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Introduction

Fhar acdest of st porglndes OF s
mtsurements  date mwk b BT wdth
Fessenden s paient 1o debegt wre bodies by i
al loeating an gcoustic source amd recenas
drlled  hoeles  (JaufTred, 1990E Up o onnl - the
seeond world war, geophane observatios in
loreholos wene made alimost exclusively Tor the
measurement of travel times Trom serfiey 1o
spevificd stntion in the  borehole  so 160 G
sppmie selocite distribation Tor e bocilion
couid he denved (Anstey and Crever, N0
Fowsss then until e mid- 19305 some work wis
performed mamnly by researchomdisidisil- o
siticdy propagalim  and  absurplies o
sldimson e the regolar welociy  checkshatl
survess With the advent ol Lhe continueusly
recorded acoustic velocity log at about this time,
the emphasts oo e wse of borehole geophone
abseruations shilted 10 1he calibration B these
boges sl okl ahout 1970 the this remained the
priany use for survey s During this dme aid
almest wnnoticed by the West, geopliysici-is, in
e tormer Sovier Union were developinge 1he

Un

e lechnolopy of verical seismic profiling

oI haldeng u.|1'-._._| very  barge by of
tectimcil date and lienmpre. [Lwasn't witil the
s 19705 thon western explorationists bewan
tohe motice of this waol and even with the
considerable volume ol informution avoelihle
e methad was slow o gain Bavour in the west,
Ie s e of histonead fact that the 1551
opened o gap ol about 200 vears in the
deselopment of his techiology. That gap is now
.;ul;,.;.mn_-d closed, This 5 due 15 pan 1o the cass
availabilitn o muoch faster  compuring
rechiloey 0 western geophysicists enublnge @
Gaster e of development ol the necessar
computativedl toals FPaul and Taylor, 1997

Woell sepsmic profibng §WSP covers 4
somtes ol technigues. which can be wsed ti
irestigate the suhsurlaee nod sdale beisech
well log data and conventinal surfive scism
Putanl or o 10961 The mome VSE (verlival
seismic profilingl is poor descripiion Tor s
nopes of well seismic survey  now being ey
because of the lirge sumber of highls deviated
and horzomially drifled sells, WSEP s now 2
cenertl name covering all Lpes of hore e
seismic messorements e haling the ¢l
Wl ancd wiekl shoot rechmaues. deillae Dstenn,
cross-well  survevd, and intra-well
ispayble, 1990)

LPE R

WP Mandeling

e computer mpdeling ol seismme w e
propagation  has hu:E'n.uu: an b
companuil of he seismice method, One el the
applicativns of this moedeling is in the contest ol
seisinic interpretstion, Figo 1. Afler geoloneal
data e heen imerpreted and mmslined o g
seolngical model. & computer smulation of the
sefsimic dina acguisition can he used o caloalane
e ambicipatled seismae nesponse |
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Serimiie masdeling s prosades an mmapensive
Pbars ol e e potginzial o peois cress
i propesed data aeguesitien pricedure, 1 s
annappreosante geologic model bhased on
e tion fro pres s otk in the anea,
proposed  seurce. pecetver. wd recosding
petramieters cadn Beojnclinked inoshae prelimimery
{ el s sues s Y s of ol FURA,
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Nigerpficance of Wel! Sefomie Prefifing 0 VP

Optiiel use of WS dato o reduce
R ALY wneemaimies skl dn et
plentidicatioe of  pellectors, cilibeation,  and
il ling of sesmie lovps whuch comespoad oo
it ubir sme of dmtergst inoa well s onl
omnsaderibbe mitewest o e patrolewm st
e ey nied ax an elbec v ol for guich e
Tosilepit b o s psdony picw css o wdenificacion of
retlectors, Imveslicatnn ol amphtude amoimaly
sy, WSE mmesdeling of fluid comace will ressli

irviceurittz bdeocarbon prediction

Ceareminygniiond O fvinricdor of Sindy Area
Pl Fiell of smsds Bs logpisd o fhe

canipsbed sanp e of e Dastern Miger [ heli

whowt 23 ki southwess of Pori-Flanceur. Delia

devedopimeinn in thas a5 charserized
Hhack =ind segquesees doss n te ghoot 3658m - 0
conseguence ol high subsidence rates in Fusio-
marine paleo-environment. Helow thes dapih,
sard shale mnon decreses  bae Enckness ol
nchivedhsnl sends aray stll e up e 0Tme Fhese
wrgid ot st tesnsdll clostires ot 1o i
TRt LT BT 1 T T U T R T R T
comples, corllapsedd cesd Ll SRR [ s Jagdid
fiss a wery figh pooentid tor hrdrociron e
oanth i B Lajinale, DU

A debtie o= a0 meer-lad  depositiomil
shostent Ui prodsces an irregular prognsbinmn
ob the shorelne, Pl ente, sub-aerial and -k
Aupreiis, Contitaoes sadiment mass rsonioded
117 e ity ~walii b serihiosiases it puntis
pwerme nd partls Pl o orne T el
Baasin s T most piuspectned ol T sis i
masins Lhat are of mderest W hvdeocioksn
presspectoes i Migeriae The other bisins ane e
Bidic  Borne-Chad,  Anambie Sokoto, aol
abvmiey Bemin These =is basins inoall occops
rovuplils TaadCoehwe onsbome o Sigeria. The Mg
Dl comples con=ists b oo lormaeiin

chpesitend o Dighevewrps deliziy cisinsmimgn

I ed! Nedvmeic Profilorg Techipney

Adthouoh WA 5 seneriby consedered 1o b
b aoiness bl specialized techmiguoe i is biescall
amn weslersiin ol e surfice sesimae retlection
twethesd otk ditterend conlizurnion of siuToes
g reververs, Inthe serice seismie method, the
sinirees and recervers are posiiioned o he
cartlv s surface. [n the simplest case of WP Jdatn
are acguired with e source an Tl surfics o
receivers ab known depths inthe borehole. [he
bipsag eondiguration ilhesirated i im Fig 3. and the
comespombvnce belaween e e suroey Dpes
cont be elgarly scen (Pl and Tax lor, 1997 Flhe
Wl configuriion bas considerable gl
over e surliee method ino that the seiam
response of the goological scciion from surkice
fov the deepest point drilled. and besond. can he
cbserved as tinctons of oime nd depih Tl
the  propaestion of  sesae eoerey van e
PRRTR AT EA A o and i Ll
B ion converning e ongns of prios
and muitiple neflections. the nature of gl
aiteniation, snd the peesence of discontnmm s,
ele. can be determined (Swaall 19965, 1 nbke o
surdace seinmic detecton aowell geophong hericd
s yere o the subsorfice revonds sesni
mesion due 1o energs iraveling bothe dosw nsand
il wdpessird st the peophome posion. AL esers

iz dmorn, ol Plyvs, Yal, 1543 Hab
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fxfser WSP

(e sowrce o positioned ab oo tised
it vy froam the seellhead, spically N
b, depending on the subsurface area e be
wvistimared The dossnlils ool s moved gl
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Waekrief snmpiesens or 3-1 SRR FAE) AN
Pl denen 3-0 WS Loy e LTS PIIEE Tis
Pctal Wil seometrs do relers 100 surves [l
viks beei recorded with g speviat ool fo g 3.
trpenent geophone, el of daee indisidual
“enphones drenged o weenitdly te reviond ol
owinponent af e sesmig wiave e ld 1o

i P (9865 | R R S T T
BeIpe ol e MOt drough o the
ihsurlace ane considers] iz
* The P-wvave or pressire (e for soach e
paricle mian - om0 the e ol
Frikidimon:
*  The S<ware or shear wure fur wihivhe the
pathicle motnn i perpendicular b e
darection of propaganng,

Wedd Seismiic Profifing e rriitiog
Verdeliagg
I e pasts a Lirge number ol Wsjn

tere coonsidered o luve been faileres (i
mtance &0 of Shell™s WSPs i 19kd) [ s
LIt Canses were e absence ol
Barly delined  objectives and in ety
repasiion | Heer. 1996y Ty propey plis 1he
UL peometny g specilications, & s
trongly recommended o define the ishiectives
ot WSEL and 1o undertike g mosdiling
MTCEse I asvertain il those objeetives can b
rel SR cp ol 10900 Ty modeling - shonl
whiress issues like the sulbsurde rHumiition i
pecified hnfrons, dip-. il veloacis clfects,
the modeling must also address 1he seisniic
esrinse of the varth, wheally mcluding eifics
i T ihserprion, tmsnissim losses, multiples,
Hode comversions., stee of reflection cos icicns,
o Adso syathetic dataset should be peneriled

veiler foceaahle an gsspssment of problems
Al arise during processing, Finally the input
midels should be as accurme us possible by orde
Wincarporite velocity warmlions and struciee
o addition o desiuning WSP BUPVEY S i
A ereadly Belp interpretation of WSP g o
sutmple, simple’ rvetoce lechniques cin e
wod kvderive @ crude hocus ol reflection pr -
b e e s hasis Tor inbaging the WSP dara

S reen

Due o the amore of WsP OPERIT T,

urew requirements are different rom s
ceded i surfee sl wirk, Because of the
sil-vave WAP deconvalition, the wavelot i
TSI o tming of the gy e ol

cudaainy, The main criterion for 3 enod siree
slahility ) re i the source will pre e o

RUSTISICNT S whe fived bl shar ey s i
i recnmended 1o plice a peophone close 1o L
skrce inonder o monitor e sighal. This aflows
lar cormeetions 10 be appiiec during proces-ing
Vibroseis don fand) nd MTLNNG . (I wter
aud-Filled busles o are the most comman HEMI L,
CIYShone, e s water LI e singly o g
anareis e Brome of ol 19881 For am offael or
willk-awny WEP, 3 vesset has to be used 15 -
(e i L

Heceivery

Because . of  the  narsh  condstee
downhole well peophose 1anl ape stprmficantdy
mare rugeed thane stndasd sorree geipluimnes
i daws nhiosle ool has 1o be ahfe o stand wp 1o
very  high  pressure  regime and  dewnhols
temperiiures of more than 300 ¢ In oder 1o
couple the peophone witlh te harehole wall 1he
i showld  have g bvdranlic o
electrnmechanically-nperated arm which can
enterdel e force the body of the jon R e
site oF the well e matin of the clamping forey
b Ehe werght of the ol s ofen wsed) 1o inifiviale
the gqualitn ol 1he clamping. Single componen
receivers consist ol o peophone pobirized
vertically, These are still wsed for Fer-ufse
SUVeNs i verticnl  wells, but Fecomponent
geaphones an becoiming more common, and are
weommended  fur deviated  wells |
e walk-iwan WSIPs. Some  1onls v
Recilities ¢ pinger or harbers ) 10 1est the gunlins
o the  coupling. An  shernative ok iny
mechianise is a magnetic clamping deviee ¢ the
limitation here is thar ool can be ysed iy in
cased hole 1 Additionallv, even with o high
mgnetic climping, there i it "possibilitn ol
MICED slippage of 1he tonl Piean il MPeree,
FGEa 5.

el Seisuenic Profiling frocessing

The hasic processing sequences o all
ipes of WSS are broadly. similar and e
gengrally  entail the use of ey e s
plocesses Tor the  majorn of (e [HLICE A e
rowe (Linn, 19835 ThE segiivhces are dat
preparetion and editing, sepanstion of Up Liring
and down eoing wavedields, deconvalution of L
eoing  wavelield,  enbancement  of ULy
wavelield. and  suppression ofF mose il
umiviinted sipnals

Frr.lr.'r_':'.l']-'n.’
The well seismic profile ® fic. 30
sedsimmie dutn, WSIP dina. oo Fgs 1 vsed for tlis

Mg Do, ol Paes Yl 1512 20
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the  gengeatiom ab e -anfslic soomy Gkl
S PRt TS TIOLTLE wiks el Tev amlitbhbesin Gl
relationsh et een thye seismic data (mes
e el dan ddeprinn The geobingioal section s
ssumed o be muolblered il st
peirphyvscal  parameiers  constan oz the
horigomal ol vaey verncatly downwinds Fhe
womic. density and gamma ray leps acguired
froam selected wells o e field of stady were led
e the LOCC program Lrénd curves were
gomerated tor cach well psime il Iy prrogrian b
POl specrfivally  deseened Lor e raLing
rend. enrves. These trend  eurve  ndiviie

hydreocarbon position aod water heanng =itnils

The program wses the some aildenstty Jees

penerate gn acoustic inpedince g indepth
b acomestic mmpedamee s b product ool letimaly
aml velocins (Colleen, [U86E The rellectiviy in
cenerild lihered. §te inal synthetic was
i o e thie individual sethection pelses. see
Vi, 5, tor Well 20 These synthetics were
st hed with the seisnne rmees and WHE ding
ysiTiy 0 prOEliam called ACOMPOSLE, The
madebng was carried ot on The GX-IE pachaage
vaibier BPE proprictars . selbwarnsk wind 1he
weobigival models wene Buill up based o the
prhle of material properies, see Fablel il
Figh for Well 2 The my bacing Lry race
througeh e model wis carried cul using sero-
affset WP option { Donhao, F9935)

Fhg. 5.2 Gieologtoahmodels ol Cnakpa it el 2

Fiw. 550 Ciooslugieal il ol Gl il el

Anpentywin of Flesd Nufarinerion

[he GX-T1 packoge was wwaed lie the
imvestigition ol the  GASSMAN Taied
penbicement. Horison B3 for W el 2 sk,
[ manterial peopertics of wiler ol gkl s
whiatned Trom an interpreted report were led
Far example. i modeling vil-wiier interlacs, the
ppper pan wis filked with ol and the lover pint
lilled with water. The material propartic- of
these Miids were fod inoand sero-olfsel @y s

applicd. Trves wene peneriad wd thee resuiliing
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| echnngwe For The Rodhieteom ] Scisibig
| neertinmtios m the (0] Faeasitne Hosisess

ke ot aif

Wb frinng
The memerdbed SeOERCTC  SCISIUUTET
weby  exported  fo workstanons . whene  the

program module called ACOMPOSE was osed
o splice the seismic da pslong the  well
ttjectony and the svathetic placed a1 the center
for o devatted well, the matching was mand |y
carried oul. The mdeled WHP were also
sommpmired with fhe well santhebic aml surfoce
et trace, The differcnces and siularies
sere nnticed

v nnion ef Kesulis
M pilera=Neivmie Vaich

Fhe svnthetic scmmoesmns  [om wells
o203 swere manched sl the seismuc sechism
Pt us esaumne Well 2 heres swhich in renl sense
voeriss sevtion of wells 1 oand 30 A subeer of
field XX 3-00 volumee | o 4095 - 703, rsce
o 1300, Two Was Time 0T haof [k
Wms] wene accessel  wsing SEISWIHIRS
wiffwsre, The sunthetics Tor Well 2 owas loadud
and ZCOMPOSE assisted the matching process.
A oshill of sero millisecond was applied inohe
matching.  Fie it The  following  horisons
commesponding o key  reservorr
pbeniti fead e thus well
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P, Tk Wl dn Seismic match

HORIZONS  WELL-TO-SEISMIC
MATCH

13008 Black loops effective coincided
(2.0 Black loops coincided

13,0 Black loops coincided

Below C20 Black loops coincided

(P Bilack toops coincided

Ahove 12741
Flelans B 20

Black Ioops coincided
filack lowps coincided

el 2

shivwed o Lol ol svelbaloese isntig

el Bevend B2 the maich became ven
poor, The mme-depth comversion was carricd
annd plesied im Fige, 11,

— i

ol, tiehalated in

S50 by

Fihlbe 2
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Pigr, 102 Awtual W51 oo sorlaee seismic nidch

Avted WEFP — o - Nedsoeie Matel

Fig. 120 disphns the WSE toescismiv
i The resull shows & Biarly good match.
HORIZONS WsI
SEISMIC MATCH

Ty -

FOHH Black foops coineided
k.0 Black Tosops ciseseided
K70 Black loops coineided

Amadysiv of Fleid Sehstitution

The amplitude anvmaly of horsn K30
o Well 2 was investigated by interchinging
various Fuids foil, wourer. and gagh. The result fiu
el substitution and models wiere shown in Figs
T, Boand S Thene is nonw @ strong cofnehinglion
ol the facl that e spot s indicative ol (Towd
contnet  and  bright sport oan imlicition ol
bes drocarbon, This the amplingde asomaly - on
indecition of hvdrocarksin, As can b seen from
e resull obiained, WSP dul showed o chear
anad more donsisienl gmplitude anomaly than The
apirface seismic datas In this respect, then, e
WP ding are known to give clesrer position il
faults o surface seismic dora Whenses
mismaiches  wre observed  these could e
attributed wowrong whentification of the v
on the seismic and poor dala guality of hoth
sepsmic and well syothenic daa This s wihs
WP alwavs  recommended whers
velocityisvoihetc data are of poor qualits sl
could noed cover the abjective sequence.
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