂﬂelaegbelptabﬁsbéh@w éﬂalDMLtH@eclﬁyﬁ@ttn@tdfépiﬁﬁes

a novel nethod and apparatus for o shallow and deep

wat er el ectromagneti c prospectin of hydr o car bon

The eLRYSRF +Q1 @ﬁ%?%ﬂ?%@ *eset gaet o?n@h%PP%§%FV%|for

shQFPH@t&ﬂdaﬁéeﬂe%EEQ}n@ié@@r@&a&ﬂ@t%@tﬁfoéﬁééffﬁgOBfOﬁydro~
the formations included in the reservoir.” According to

carh@nfr¢ser@gpéet vhcindingvenvéonigatheee ¢§ phe-rsservoir
vi d V&et t hod. for tPet etectlon 0

geomegr 0 mln ?1@ ater % 2L 35" I{ﬁhe

and e Terninatton of Ps® proper i es by He?use o
folhbbbees oint heded echr onagneséevbiel d i nduced in the

subsea stratum This electric field node is very

sengltlveto reElstlvetar % . ; .
According to the first aspect of the invention, there is pro-
vided a novel method for the detection of a reservoir and de-
termination of its properties by the use of the TM mode of
the electromagnetic field induced in the subsea stratum. This
electric field mode is very sensitive to resistive targets
located in sedimentary, marine. substrates. The electric meas-
urements are carried out by the use of vertical receiver
cable/cables if a horizontal line is used for setting up a
current in the water. In the same way, the measurements are
carried out by the use of horizontal receiver cable/cables if
a vertical line is used to set up the electric current. In
both cases the terminations of the transmitter cable and
measuring electrodes will remain in the same vertical plane.

Below, the term "an orthogonal setup" will be used to de-

scribe such an acquisition configuration.

According to the second aspect of the invention, an apparatus
for determining the reservoir content exhibits an orthogonal

configuration of transmitter and receiver cables, in order,
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| ocated in sedinentary, marine. substrates . The

el ectric nmeaso urenents are carried out by the use of
woendsiocedso r ecei ver cabl e/ cables if a hori zont aPCiriNO20072000416

used for setting up a currert in the water. In the

same way, the nmeasurenents are carried out by the use

of horizontal receiver cable/cables if a vertical line
th¢sebmedeibhsett@pgem@r@tecthéCTMLﬂieﬁd otn &lperhatively,

cases_the termna ransmtter, ca
to ettt %‘P%*&t?%%%% \'7\’5?‘1”? ‘He?%“ﬁ‘%e%‘én%gv%?ﬁ’ cdre ™
fi®lane. Be|OMI the term"an orthogonal setup” wll be

used to de scribe such an acquisition configuration

According to the second aspect of the invention,
Ac %&ﬁé&%ﬁL@ ot¥%rt%%¥%r%ﬁ?ﬁ%® Phethe sERVRRE L Want et transmlt“
teﬁ@éz@éf&té’é‘ 2hd h@ﬂ&z‘i‘éﬁ@@”ﬁh%%&'&Qeoéalgiémé”%éc&@énce of
recei ver cables, in order,thereby, elther to
gem@ta@el%@e ahmfa@ﬁﬁtxmedabyean@han@lW@rmnn@Qn@mafxear
bot wi.th nmeasure

£ty OPiE t 2Ot et He AR R T Re v ol vl Fefdhig S on

cotr@asdhds -t ef hg efeHiedesn NGt tifl@élséﬂécstfhé OfdL dl hghich is
cabl e a sequence of current pul ses characterized by a

OrigpRFPNFbr P nERF oFC Y3 EERE 1Rt ) connpet g efert SEBsA Bkons
oft@ﬁev@féﬁgﬁ%gﬁéfeé é%VWW§ f@é%ﬁﬁgﬁggé i9

conponent ectric i's ort%ogona
th¢hbns¢rwa§®tbétmeemomm£e¢t@@ ¢leremt npuhseonsTing $¢EEPHGSS

transmtte bl e ur e arri e out
of FRE TRt chr S e bR T LET Y SEr i Sy RS e ilad Mana
thét @epessn 0bf t Hige Ne@I sd r @durd hehsSt i dét Fobh ih@pendency
pul se anplitude and the duration of the pulse ensure

of t Hee JIFRTIT ¢S r FEFRRIRTRNJEREY brdeprNGRRaYIrby Tebpeonteed for
S u
me e PO & g Yo DR SR of the car-

get investigated.

out in

According to a fourth aspect of the invention the measurement
is carried out under near-zone conditions when the horizontal
distance between the centres of the transmitter and receiver

cables is smaller than the depth to the target.

According to a fifth aspect of the invention, a plurality of
electrical receiver cables satisfying the geometric condi-
tions given above is used for synchronous data acquisition to

increase the survey effectiveness.

The main concepts of the present invention illustrated in the
accompanying figures, in which the new TEMP-OEL (Transient
Electromagnetic Marine Prospect - Orthogonal Electric Lines)
configuration according to the invention is also compared
with the conventional SBL frequency domain and TEMP-VEL time
domain configurations. The responses of all three configura-

tions are plotted for deep water (a water layer 1000 m thick)
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get investigated. According to a fourth aspect of the
i nvention the neasurenent is carried out under near-
woans/easdi ti ons when the horizontal distance Perne2n07/000416
the centres of the transmtter and receiver cables is
smal l er than the depth to the target. According to a
fifth aspect of the invention, a plurality of
and| sbailcwl wakeri Verwahbkesagati 50 yhnghibk) getmeéail cthe mod-

condi tions,given apove is used for synchronous dat
<18 chfif ster bRt b FRcPBabhe  Fiadsirbes BRYBLE] ondegh: Thaereas
th&8BL8sCOPCEPLS 6f the @b@ﬁénlayaye@ﬁaonaltLggaéatBglbﬁ the
t he acconpanylng figures, in which the new TEMP- CEL
r

tayrgeansveet . B ect rGhngheei erapsvaes®t ospeestance of the tar-
geﬁ]ﬁég?gpn%. Eb&&téﬂnz %J&%Sﬁ%sgog‘gi%r%”% ' %xace%ggn%l@ tao layer

nvention is al'so co h™t’he Conventi ona
50 SBLthiekuenty aoprasisaidiTEMPEVEL ©he domai n

configurations. The responses of all three configura

.fions are_plptted for deep watge a water.layer 1000
mibh ERrAr e ChAP | SaPaaTereEaotia: rot &y Het Shl i RPeR) tosting
witR 8hlgébhelapdrel sothectest SHi¥EéY¥ept HBELBEAURGRI the sea-
equals 0,32 Wn, whereas the resistivity of the above

bed ayEhe aricparfes paebonbrbadt hert bhgethigheesses 1008 2000,
| : r a

2005 10807ARAA00E 5N SEOPEE QetiPing SRYeLNES MRl Ry

difif¢hent resisesvi Thené 46 diwo Miovnmebbd oésphwse for a

onfiguratjons,there has al so,been testing with target
mofie eV EERGE Bl at A (T FPLFBRYS GLPYTE BREOWFEPE RESSHRY here.

The responses cal cul ated for the thicknesses 1000,

Th@0001 13000y A080ra8dab06nhsl of At HEr O¥eibys NGré ay¥REMBIEs of
shown by different curves. There is also shown the o
preEepued ceThpd el a0t FaoRldi ot gop egprsideredyas limit-

in&o{obﬁﬁggiﬂggﬁgfénhere'

Figure 1 shows the resolution of a conventional CSEM meas-
urement (in-line TxRx configuration) which is based
on voltage measurements in the frequency domain as
a function of offget. This is a configuration much
used for marine hydrocarbon exploration (SBL and
other systems). Diagram (a) shows the response for
a model for deep water for a period of 4 sec., dia-
gram (b) relates to the same model for a period of
1 sec. In the same way the diagrams (c) and (d)
show the responses for a model for shallow water
for periods of, respectively, 4 sec. and 1 sec.

All responses are normalized by the product of the
source dipole moment and the length of the receiver

dipole.

Figure 2 shows the step-down voltage response as a function

of time after the source has been switched off for
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The follow ng figures and their descriptions are

exanpl es of preferred enbodi nents and shoul d not be
woansiidersed as limting to the invention. Fi guPeT/N0O2007/000416

shows the resolution of a canventional CSEM neas

urement (in-line TxRx configuration) which is based on

vol tage neasurenents in the frequency domain as a

functi ontlod TENRSIEL Tdystems acaordimgurad |BHrsILuJchW usedal.

for mari rbon ex Ioratlon SBL the
syst errs)&%@ (?‘Fg%%s PEhs OJ? o?a) ‘i&)‘%%land

for deep(wat@;ﬁaimw aﬂdl%ﬂ‘ odriaf dlfiss%?t 1k a3 @F am (e voltage
relates to the same nodel for a period of 1 sec. In

t he sanmelSvayP¥ Tl if e riamst e )inpie (R sHow e He-
responses for a nodel for shallow water for periods

Fl&grerfs%édléleé%e pr%ﬁ'ﬁn A S gi¥d £ { &SP OASES 1L eI'EMP—

normal i zed by t t he so%rce di pol e nonent
and the OEmgthstofmi he receiver dipole . Figure 2 shows
the step-down voltage response as a function of tine

. af rth SOUrC s been_sw tched off forthe TEMP:
wi @l doih T (SR S Tty e Fucuion

r esponsest afins hofief athd ajoulesp @EICEI(@)n@hai"EMN\LOEL system
water. The offset is 300 m . The voltage is nornalized
by the il?ﬁﬁé%%%rd Bl ﬁ%ur"%h% GRRRNYS® are shown for

al ternatjyge 'Ma%)o?a(ﬁovs hea dEMPGRL: SYSEQIR is 300

Figure 4 shows 't he step- vol tage response as a

functi om ofFey neheafTaRx tdmnSigrcat ofn t feomeved@EMAFLEC the

system has, been SW Lehed of ., The [ ashpnses ar g, shown ; .
normalized by the product of the impressed current
and the length of the receiver dipole; for the TxR=z
configuration the regponse is normalized by the

source dipole moment.

Figure 5 shows schematically a side view of an electromag-
netic surveying system with a vertical transmitter
cable and horizontal receiver cables (corresponding
to the configuration shown in figure 3a) according

to the present invention.

Figure 6 shows schematically a side view of an electromag-
netic surveying system with a horizontal transmit-
ter cable and vertical receiver cables (correspond-
ing to the configuration shown in figure 3b)

according to the present invention.

The method proposed according to the present invention can be
applied in shallow and deep waters. It 1s characterized by
high sensitivity and high resolution with respect to resis-
tive targets. In addition, the new method and the new appara-

tus provide greater effectiveness in surveying than the TEMP-
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(a) deep and (b) shallow water. The offset is 300 m.
For the TzRx configuration (corresponding to the
woandsiogeasat i on shown in figure 3a) the vol t agePCT/N0O2007/000416
normal i zed by the product of9 the inpressed current and
the length of the receiver dipole; for the TxRz
configuration the response is normalized by the source
VEUi ppbeemowkath. ubegurverbishbwsranheiatecabhy aeskdeer ca-
blV|evvof an el ectromag netic surveying systemwth a
VBrtical transnitter cable and horizontal receiver
cabl es (corresponding to the configuration shown in

FibkgUie B8Ry aseobdi bget 6Ft BRoPPBSLNb1ENYEAEL §OrabligHECLs
6 shows schenatlcally a side view of an el ectromag
achéevedsutelhfgt é§§PeﬁpﬁﬁﬂﬁuﬁahéPnzéhﬁaﬁl€F5ﬁéﬁ1ﬁl?éd is

1mgﬁggseanﬁyveﬁé'ﬁ§g ecgi yer ?éQheéa% er5§é9 Ingngg&ghe TM-

e configuration shown in |gure accor
elpcesemagnﬂVentfmaldTma aeshodtpfmpdsmddaumorahnghﬁs con-
resent nvent£0ﬂ can .be n.sha
Znha

.th i
1Pl ePanoF EPRt R o BesoR] SRROBECRF O CaRLR! 18] Hgea for

regh8cBr@hgr €66l H+beB-BetbhibesPeebsbOnEESi $hi ¥Bet BEE6HE. con-
In addition, the new nethod and the new appara tus

figupetdengrehpsi zentadt FyeRe8stEATsOrbepi g vAad £as im-
prd EVDY. Lc§¥§&gpggﬁtéhtﬂée§a¥§ﬁt'%ﬁéré ”2”b&%€£camdrece1ver

recei rsti e use o one O
ispossdbEercoaésguingi bhe Veramhakvedmpbnenheoflthe electric

TS LR eI T
witleheehh MRyt h6gbhel drkAnansttati bhadraedivey tfbles
megghiegoghe TM-mode response in the structure as high sensi-
tivity to resistive targets is provided. At the same time,
the deployment of a horizontal cable, which is used either
for sending or receiving signals, provides the necessary sig-

nal level even though the survey is performed in shallow wa-

ters.

Secondly, tilt indicators are used on the lines to provide

the necessary accuracy in the measurements.

Thirdly, the transmitter impresses a sequential series of
current pulses on the transmitter cable, the rear front of
the pulse being steep. To avoid complications connected with
an imperfect form of the current pulses (Wright, 2005), the
new method requires that the steepness of the rear pulse
front, the pulse duration and the stability of the pulse am-
plitude satisfy accurate specifications in order for the re-
sponse corresponding to the target depth of the survey to be

independent of pulse form.

Fourthly, the system measures fields of dying current flowing
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figuration a horizontal, radially directed cable is
used for registering the cross -sectional response. In
woheosgeesnd con figuration a horizontal transnmPCTa02007/000416
cable is used for im- io pressing current into the
wat er, whereas a vertical receiver is used for
nmeasuring the vertical conponent of the electric field
in aslsecsataidumi 4 bt¢hetHat frahsini t pet hhas viagenh hewsychedn of £.
D with nutuall¥ or%hqgonal transmtt rs nd regeiver
aLApTEIUHEAS TR THE™ TRF AOTRS T pfhd 94 e t HaE SR ERt Ry eon axe
caBsidd gbusensii9e t Mhd YadRa1@Si Stive targets is
provi ded. At the same tine, the deploynent of a
_horizontal cable, which is used either for sending or

Fiflebyvi Hae shrbFentat ol Heane e aiceesr i e s pEps of the
trd ¥Rl £ BYEN LA OPQJE‘e%J?@r SH{Hfé(s 'déatPféfPé &ednd g &i&fﬁhs of
wa t 20 S trlt n on the

ers. econdl y, icators are use
near nesn¢e 0 Prhivi destdmecaecessmaylacctihmeythe theget depth,

asurenents. Thprdly,, the trapsmtter inpresses a
Wh%%%u%%t?%?sgﬁﬁ etr%W %%ﬁr%ﬁﬁbﬁgtses on the transnitter
cable, the rear front of the pul se being steep. To
On@vef dc ke Mpbt€Hib1 © NSoPipeed €lomd t BF 2EhaméwpeyEesh is shown
. formof the current pulses (Wjght, 2005) , the new
in petgiene r dqui Festhhat conbi i erbhedstht sveteratmpEeIes

elé&?ﬂc Lhe o an&s”a&% O, A ]S)?etﬁé aRilidy 9fEiheical
ul s

p e amplitude satisfy accurate specifications In
transieitfer tdeleel'spodiseh carsespondirepitoes t heTagfettromag-

dept h. th . be 30.ind d f. pyl .
ne{ GF iRt 1015 S LD Fea bty LB H et aeft S fngiver
calfl rent i & oxt agdad tbie She atedbadlt erhd heehgamsiit élebsen to

has _been switched off. Data acquisition, data .
Preyites’yi piott Haval i wekehredratbomegertedrivd@oteligrle

madr LA NE ORI One required accuracy.

Another possible configuration according to the new system is
shown in figure 3b. The system sets up electric current in
the water, using a horizontal transmitter cable Tx. A verti-
cal receiver cable Rz is used to pick up the signal. Suqh a
receiver measures the Ez component of the electric field
which is associated with the TM-mode. In this configuration
the necessary signal level is provided by deployment of a
transmitter cable of a corresponding length. Both configura-

tions provide the same sensitivity to resistive targets.

The measured responses can be converted from voltage into ap-
parent resistivity format either by direct conversion or by
comparison with the response of a two-layer structure con-
gisting of a sea water layer £ of an appropriate thickness

and a corresponding half-space.

The concepts forming the basis of the TEMP-OEL method as de-

scribed hereinabove are realized in an apparatus according to
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Fifthly, the horizontal distance between the centres

of the transmtter and receiver cables satisfies the
woanwitse3sms of near zone. This distance is snmaPCENGbE00416

the target depth, which is measured fromthe seabed.

One of the possible configurations of the new system

is shown in figure 3a. In this configuration the
theysteentapnesses el ectric current into the water by

the use of a vertical transmitter cable Tz. Such a :

sourc eates a TM .ectnona ne
v GG B FhE et ARRSREROF: YhRTar™ ERbFber RearbefRnrs mu-
meeXlendedqosatss sealedr EBEEheegbb bSwgbesenayer 2 above a

provi de a _signal |evel which_can be neasured in a

sepbfflaB| 8nfaifhbR andeffeh ¢hélepafingeanathar geyer surface 1.
A 6@9&98£1p9§§h9h§t98?fbgﬂiétbgn%%098£ﬂiﬂgtéa LPeywReWy-filled

systemis shown in figure 3 e system sets” up
trehenittercaleenkrodast Be water, using a horizontal
transmtter cable Tx. A verti cal receiver cable Rz is

sed to c .the s Such_a ceiver .neasures
» HRETRbReBIhatRiver FRETS) 208 o PR e kiR TRE ¥ 8B rones
11288081 akgilsprhbibheudM nbdeompt st AgsacontEgueabiieR 9a and
the necessary_ signal level is provided by depl oynent
a gpngeekFaRgnfePeR ¢8Bke of a corresponding |ength. Both
configura tions provide the sane sensitivity to

Thée§b§§t¥8n§ﬁ§9§h§ oFNEnPRASYR e T RRORSESEBALCs, 11 are
converted fromvoltage into ap parent resistivity’

cofibranledi bhiekiby denectrschnveasspanderbyladonpari son
with the response of a two- |ayer structure con

Th§i§£%981°£ 8 S§§o$@&8& %?%ﬁr fﬁgﬁ%gnsgggrgﬂrhaggd an aerial
hi cknéss an correspon
5.cmheepegiébratmgnthﬁiba9|$soﬁrbhedJEwﬁiEELaﬂeaéﬁﬂa3313 for
signal communication with the radio station 6 of the vessel

4.

Figure 6 shows schematically a view of an alternative con-
figuration, the reference numeral 7b indicating a horizontal
transmitter cable and 10b indicating vertical receiver ca-

bles.

The horizontal transmitter cable 7b is connected to the ves-

sel 4 via a connecting cable 7c.

In both configurations the measuring electrodes are to remain
in the same vertical plane as the terminations of the trans-

mitter cable.

In a main mode of operation of the TEMP-OEL, the vessel 4,
transmitter 7a, 7b and receivers lla, 1llb are fixed in their
positions for a period sufficient for achieving the pre-
scribed quality of the acquired data. The radio station 6 and

aerials 5, 13 are used for communication between the trans-
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scri bed herei nabove are realized in an apparatus
according tothe invention. Figure 5 shows a schenmatic
woizew/eesswhi ch the reference nu neral 1 indi caPes/ND2007/000416
wat er surface of a water |ayer 2 above a seabed 3 and
with a vessel 4 floating on the water surface 1 . 5 A
vertical transmtter cable 7a is term nated by water-
mifttklkedat r dbsantit eheelrectivdes 80a, Alhbyi zeptalially to con-
k ricg'ver gable 10a.%onne§%s_rec iver electrodes 11 to hi
TRT[ ERPSORheT BRIBAFEEOOBORBERS: RS asBhV PHCEobEEY gaClndThiS
endbteBneepkndtsall 8rlfleasQréhenpP8si ki ORhNE ABHsurement, a
orientation of the electrodes 8 , 11 are controlled by
satipfaskasyr sipnplafypoalEr bag2nofhbegassehiavid.
provided with a radio station % and an aerial 5 . The
ThECYL 3t T ALLABNL LaBcp8nAeY 4805001 0580 8L Bbol3allr detexr-
signal comunication"wth the radio station of “Fhe
minesseh &f4theFpgaitibnshofisthehematbnattygraantdencobianr
laI ergati e gﬁn figuration, the reference nuneral 7b
e Fhate ?Fné'a orizontal transnmitter cable and 10b
i ndicating vertical receiver ca bles . o The
ThBodkzanhakut Fadsikt bebceabkd, 7hnk3yeeangatiedrbfstBemed into
ves sel _4 via a connecting cable 7c. I n_both

‘digghPinghtatFoRSrt HelkBgs(pPReTENECYEEdEE 1M EYt Yeranti Rime

aniNdbBEn SAMB/ YL LbC ahyRLAREnaS IRk ELMLBALLRD%, Of cHifis or -
trans mitter cable. 5 1n a naln node o operatyon 0

mathenTEMPoCEl 5Dt AedveBseéhvdrsibnananilt fete¥prefhtand of
receiver ar e fixed in their positions for a

11 L i
enE g EAR R Faruntd: Bh€ach eving the pro



scribed quality of the acquired data. The radio
station 6 and aerials 5, 13 are used for
woaQmsasdsat i on between the transmtter 7a, 7b &aou/NG2807/000416
recei vers 10a, .10b, especiahdy to con trol the data
acquisition while the survey is going on. This enabl es
repetition of nmeasurenents if, in a neasurenent, a
Ligkerafuceolyssi gnal quality has not been achi eved. The
UStiIt sensors/transponders 12 are used for accurate
e W nation of the positions of the transnitter and
receiver electrodes 8 , 11. The data acquired is

Pul?IP&&éﬁ&Q"m?!‘a' ySgsh apge§ r ansformed i nt g di-agram pl ot's

or vol tage/ apparent resistivity versus tinme and depth

—
=

Tor_TD i nvers enever necessary,.. ITansfor
4,%%% 4! E;8ﬂ19§% y %gﬁa =k i3k
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characteristics of strata to be investigated, using
the TM node of an electro
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magnetic field; transmtting intermttent current
pul ses, characo terized by a sharp termnation, in a

weursmoessd verti cally or horizontally orient edCTaw2007/000416

(7a, 7b) and ac quiring a medi umresponse during
pauses between successive current pulses by the use of
a horizontal or, respectively, vertical receiver cable
(10a, 10b) ; s and neaswWilh@ tthm stratum response in
the near zone, that is to say, with a horizonta

' f whi ¢h tisfi the condj ti.on,
s oy ot oS (LA e SR tlen s,
transmdd st has toathpers gwdahteth O , comdindndgl "ty d#dBarbon

and pa (t) is, the appar ent resistivity of the
subs?r%%ﬁf%ﬁ‘f%’r”t'he %n@ Fapse t & r21 ZThé nethdd dhat the

el ect nrBEetd i 38y ik ageyididg. to claiml , ¢ h a
racteri zedi nthat nultiple 5 receivers

(10a, 10b) datenmadng eletheimstlihathaydcteristics of strata
el ect romggnet | rveying accordi.n claims. 1 and 2 _
, char aelcﬂ‘fe e rgaﬁ:ez£e udgjin%q:t}f?gtﬁfﬁrgcﬁeri%taﬂl ctro
of t hendgrestsimg tRiedld;abl e (7a, 7b) and transmitter
electrodesa%§)‘is controlled by tilt seno sors (12) .4

o)

. The Teth el Wi ABGTRETIE Bty synTg T sorldiany taharac-

clai meelrizedy "'Hﬂ)d B sha‘?rﬂ‘ tEdmithst 'torie, fid a}Z1 sq,lbqnér d verti-

that all neasurenments are carried out W t'h moving or

st at i iwdrly suheest Aot allly, B ierdrdl nmkleg Ofa,st7ad)i emd ac-

S aryd&%&%&ﬁf%?n&%&%m1%%%pd%%%'during pauses between
successive current pulses by the use of a horizontal
or, respectively, vertical receiver cable (10a, 10b) ;

~ and

- measuring the stratum response in the near zone,

that is to say, with a horizontal source-receiver off-
set which satisfies the condition R<:Jg%(ﬂ/ﬂ0, in

which t is the time lapse after the transmitter has
been switched off, wfﬁndOJED%L and pg(t) is the appar-
ent resistivity of the substratum for the time lapse

E.

2. The method of electromagnetic surveying according to
claim1l, characterized in that multiple

receivers (10a, 10b) are used.

3. The method of electromagnetid surveying according to
claims 1 and 2, chavracterized in that
the orientation of the transmitter cable (7a, 7b) and
transmitter electrodes (8) is controlled by tilt sen-

sors (12).



5 . The nethod of el ectromagnetic surveying accordi ng
toclaime 1, 2, 3and 4, char acterized

WO 2008t0aedsocur rent pul ses following in a parti cRCRNO2007/000416
sequence are incoherent wth the noise, and the
response neaso ured at each receiver is stacked in
order, there to_provide a signal-to-noise ratio
Suffi c?%tm%fg{oq ma@negcﬂf‘e Fretirading according to
el ect ronpgpetd zSLaﬂaew ng caﬁCQrﬁ'é‘Q: toeCtal B g 25.p
3, 4and 5, ¢c arac eri zedsi nthat
furt hetrhasmrﬁdrlemaﬂumarttes m%@als-”laﬂ]mmednbgh mEanslg or

of reqj.st.r.at of te nd t erature at
the r %!ctea}t{/g?dai g/c aﬁcl’u\géﬁcs? Sﬁ%’t heéd a&fde?‘g ity oF syation-

strat anylnaidiaiéﬁl,(lmdl a.Gb,alcl)t. eri zedin
that the method comp prises the steps of: plotting the

alr e I esli.s y Ver sus depth Cross- SeCtI ons
?Zf err#l‘?e %ﬁhogi SR At D Freemne Asfiergling to
near - ZQgnlecty i & f3 Rl ds i pdycgd-by @rvertigcal Ly 3 n

hori zontal current source ‘(7a, "7b) ", appar- 5 ent

resi sttihat yeusieng whm afb:llé-dmr@elrusae pefritimilar sequence
cal cul gt - Iayer str ure consi st _

i ng ofaa gerglc%v\%%%erecl er ( dSan dhi cfgqﬁf ng Honbge €2
nous haddd -spaeeh &ecemﬂratslwta&ﬂw dim@rde€| aHereby, to

, Char cteri - 0zedi nthat the results
of th@TDidfag My W FSedFse M iComifdGiantoffoy the
preli dta3D nodel ofthe area under investigation,

sol ution of a 3D direct problem and subsequent

corrections of the 3D nodel,
6. The method of electromagnetlc surveying according to

claimg 1, 2, 3, 4 and 5, characterized
i n that further suppression of the noise is
achieved by means of registration of water pressure

and temperature at the receiver locations.

7. A method of forming a 3D strata illustration,
characterized 1in that the method com-
prises the steps of:

- plotting the apparent resistivity versus depth
cross-sections determined at all measuring locations
from measured near-zone electric fields induced by a
vertical or horizontal current source (7a, 7b), appar-
ent resistivity being estimatable by the use of the
calculated response in a two-layer gtructure consist-
ing of a sea water layer (2) and an underlying homoge-

nous half-space.

8. The method according to c¢laim 7, characteri-
zed 1n that the results of the 3D imaging are

used for the compilation of a preliminary 3D model of
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which are to satisfy the acquired experinental data. 9
The met hod according to any one of clains 1 to 8 , c

wo2008r06638¢ t e r i z e d i n that a deci sion oRCTN®2007/000416

continuation of the data acguisition, change of opera
tional node, change of location or retrieval of all or
sone of the instruments i.s. made after, the acquir .

dat a i?}%?/ea een eval uat ec %Jr%n%ﬁm?mﬁ/l%’?l%%r%a?l y direct
I nt erpred s, 1dnd Annispppiadtiscdore dttored est remmEEinsdel ,
surveying of electrically resistive targets

pot entREFR 2 XNk $ S Y dr R A Bonl ol epXRpFEment gl Lata.
acteri zedi nthat the apparatus conprises : a

subnefgednyerdd caldyrdifg Q5 NOFiZentet | ¥4 1 to s,
oriented cable which is arranged to function as a
transwilt tterr of can @elredt Eodednetli & fiehat andetesiencon the

power_source and a_ ftransformer I ch. are arr.anged _
e e e e s
meandet oty Pendiik SseSharide Sfirodbeieol e rechvéeRlof all or
pul se being in the range of 0.01 to 50 sec onds, the

anpl i T2/ of GeR- SoBer AN hbwiTRf% afteeh rrarasashred
,andy g S URIRL gelen VST 1 G dY {d8A ofufPiigPrﬁﬂt%Jy?lh]éy in-

(10b) oriented cable installed in the near zore o
transtexpeet¢da, 7b) and arranged to neasure the el ec
tric field during pauses between the current pulses.

39, e SRORLALYS ASEOLEL 10 A6, SLALIR AL, My o

r ecei ¢psctabd®Bl{ 10 sildh)vd orargees aigerintts Bl ynddmneining
hydrocarbon reservolirs, characterized
i n that the apparatus comprises:
- a submerged vertically (7a) or horizontally (7b)
oriented cable which is arranged to function as a
transwmitter of an electromagnetic field;
- an electric power source and a transformer which
are arranged to supply the transmitter cable (7a, 7b)
with geries of meander type pulses, the duration of an
individual pulse being in the range of 0.01 to 50 sec-
onds, the amplitude of 100-5000 A and having a steep
rear front; and
- a submerged, vertically (10a) or horizontally
(10b) oriented cable installed in the near zone of the
transmitter (7a, 7b) and arranged to measure the elec-

tric field during pauses between the current pulses.

11. The apparatus according to claims 10 and 11, c h a -
racterized 4in that it includes further re-
ceiver cableg (10, 10b) for receiving and simultane-
ougly registering components of the electric field

within the near zone of the transmitter.



ously registering conponents of the electric field
Wi thin the near zone of the transmtter.12. The

weapp@sratiss according to clainms 10 and 11, ¢ h &CTMNC20&7/000416
t eri zedi nthat, inaddition, there are
transponders and tilt sensors (12) placed at the ends

t transmtter and receiver cables a b,. 10a

Sony Tng AEEEATEE AOSRA SR 0 STRIEE S Spd i and: P = -
12, crlear a €1 £dd ziend ichad hah dddiaddid,| Ghere are
there are pressure sensors and tenperature sensors
pl aceramspprriertsald thit retesees thd) 213993, 24 0p)e ends

12. Tbe BROALALNSMACCOL ARG L0cE1 A fPedied 1742 AT 10a,
13, c aracteri1 zedi nthat 1t 1ncludes
nmeansl¢b) .6 , 13) for real-tine transm ssion of at
| east a selection of the acquired data to a centra

f£QCeﬁgﬁggaggétaécording to claimg 10, 11 and 12, cha -
racterized in that, in addition, there are
pressure sensors and temperature sensors placed at the

ends of the receiver cables (10a, 10b).

14. The apparatus according to claims 10, 11, 12 and 13,
characterized in that it includes means
(5, 6, 13) for real-time transmission of at least a
selection of the acquired data to a central processing

unit.



