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WD 2008/ 066389 PCT1NO2007/ 000416 A METHOD OF MAPPI NG
HYDROCARBON RESERVAO RS | N SHALLOW WATERS AND ALSO AN

woiheedddS FOR USE WHEN PRACTI SI NG THE METHODpERS02007/000416
invention relates to a nethod and an apparatus for

map- pi ng subsea hydrocarbon reservoirs, nore
particularly by 5 using the TM node of an

el ectromagnetic field source for reg- istering a
TM response which is nmeasured by one or nore re-
ceivers subnerged in water, by the use of a
substantially vertically or horizontally oriented
transmtter and one or nore substantially

hori zontally or, respectively, vertically 10 oriented
receivers, and by the' generation of intermttent

el ectric current pul ses having sharp termnation in
the transmtter subnmerged in water, an

el ectromagnetic field gen- erated by these pul ses
bei ng nmeasured by the receiver/re- ceivers, which

A MEREOR LR HEEBINE HevniSbRinoh Irb SR s |y Sty Wietions
ANDS%Hé.Eéhﬁﬁ abbarAtes ofbretsef wike skRotEsTiG tTHE METHOD

ctromagnetic field source and the dipole of the
receiver is smaller than the depth to the tar rgeg _
Theobpﬁ@nt1S@|§ﬁiétﬁ%a§9rén@ﬁ?%oﬁrﬁvﬁd%nr%PP%ﬁﬁEP or map

plnépg %?oglgd?BCLESOSXregQrbéiﬁgcemofgcﬁyf@ﬂcﬁﬂgrﬁﬁaﬁﬁ

structures contai n- ing hydrocarbons
uS1hgmeherTMsmbda1ofnaasalqurqma99651ar§l©1d genrce for reg-

insufficient for dete the a alue _
1st?g§ggvalFMaﬁssgggﬁehgbéc i%g @ﬁﬁ? gt%%%u%ghmBLe re
cel%ﬁ:‘é'e%&bm géa andwhtei-dsbgoghai ﬁségoﬁydr sn]asbantmlly

the detected 25 structures. Because of high cos
verdiihlLygokn heui FABtadai onbeRbed) bEeaggitter an She or

worECBRREIREL RIS e 031758 by sty
orleﬁaédreﬁeehveesulaad Bigetheodenapatithegfointermittent
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
reservoir 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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el ectromagnetic (EM neasurenents in nmeasuring the
resistiv- ity of the content of a reservoir have

wPReSHER:RN i mportant s factor in the risk analpysasgHB87/000416
- an exp?oratlon area. The Coptrolled Source

El ectroMagnetic (CSEM nethods are w dely used in
hydr ocar bon expl orati on at sea. The nbst com non CSEM

tloﬁgst%&glb@ak@§9 arhqnhﬁgnﬁalnbﬁaeégytaeerngQbe R9thout
sitioned on the sea fl oor dipole is supplied with

reljableseesnyicl mepstzepgrtenesubbsi. zBheapoetlecapheities of

eleg%%? gk%t fsevn b%%%ﬁgeanEgelseﬁeggg b MAEHe resistiv-

ransm t
1tyﬁbﬁ|theabbnnsnefofuahr&;@keaﬁrahavéebebbhedanlmmportant

atents g Sr.nka % Elllngsrud et
facgﬁéoinzé 5) riski g Y@?Sap ?EOG%PIOHﬁEéPEgEFe@t a
(2003) and in other is publications |isted bel ow In

TheS BB LRb11 BES 8otY-eLE Nl cFRABRAM LAt TBASHERNE N8t R8s are
conplenented by electric ones. The transmtter of the

Wldﬁ&v|née@SEnlbyér@ﬁﬁmbgaleypé@ﬁétapasatesﬁherThe most com-
mon ?F %ﬁgghggggcghdg 3eﬂ§§9%§n9gFgg%&ﬁg&lgg%§e§%P }% po-

€en store ronmagneti
s1t$ehedpoﬁOth¢ sbe Wabowni Theudipolechs beppitddfeith a
furth i nterpreta- tlons Unllie this, . the field set

StrapaL§ EEFFéﬁtCBEF§8§ Horigzgpte BeFFﬁﬁngFﬁﬁ%V%ﬁs are

1nstalQeHh8nfEEQUEEQVEQ86§'WlthndEEEéréhﬁUb@EseEQUEbeEhe
transformfromthe tinme into the frequency domain is

trapsmedtiarse8pwg moddfagatEeny mﬁuahchssyatﬁmatayetﬁ@scrlbed'

in EIPBEE BRTCAlREr ToRET s PR FodrEE kot noa2PRAT 1R

Eidbmoi zénthal dksvanceMbetwegort 88 aigndboospuand andother
eceiy ihe sqQ-called offset) exceeds by many tines

Pubﬁhsaaéaﬁﬁ £SERE PEABNYORR, SIWEsOEoRRPPEORYBRENF cBagnstic
meagnéeméﬁt&herNmeghém&hkEdp59p99@&@r§&Osh&Be

transmtter to the re- ceiver via the bedrock
underneat h the sedinment structure. On the other hand,
Theatgpeanibiesepfniche makéneheSE¥asyebaunugually 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 is
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 targetbarea
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-
celver via the bedrock underneath the sediment structure. On

the other hand, a great offset will make the measurements
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WD 2008/ 066389 PCT/ N02007/ 000416 3 vulnerable to
distortion as the EMfield propagates through air.

430 to Constable (2006) and Constabl e ap¢\BbéFooos16
(28’86) the effect of the EMfield propagating throuézo
air makes the conventional SBL technique unusable for
exploration s in shallow waters, that is to say, the

vulgerysnti epaki SBbrt €6h- aB'GH@ Eﬁ EQQf&d§£§§a§QE§é|@Q£§ugh
for water depths of under metres.” Thi s drawbac

alrofAﬁﬁ@rﬁ®§g b@p@pastQBEWIé@@@éhw&eﬁl@@m%tabh%r@nd Welss
(20p ¥ EHBTLEreLPobe (HRTBIYE 280" BELRATRL 1R g 2t

makeenthébubﬁSehﬁlbhalhSBLZBéthhlqﬁé hhﬂ@abbéeﬂbfiexploration
X fLehg. IS kno that the TE npde, unlike i
in gp3 9¥r§3FeﬁﬁgnE RE £¥MFONBRY; FéenS?nv%vylg%ﬂ Fphetech-
nlqhe 15€8baki 8Ll GRLE1 1 BHYAT B8 aRdt EPAYELEA9BEE W8&Sra300
CSEM confi guration measuring 1s the step-on transient

metresponse for a-horizontal, in-line electric

di pol e-di pol e system This configuration was | ater

p 9 u S S

rhiBPBeLBEaEK 67 Bhinbt? BootPal CHEN, SfPR"H £8ofd%s more
fundhmehtam ﬁsehd mamemynphenfatedthatthbebtﬁaﬂsvafsal elec-

,elg SIC f.iel The rggd 20 side co ess
trigeALF) PRIGi Ph FBEpELEItocPREFLPHERS bﬂ%s Sri£feal,

in- Imﬁéefeaéctkaccameba U§ed1§0kn9ﬁﬁeﬁﬂaaaéh@nTﬁfmé@@ unlike
back ground cross-section (Ellingsrud et al. 2001- 2005)

- theghganswhyaebsmageeteqi 4BM) cnods, stethoh veyyi se@sihive to

res%gglbg_%%g§ngeasurenent In these trials the

ransm o-receiver off 25 set was varied in the
range 300 to 1300 in. This system showed higher
Edwaeéslandoﬂhahan(38&6SyasedsamﬂsEMngomﬂigheatbonemeasuring
onal domai n. . But _it - does

equenc e it ..
the BBLBEPh EReREnG, B PBPRAS AFOE of oo Seah o, « iz ine
elef8eptBsaex6eedaPos8Vaystem. 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-section acquired in the in-line
measurement. In these trials the transmitter-to-receiver off-
set was varied in the range 300 to 1300 m. This system 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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eral hundred netres. 30 Edwards et al. (1981, 1984,
1985) proposed a nethod of nagne- tonetric electrica
Wﬁ at sea (Magnetonetric O f-Shore El @%‘rﬁd(ﬁ@émomm
Oggu Method - MOSES). The system consists of
2008/066389 PCT/ NO2007/ 000416 4 vertical cable mhlch
extends fromthe sea surface to the sea- bed and is
ver8Y4BRLi edpbt hnaBnabkeEnaki 8okl ERET EEaCHiLEAte fo the sea-
magnetic sensor neasures the azi muthal conponent of
bedt padning- snepléefl withaent Adterapbdng Acteebrigdoanteage. 2
f I e of =t -
naofe ity 5eablz hEaPrkRh Sk RbipilpalieotboRREe 08 B mag
netﬁbefhé$dlatgehéfésabedLansléaB admhnthgarefnmoessaxg its

f di ffi |
re11ahiRiPyi 19" Fhec R besp phr RToF enbboraghati fighd The

dralBdekkSbEathans 8Etéﬁeafg fede1 9fgtherfiet daihonsi o,
together with 10 the TM node, the response fromthe

whlchvese|gaceasa@yu§prvprogndunguaesuféngeeptcéhﬁﬁ&%uhﬁvel

andﬂ%%ﬁgaglge gf?éegﬂ”“ﬁeeﬁ g@égkgf %u@%%r%§$ﬁ85§§é the reg-

are Nnecessi
isteabsbflebbtheoTEspbde QEnehaIfyeldxceeﬂmmggtheOgephér with
to the target by a factor of 5 to 15 Barsukoy et

the,PM pogdes) theepFERERFE By E]éepi”é%ﬁ“ﬁ%??i reghgtive
strigtapt, PYBLEESY! BB 2055168scPr OPOSe & TENP VEL

conf |gurat|on whi ch features vertical transmtter and
re- ceiver lines for settlng up a current in _the sea
The angsteasumon; dgawhackeeefr pélf FoedCSEM makhodaydeperibed

areTFHP Xghegggﬁgggkauggnét?gn??§$%§£f§ bgfgeLéyeégg Fally

ratuman- e romagn consi's
excébalﬁylﬁhéede@dﬁltbonhélyarghe Bysaeﬁacneasufes Uolyo
the TM node of the el ectromagnetic field. The

e FoLGiEhe 507! KOUDEL, CBabRnBSh sl ok el blBsas anmii-
canBOLi 3aRtat $AB2ARALEYBNONO 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 if
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




10

15

20

25

30

25 the transmtter fromthe receiver is considerably
smal [ er than the depth of the target. These
wo e feissr i stics of the system provide maxi ”PHT/N02007/000416
sensitivity with respect togthe resis- tive target
Unli ke SBL systens of the frequency domain type, the
TEMP-VEL 30 configuration does not lose its
or1§ﬁ€§t&bﬁ'5f w@§HSH§€geftananﬁébef@éﬁrcgﬁpégsdoéy ﬁ@@ allow
ot her hand, a normal use of this systemin shal
signafarant iae'@elenafl theevaasuredesianalsato Vise achleved
2008/ 389 PCT/ NQ2007/000416 5 or,j ent 0
Toi§ QoA PTer RRACT BT UET Carras BRekSofoep| Buparget can

be gegatteaapy tnéehgeoéfthzmnevaureﬂ shghpds watde.
achleved This condition places restrictions on how

a target can be detected by the_use of TEMP-VE
The{ | AORRRFE G VB 0T s ReOPATEht Fanrm%d:ro?r.f%g BT Rt Teast

onetBfrEﬂgdﬁrgﬁbﬁgﬂ§08faEhée§§£orOQ§tOf the drawbacks of
the prior art. The object”is achieved through features

which are specified in the description below and in
Thet pbjerhi a8 2#hieved| shroTgh ﬁﬁ@éﬁr¢%nWH1@bl@%@sSE601fled

e r s:fo 0 o) d
in gg%eéegﬁ §€%§QS%§F$@ %&gslécghé Cf$f%£d¥%$€c£§
reservoirs, including investigation of the reserv0|r
Thegénnentyoandidelesaénathonebfmehboﬁﬁand spparatwsnfof

tions jnclu in the reservoir
shal {8y, ain RerSndaker SFSrhEorRgRRET e bt orke et TS Pk Hyaro-
carbbflededep¥ el s e hellulifhgt NAveESt 84t DO ObE At he@SLENOFvoir
and de- termnation of its properties bggthe use of

geoppEryMRREdecbprminat épRCPF OB NER TR f FRFETRRdOR e | BRO
for&QEzéHQS§ﬁc§£& &ug% gﬂésreggfggifc field node is very

ensitrve to resistive targets ocated i-n
sedlnEntary, mari ne. substrates The el ectric neas 20
AccuréﬁngtscathecéirBEdaeperyofhEhesénménUé®nithere is pro-

v1degcelnovel 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 ére 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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cabl e/cables if a horizontal line is used for setting
up a current in the water. In the sane way, the

woBisi5gents are carried out by the use of Q@&bﬁﬁ@hﬂkmu6
sed’to

recelrver cable/cables if vertical line is u
set up the electric current. In 25 both cases the
termnations of the transmtter cable and neasuring

the%%?%&f@ﬁ@ﬁe?jkb g@ﬂ@%gt%ntﬁé MOFBe Y8 bhCah1 LA ively,

the term "an orthogonal setup”™ wifl be used to
to denessiebbothchodasaciut switbhmeastrgmeati of. only the TM
fieﬁécording to the second aspect of the invention, an
paratus 30 for determ ning the reservoir content
exhi bits an orthogonal configuration of transmtter

AccopdingCebVvehecahlied, aspeot dof, t MO 2008h066R28% he transmit-
PCT/ NO2007/00Q416 6 thereby, either to %enerate t he
terTﬂFPFEFHeﬁr?nglFéﬁﬁ%?%@%lE?rOF%thh%rﬁﬁé Bof ERGdRRce of

. A h . e
i R e s e R A e
front) . g€her aecsiuat neassnesstharvoybaghedifibtrence which

corPEPRPREF: B FRELFSRboBHRs S5 rEAr SELFCLPSE BePa il 10
ortMegbage dof tReepeeaWhehliner £66068HUsnothset spnPmedns

of the electric field which is orthogonal to the )
of gheafyARSHiRECEORARREEP ngTRACIERFRT ABETRBNsS 2P BFlefeout in

the:EQEéEbgisrbeeggsﬁ-i De-FEASYL LIERE %éléé%fifﬂe$%%gé§hess

e intervals between injected current pul ses.
of theepeessirohtththeeatabibhty ohetkbeapulseyamplitiede and

pyl.se, anplitu and, the duratjon of.the_pul se ensur
enePiRE3ERCR b ! ffe Rt eR Rty oF B e hede EPEn FodRitidency
of #hésmkadapeadesspohse Mrhi di NRdep&hdeSceds U8R Pdined for

intervals corresponding to the depth of the tar- get

meafBHV@@?PEaﬁéﬁ?rﬁé §r@?¥i§e$501ad*@gr ‘H 5§Eeé?p%h ‘?ﬁet e tar-
get! DNEOLL PG LG Measur enent

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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is carried out under near-zone conditions when the
hori zont al di stance between the centres of the

{ itLter and receiver 20 cables is small &Qﬁ
Wot{QeEE;@g‘}OS h to the target. Acgording to a fi ftEégspelé:btwm0416

of the invention, a plurality of electrical receiver
cabl es satisfying the geonetric condi- tions given

and2BAY% 1w H%@Qrf?é §¥E§?r9??8§ ggt g g@ﬂ#ﬁ?ltiﬂnaiﬁ the mod-
i ncrease the survey effectiveness. he mai n
elscoheepésisfitvheypeEsthe Easewbten éedrhabsraizzl @m, thisereas

: ipg fi i ich th n TEMP- OE
thel TRANET EECY EPECEFONABHAEI (=KBF| Fod PRospetpace below the
tarQethoapesl EkegtpinG thaesran§0athgur Abs Do A666T 8f Nthd Ctar-

the invention is also conpared wth the conventiona
getSpRYSF eqEieRR)0 dehRi e SEWENEL 19.mE@0 aremmtle, a layer
opf i gurat Lans. S | three configura-
>0 @ig%éggrgigﬁoétggg$%§§ggg égtgé a'water |ayer 1000 m
t hi ck) WO 2008/ 066389 PCT/ NO2007/000416 7 and shal | ow
Withaeech(afweher cbnjigubftimohhi thére|maal 41shebawnl- tedising

..ihe resjstivit f the . se r_equals 3 t,
with EaEgRt L n¥erd Pocnbea) 86, EREEsERb cifaphd v the sea-
bedhatrhe spagpohst oVt neulhaedetolaylgs , thickn&¥sed €000, 2000,
transversal resistance of the tar s get layer is 2000

3006np2080r 2RI pdARP G 06, ther certpieg bayeyerre sehown by

dif%gkgﬁtm&ﬁgvésfe%hé&évaéya9%049%5mn Qﬁéhrg &ngé fgf a
configurations there has also been festin W th

modedr githdayeosl| ogatediatidef layent noepbdindepoastite here.
sea- bed. The responses cal cul ated for the thicknesses
100 2000, -i 0 3000 0 and.5000,. m pf the overlyi

The | B001oRP RS FLARTEY S0 Fop bR AETrVHEE LR T f ht TSk o

pref8OYBAt SEbOHASRENES HAH SholDdehotV bdotkdnOiderdd as limit-
resistive layer not being present here. The follow ng

ingf fguklee HREERBEPR- descriptions are exanpl es of
preferred enbodi nents and shoul d not be considered as

Figﬁ£81i' 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 offset. This is a configuration much
used for marine hydrocarbon exploration (SBL and
other systems). Diagram‘(a) showg 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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Ising to the invention. Figure 1 shows the resol ution
of a conventional CSEM neas- urenent (in-line TxRX

WO, cquoncy domai n as . a functon of of FCUNORH{os

Is a configuration nuch 20 Yised for marine hydr ocar bon
expl oration (SBL and ot her systens). D agram (a)

shows t r@ﬁﬁ@ stgm f@%g%réﬁﬁ%ﬁgcgp%a\’?% 0'\; OJt K1,

period 0 ©4 sec gram
nodel fozoasperTload ﬁéspdnw ate $inews afer \Aeey) td&p and

For shalb bt BBl Yo opor PO LSS Cpetdd vbi yihe; Vol tage

sec. anfslnSefaliAbd BESPROSERHALEAPr dRbiZed by the
product of the source dipole nmonment and the | ength of

the receiver dipole. 30 Figure 2 shows the step-down
Figyset dgeshed¥porse abterjamtre oronbiguraipiens efox Hde TEMP-

source (g% g}g%‘g witched off for WD 20081066389

PCT/ NO2 / 76 8 the TEMP-VEL system according to

Bar sukov et al. (2005). The responses are shown for
Figgag deeqaha‘msl t](lda))stséwcﬂmnvm]etagé' heespdsnt as eSClﬁmntion

The voIt i'S no i zed t resse

F o o &R I e St T g AT o T, e P (il Psten
TEMP- QghsSyséenwitaid® Afﬁhorﬁetf@sﬁé@éééi% VéHdwgefor
-response as_a function of tinme after the source of :

t he neM#EWE%ELa%‘?sﬂé)mS%%l%éfﬁ%@ﬁtc% Qffsetthis 300
reSponaﬁﬁeﬁéffﬁﬂgmfz dﬁ&Qfﬁé%; Q%EéggsﬁgﬁﬂiﬁﬁNto the

wat er set
conf i gucamfng\utamtwmsmminngntfngmuee 3a) the voltage is

normalized by the product of the impressed current
and the length of the receiver dipole; for the TxRz
configuration the response 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 is 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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configuration shown in figure 3a) the voltage is

normal i zed by the product of the inpressed current
wodtk/deassel €Ngth of the receiver dipole; for therRd3ormoss

configuration the response §s nornalized by the

source di pole nonent. Figure 5 shows schematically a

side view of an el ectronag- netic surveying system
VEnMss,@t@mv%&bﬁahste%a%%%s& t¢ahkhifed-Nankzeatalver ca-

receiver 'es (corresponding 20 to the configuration
bleshown in flgure 3a) according to the present

i nvention. Figure 6 shows schematically a side view of

et Lo e r [ m . . .

riaf%) CRHE SRR SETPEE BY YYL BB 8 trasiopg, is
achiabkds [aothesgamdt 2bnifaguiatiba ethaef efutaitientfibddnis

in fl%y e Sg) according to the_present invention._The
1mpresRs %Vbﬁ SeHSEcObr & i ﬁrFécﬁﬂecﬁpé§eﬁFeﬁﬁ98ﬂtPBﬁYc%nTM"

ele@%ro%ﬁ?hb%gc'@1%&@'Eﬁwéaﬁgrgegﬁléatﬁéaluht % this con-
characferized by high sensitivity and high resolution

figwrekicespeborigonssils 3adua&éytdngecgedlnabaauusonsed for

hod and the new appara-_tus a
A A i L s e
£ig20884100a6388cPCEoNRA00E4E0CA16LD &Eblaysbeugwhlebrusms

vertical transmtter_and receiver ca- bles. Firstly,
Preﬁﬁé“@Sé“GFeaﬁelﬁFot%@ep8§§ﬁﬁkeWEGHPﬁﬁuPaVﬁﬁﬁécﬁé réceiver

is %%QHQY%Q mbashggnb'ﬁﬁk QQQEHQHiaEbﬁBohEﬁtebchhécelectrlc

is s |n'presse y t he use of verti cal
fleédeassnglahbﬁ witht tbeelMrbfiaddet fn thesdwan ahe System
. tra g hIS con figquration.a bl
withl AtLa S0 SEEheono? ENaReRiliel) SHACkRARI00x cables

meaé&gestEheanLthéfQ&§p©ﬁﬁblQﬁathéesﬁeﬁ&Eurbnabhﬁlgh sensi-
tiviggogg gggistive 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 transmtter cable is used for
im10 pressing current into the water, whereas a

receiver is used for neasuring the 6al
2677000416
WOZ%M/%&%& of the electric i el d associ at ed \I/’\%?}#dt ﬁelooo !

TM#leId In this way the ﬁmtan with nmutually
orthogonal transmitter and receiver cables neasures

in EHS E%QEQ& LEEDPNSE. E‘réx‘?&mﬂfé@t%@ BSed)| GP; SENSE SFf.

tivity toresistive targets Is provided. At the sane
Datalaequlsh91dﬂpldqh@nproéeaShnglan@t@ﬁtaaimmﬁrp¢¢t¢tigm are

h di |
carhi 5 GG ThetMBCELEa IR G- nal | vl oven i hough the

survey is performed in shallow wa- ters. 20 Secondly,

Fifthli, | BHeCROPL S0RE £] USES fNcs NBet wd&s tie PeaYEAEs dhethe
necessary accuracy in the_ nmeasurenents. Thlrdl%ju t he
trangRihthert 87d| REFRLEet GaRLefeRRFAPLLeT | Bl (fondifieng of

neaPuééﬁé O"i‘h%!s‘ediéééﬁgétigszﬁé‘?iér th §?r@ﬁé {4984t Qepth,

he pul se being steep. To avoid conplications
whlcbnmscmedsur$ﬁ 2somnthapeedleed. f orm of the current
pul ses (Wight, 2005), the neM/nethod requires t hat

th epn h
one i FhEBRGEERL LOTEISRESPIAS, ok (SR npSePHLaE 4o sbown
in saguséy3accmat1el§pecmfigataeﬂan| ﬁh@r@lyﬁtémrmﬂstees@es
: Eonse correspondln%%to the target de g% gf t he suryfy
elegprpe cupreRbepRRde ‘FaE‘EJI-”s]%YfB}F?nu WP¥ nt yvetkea
traf¥RieoLpeasyi £Srhi ebdsn Of LyhRGe CHEESNEs T4 Ov g1 Y romag-
2008/ 066389 PCT/ N02007/ 000416 10 in the stratun1after

netipef ﬁ-eéﬂsmlt aestha‘smbee@ mnimrhedAoMrlzmt@l receiver

SLtlon o SSIn gﬁt | pr tﬁﬁ
canTEhily, PRredfed, B RES PRSP e e Fl VLS otk vo
prohﬁme zangabndl slene® mimeaaﬁ hige C@éamﬁe@f ut he reliable

transm_tter and receiver _cables satisfies the
mangeRdpRfoNityfthe required accuracy.
Another possible configuration according to the new system is
shown in figure 3b. The system gets 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. Such 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 f£rom voltage into ap-
parent resistivity format either by direct conversion or by
comparison with the response of a two-layer structure con-
gsisting of a sea water layer f of an appropriate thickness

and a corxrresponding 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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near zone. This distance is smaller than the target
depth, which is neasured fromthe seabed. One of the

W(p%%é%i% configurations of the new systemis mooi/dbmm
figure 3a. In this configuration the system inpresses

10 electric current into the water by the use of a
vertical transmtter cable Tz. Such a source creates
thed itNVeBli8eky omag- netic field in a stratified medium A

horizontal receiver cable Rx is extended on the
seabed. The length is chosen to provide a signa
Figusgels whiocsts casdfematdsunvdgw Anawhdkhabhe irefeganee nu-

d h
T e S e oy

seddegline adld whltth 3y StceBedets flpaelifgt binC tEkr Kaftri @urfhee 1.
wat er, _using a horizontal transmtter cable_ Tx.

A venticalc dranspditier Cable B2 is G§€H‘1F6t§ichYuHaFﬁé‘ filled

tréﬁg%ﬁ%herS@q%d%ﬁg&éﬁgﬁIVer measures the Ez conponent
of the electric field which is associated with the

TM node. In this configuration the necessary signal
A haxjgentalprededaghyradpds dPaesrnotcis regsdnert edectrodes

bl f I h f
11 S0 aS A B RS, RO fu B o, FER e, Bl JR%ana

a chmmeredsigr edblesporses can be converted fron1vo|tage
into ap- parent resistivity fornmat either by direct

conversion or b cQ ri.son wi_t h the_response qf
The, SR EIER 08 Aot P LEORAtI08: Phg BF S16ERTaaEe: O agdr are
corftrefl 12 apPLANL al@isbsCinesanspbddargonpespondi ng

hal f - space. 30 The concepts forning the basis of the

TEMP- CEL net hod as de- scribed herei nabove are )
They ygpredd4i AsaRrappaes: Withceorarig séahbop06sprpeesBoacrial

5. S‘?g% %QQZ&Q‘E%%G u\;\%.i:kc ﬁt ?%e b?&?%é&” wi ’Ehg Uhearr$i9§3for

IC View Il n erence
signal communication with the radio statlon 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 igs 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 l1lla, 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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nmeral 1 indicates a water surface of a water |ayer 2
above a seabed 3 and with a vessel 4 floating on the
rface 1. s A vertical transmtter ca '
WO}@IPS%{G%&?M by water-filled,,transmtter el ec?lrj@gégo@omm
A horizontal receiver cabl &€ 10a connects receiver
electrodes 11 to a registration unit 9 conprising a
3 age 0 aaad c g | e h -
i p03|t|énpﬁbgg%dtgrlgﬁgggggﬁgo?b?hegg éc?%g%Clhgl§1§° con
troar@hecdatmobqulbytubhtwheﬁsothe/shraaypﬁadgoin@ZonThwhls
g LS ﬁrovi ed wth a rgd o_station 6 and
ena ﬁSaFeP§ 1FHeTr 85i BEPSEESReR Ft1§'|%np?oWFaEBrﬁF?ﬂt' a
sata@fagtb@g-baghaa q8haAgk ﬁQQWHBtCBEéﬁnaEhRQvéBe radio
station of the vessel 2s 4« Figure 6 shows

schematically a view of . an alternative con-
ThefF@&Faﬁ?@ﬁorﬁnérﬁ@FEP@ﬁ€€Sn&ﬁeﬁﬁﬁ vseﬂnépgaacﬁgrate deter-

min3®hio Falthe ARSIk bher o%aghg @#ﬁngﬁgthgg' SR8 Meeiver
vertlca rece ver ca- bles 0 orizonta .

electawdast Ber 1dable 7b is connected to the ves- sel 4
via a connecting cable 7c. In both configurations the

d i _
vhe BRE aPTRE 48 BRoRblrhfnatondosh tha FrangEommed into

-diafrbepletll Eor29ollBageBbpaiede Qés@@ﬁﬁaitynvefshbetlme

TEMP- CEL, the vessel 4, transnitter 7a, 7b and
and; depthepady/ Py, 1P| AnXPESLPRedVhANEHEE  ReEBSFRFEnstFBRSFOT -
mat@%h' qﬁt%u&f 51 8k bAr m%@scmﬂgr Lhg gﬁ€er§9étgeﬂon of
qual ity of 'the acquired data he radi o station
theger icahsbg, ca¥raed owed for comuni cation between the
trans WD 2008/ 066389 PCT/ N0O2007/ 000416 12 nmitter 7a,
7b and the receivers 10a, |ob, especially to con-




trol the data acquisition while the survey is going
on. This enables repetition of neasurenents if, in a

satisfactory signal quality
een achi eved. 9 S The tiIH3sensors/transponggigﬁggnmom”6

wolBRRHERYE.

are used for accurate deter-
of the transmtter and receiver

m nati on of the positions
el ectrodes 8, 11. The

Litfataraeguiiged i s processed, analysed and transformnmed
Into -diagramplots for voltage/ apparent resistivity
US petsuosstine to and depth and/or 1D inversion. \Wenever

necessary, transfor-
i nversions and interpretation of

mation into 2,5D and 3D
t hese can be carried
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to be investigated, using the TM node of an

el ectromagnetic field; transmtting intermttent
current pul ses, to characterized by a sharp

term nation, in a subnmerged vertically or
horizontally oriented cable (7a, 7b) and acquiring a
medi um r esponse during pauses between successive
current pul ses by the use of a horizontal or,
respectively, vertical recepyer cable (10a, lob); s
and nmeasuring the stratumresponse in the near zone,
that is to say, with a horizontal source-receiver

of fset which satisfies the condition R<i - |,ua , in

which t is the time lapsq af{ef sthe transmtter has 20
been switched off, go=4;t1WA/m and pa(t) is the

apparent resistivity of the substratum.fo I, me
Almﬁtﬁba.of2el§h€r¢mﬁ9nﬁih§fSEF%%X?ﬁﬁﬁégﬁ§9F€E§E?§%§¥ng
according to . claim.: 6hqr ashesizath ihydrbkarbenl tipl e
ref oS @Fgef%dgégg(a 3 a?g used, 3. The nethog,of
resesisiammgneth @ suavey agr dcofdtngitd H&ns 1 and

2, characterized, in tt.&?% d.he orientation of the
nether RN SE8LFE= (TP 7h) and transmitter %Irgggrodes
_(8) dscoaiimiahl etlebyriddl cBeraehebrItYADOr 7 ~ The
met hod of el ectromagneti Veykadofcgording to

tel b nrvestiogigds © h%éa%%ei?f?“zﬁ‘é in that all

cTBABHERABM S Arfdetdsri ed out with noving or
stationary, sourc

e 08 e i e B urdRfepylags o1 5

-st at FoRRFTLTE0G JBFETHEE T ob, i 1) e
characterized by a sharp termination, in a submerge
vertically or horizontally oriented cable (7a, 7b) and
acquiring a medium response 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-receliver
offset which satisfies the condition }2<,ﬁpaﬁv;% , in

which & is the time lapse after the transmitter has
been switched off, mf#ﬂdﬁ”ﬂ/m, and pg(t) is the
apparent registivity of the substratum for the time

lapse t.

The method of electromagnetic surveying according to
claim 1, charactefx ized imn that multiple

receivers (10a, 10b) are used.

The method of electromagnetic surveying according to
claims 1 and 2, character ized 4imn that
the orientation of the transmitter cable (7a, 7b) and
transmitter electrodes (8) is controlled by tilt

sensors (12).
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5. The met hod of el ectromagnetic surveying according
to clainms 1, 2, 3 and 4, characterized in that
current pulses following in a particul ar sequence are
i ncoherent with the noise, and the response 10
measured at each receiver is stacked in order,

thereby, to provide a signal-to-noise ratio sufficient
for the purpose. 6. The nethod of el ectronagnetic
surveying according to «lainms 1, 2, 3, 4 and 5,
characterized is i n that further suppression of the
noi se i s achieved by neans of registration of water

Ttgé £ oNd1 L erRalaiHete cabuthey irex siorerdisgat? ons.
. The nmethod according to any one Qfe laipg, 1 to 6,
clatawsnct-e@ 2894031 f Bhatt & fetisiton On the ~ 20

e A0 NV 0RrBhehbe LI Taaeqaisott onitlc mvGadoPr
operati1 onal node, change of Iogatl on or.retri eval of
sehtigranomeusreshé’dnstufdnfEd WM Hfter the

' ﬁjg l-aibaye beeh ewd, uatpd and/or fully or
S%%‘?%‘%% Ci)i%nt :eLrpret ed. 25 B. An apparatus for the
el ectronmagneti c surveyi ng,

of electri resistive
Thargetsopctfe PR FRIMt Nty ¥ “Hyd o%gér R
SLESELVDI 5, £ RaAal ach b £d dtzeerd & mdhal nhe

apparatus conprises: _a subnmerged_vertic Y. ‘:K@m@r
theti zentent pulesy £3dleyihtdy acgﬁfgl%?%% 5% ar ranged

28 ﬁgggé%%h@%i@h thaNasidd erandl the ekepomzmmgnetic
fre ; an electric power squrce an]o:Id t ransf or ner
mehsohedr 8t @adhgesetgesubp| SFATES rBn8RT T er cabl e

thide i\Z;b) oL SR 208 18haTERndRS sey patpal seBficimnt
uraP 6n of  an
for the purpose.

The method of electromagnetic surveying according to
claims 1, 2, 3, 4 and 5, charac terized
in that further suppression of the noise is
achieved by means of registration of water pressure

and temperature at the receiver locations.

The method according to any one of claims 1 to 6,
characterized in thata decision on the
continuation of the data acquisition, change of
operational mode, change of location or retrieval of
all or some of the instruments is made after the
acquired data have been evaluated and/or fully or

partially interpreted.

An apparatus for the electromagnetic gsurveying of
electrically resistive targets potentially containing
hydrocarbon regservoirs, character ized

in that the apparatus comprises:

- a submerged vertically (7a) oxr horizontally (7b)
oriented cable which is arranged to function as a

transmitter of an electromagnetic field;
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10.

11.

12.

i ndi vi dual pul se being in the range of 0.01 to 50 5
seconds, the anplitude of 100-5000 A and having a
steep rear front; and a subnerged, vertically (10a) or
hori zontally (lob) oriented cable installed in the
near zone of the transmtter (7a, 7b) and arranged to
nmeasure the 10 electric field during pauses between
the current pulses. 9. The apparatus according to
claine 8 char ac $er i zedi nthat it

i ncludes further receiver cables (10, Iob) for .
recei ving and sinultaneously 15 registering conponents

_of theegleectid %)Jmiél Govirtli and the meeaforvRt Wiiche
transmtter. 10. The apparat us, accordi trg. Cl oy 8
sz bnmogeR o FUEPLY (8 FLRDSRLELET R, (Taf O
wf\fligi)éé Res bEChSaddd: dypanppuBees stiendiuriationent B
p

aced at the ends 20 of the H{q9§qjtggr and
indceidrel pubbesbeimg imh theoxandf ey ©-Ur. “Rppar at us
sé‘&&r?%sd,' NGl %m?i@{:ﬁ@e &£ Aoand0b0, ACald chaviing & t e 1 |
z e I nthat, I1n addition, there are pressure
sseas oreamfdonsppanrdt ure sensors placed at the 25 ends

_of t§elﬁﬁﬁﬁé¥8r Gabl £5:104Pq10kpbdr Hirizbneadpyar at us
accof ding t claims 8, 9, 10 and 11, ¢ h a r %h& er
(Lol) eoxhantred leablet insied i iRpkhe 1R3F 76’,“‘31?% or
real -tinme transngi.$si ' deast maasead ettid on of the
CRRREM e A %’t E)ﬂoz %lgﬂt%gﬁé{grocessi ng 30 unit.
electric field during pauses between thé curren

pulses.

The apparatus according to claims 8, charac-
terized imn that it includes further receiver
cables (10, 10b) fox receiving and simultaneously
registering components of the electric field within

the near zone of the transmitter.

The apparatus according to claims 8 and 9, cha -
racterized in that, in addition, there are
transponders and tilt sensors (12) placed at the ends
of the transmitter and receiver cables (7a, 7b, 1l0a,

10b) .

Apparatus according to claims 8, 2 and 10, cha -

racterized 4in that, in addition, there are
pressure sensors and temperature Sensors placed at the

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

The apparatus according to claims 8, 9, 10 and 11,
characterized imn 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.




