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kronry 
Sizeable 3D seiomic luneys wer buried thnrst fronts 

provide the start of a full 3D work process that greatly 
kapr0ves the c?rpIo~stion and pruduction t h  of multiple 
plays in mmpk &dogie hrndc in order to maximhe their 
prOI;abikity: Thk full 3D plarfan not only improves sele 
mic imaging and intcrprration, but allow ~~ntinuoua 30 
analpin of the proi tc~  fmn, stnrcturPl, model@ and map 
ping, to cast reduction &rtr for well and development 
~ m r t n t i g n p h i r , ~ d f r s a u r c m o d e l l a g  
input fivr hJL fidd simulation and in-sll dding. For this 3D 
work process to &ectively function and have positive 
impact on the E&P bottom be, it is e~sc~ttla! &at there is 
interaction of all d i s c i p b  throughout the pmjm life and 
continuity of acperitnced, highly motivated team me& 

Inb#bctkn 
YF'FJMurus and its pumers have achieved a W 3 D  

image ofa buriedthrustftont inonedtht~prol i f ic  
hydmcarbon-bcsring tnnds in the world with two merged 
3D seLFmlc surveys tow 550 Ian' of surfact covengc 
[exdudlng overlap), Thir 3D volume coaur b d e s  of 
mcked duut sh- which farm the clrrwprd continuation 
ofthe Rvdal Eeld complex in the EastemVrmeplda Basin. 
T h e  data and the iMerprct)ve products w a r  performed rp 
a part of our t e c b n o ~ o ~  commitment to Lagwm in the 
d c t  cwtiwtof the Qukhquh Block awardcdto Maxur 
in the 1993 Second Mnrglnal Fltld Bid Round. The techni- 
cal drivers that helped dcOuml~ on . ~ ~ r c p i v t  bid on this 
hlndr war 

2. multiple reservoir objective6 that help m a t e  the 
f n c d n g  mtmoir qu& risk on this east side af 
the basin, 

3. midtnce of nasonable amounts of qua& mnih 
sand system wbkb tend to noJn &kive m e -  
abiritywith depth, 

4. evidence for a continuation of the Furrial and 
OmcuPlsm~tudtren&idto&e blockwithhge 
thnst-induced antictines ~ ~ b o n l  h partkuh), 

5. a rcrudunl &I which oupporred WcU-dePelopcd 
4-way closure in spite of the d B d f  low-rtsolution 
ZDaianic 

The intapmtltion and mapping of the poody b g e d  
Viiord &ucbm, In particular, was luy. Mmy companies 
inarprmdtbicdmrcturrrsacontInuotionoftheFd 
Boqumn trend, but the depth ofthe ftnr major memoir 
ind~dthesize~fthertnrcharmrrLedthedi&mrr 
between an or m d m f t  bid. A 3D survey was 
p a r t o f t h e ~ b i d i n d c r t o  helpcsscthemneunson 
rrrervoirtargetdtpthandthesizeanddeurledgn,mttryof 
thestructural dosue R d q d ~  howevec loomed u 
the most &ou. risk and, dw ta the luw feequency of the 
seismic at t h e  great depths, only the drii bit reveals 
these rnnva 

Thefint8~~ey,theVEbonl3D,wrr~~quhedin1994 
urd represens one of the fhPt ocp1oratory 3D seivmic $eta 
in Venc~urlo. The Kcoad w e y ,  the Q-uinc Norte 3D, 
was completed in 1997 to the north ofthe fust m y  and 
has both exploration and developmat objectiveb The mr- 
veyt wm designed with sufficient apermm to adequately 
migrpuandimagtati,uiatupreMre viewofthiscomptex, 
stadtcd thnrst fmnr. 
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Tliv nnnhtm sun.cv wns much more <lini<ult to rlesixn 
:~ml 3 ~ q u i r ~ .  ~nvinq the. d i \ws iy  of ol>jcctivt.s at wrying 
tlr.pth n n ~ i  the. marc Jiff~cult rurtace conJitions [rugose 
tnpl->pmph!, ~,u:iropc, culture, rind Quiriquirt, field infra- 
\in!, tur3.i Tarrct Jc-pths rang,. from around 2,000 t o  
15,OOO f c . t . r  T!it.; \viclr> ranr:c is cluc primarily to thc stackrc! 
naturt. <,i thi. ~rnhricated tllrlisl tront and our  clcsirt to 
iniludc the. (?<~irtquirc Sh;illow Ficlrl with its post-thnrst 
alluvral reqcn(.lr witlon. 

Geologic Setting and 3D Survey Objectives 
TI>%. prln<ip:il g,hie<tive section of the cc,rnl%~d sur- 

ray ~1.lni.s ircml cr,.;,tvr t h m  18,000 f w t  in thv sottth, as 
the target s c ~ t w n  Jcscenils Into the  foredeep, t o  the pan'nl- 
ly cmrrmmt :an~I cwtcroppinc thrust sheets in the n o t h  
which lt,rni thc t n n ~ i t i o n  into the Scrranin del Interior. 
This srqurnc<, of thrust shec.ts consists of Palropcnc and 
C r e t n ~ e o u r  rcscrvnir-prone formations that  ride on, or  
J r tach with, rhc prolific Crctaccous Querecual source. 
mck. Aftrr t h  niajonty of the rornpressionnl deformation 
in the Mint mc. thcse thrusts wcrc rapidly buried undrr the  
sealing . i y r ~ t r <  tonic Miocene C:iropita, Mia-Pliocene 
1.3 I'ica. and thv post-thrust, monoclinal Plio-Pleistoccn~ 
Qt~iriquirc F<mnatinns. This hurial r f fec t iv~ly  hides the  
irnmrma. u n r l d y n ~  dime-nsims of five major thrust shects, 
which i:m h n \ ~  rlisplacements of prcatcr than 5,000 feet 
and o mnhin<.bl structural relief of well over 20.000 feet. 
Tn the nor th  tht. Qu~riquire alluvial sequence hold7 thr  

3D Srirntic 7 k p t  Srirnntnry I:itw S r d d  l'ltnrsr S l r ~ r x  
The entirc Quir~quire-\~i~~ordl stacked tmlrrtcatc thrust 

front affords at lcnst f;rc major tarcct thniht rhrc~ts, cnnsist- 
ing of the filllowing sequencr, from south (dcep) tn north 
[shnllow): 

I Vihoml thrust sheet, lfi.500 ti1 25.000 feet. 
2. Second step thrust sheet, 12.000 to 15,000 f c ~ t  
3. Quiriquircdecp thrust shcct, li,000 to 11.lWlO fwt,  
4. 509 thrust sheet, frnm around 4.500 to 8,000 i r c~  

and covering a smaller arca 
% Northern thru>r s11rr.t. which nctually cnnsistc ul n 

series of' more diversely Jeformcd shrzts ;ind fciult 
blockc at arotrnrl 2,000 to (i.IKH1 feet. 

Each thrust shect contains hug+. fhld structures with 
1.500 t o  4,000 feet of vertical rclirl; 10 to 15 kilnmeters in 
length and some 3 to 6 kilometers in width. The llanks of 
rhcsr nn iau res  typically reach 45' a n ~ l r s  nn~l  meatzr.Thus, 
the 3D survey designs took into account not onlv the nrc- 
essary migration apertures, hut  also f,ictnrerl in what might 
be referred to avUintcrpretation aperture" in order to ensure 
sufficient latrrnl image of this low-angle thrust envin>nmrnt 
with the diagnostic forelimh, backlimh, fnotwnll, hanging 
wall, lateral ramp and tear fnolt featt~rcs. * 
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k a t P b . o f h r r p k n ( k a m d ~ w . i r  
B...donSD 
Smn hk-LcyYm-IX We& Mknal Thna S k  
(AchdT'Depth; 19,1651wr) 
DeepTkrrst Antidine 

The main work mmmitmmt OF the Quiriquire Block 
senrice contract for Legoven wm the bllllng of the deep 
exphtion well, SLL-IX on the principal deep thrust anti- 
dine ofvlbod, the next mcture tn the eastwPrd continu- 
ation of the prolific F d  to Boquaon tmd. As; one of 
the deepest wells in the trend, it mqubcd large amounts of 
pra-planing and MI multi-discipLine cmrdtnation, taking 
into account Lagwm's conridenblc experience We elected 
to &st shoot a sizable exploratory 3D seismic survey in 
1994 for a number of reosont Some of the pmminent kc- 
mnwat: 

the odgiad 2D seismic provided a very low-mlu- 
tlon image of the Viboral structure, and it was con- 
sidered likely that part of the pmblem could be 
dved  only with a 3D solution, 
a Wdl-to-3D-seismic cost ratio of greater than huq 

the apparent confirmation of moderate to good 
remob of equident age in dl nearby field4 [to the 
north, northwest, and west) was considered &- 
&Y -ngLzk 
the nced to optimally dect tho first well location in 
refation to the obsolutc aest W b l e  gas cap), 
the dedricn to stay away from the complications we 
might encounter with rhe numuolrp ssondprv faults 
and possible internal uunpartmentallzation of the 
Vibonl m~cturc, as oberved in nearby fi& 
the need to be able to quickly evaluate the results of 
the first well in the c~tan d t h e  mtLe prospect, 
the need io quiclrly select the o p t i d  -d well 
location b a d  on the results of the finn well. 

The mults of the Viboid explontion 3D survey were 
excellent [pammems to be give4 and dePrly showed the 

of closure A comparison between the orighl2D and the 
3D seismic illustrates remarlcable improvement. With a 
highquality 3D data set, it wns posdble to be selective in 
terms of t h e  and other location criteria. 

Not only k the crest and classic bult bend fold feature 
d d y  imaged, but the steep forebb, intcmal fiults and 
fold geomeay. lateral nmps, tear fiultr, footwall, and even 
the subtfvust segments are d exceptiody imaged, espc- 
d d y  conddering the depth and the resulting low h u e n -  
cy of the data. The qu& of the 3D data aka provided a 
way to continuously "viewew the drilling progrrm in the mu- 
blewme wedying La Pica and Carapita section, espeddy 
with the Pitical cQdng points ncor the top and bssc of wer- 
pressure (10,300 and 16,500 feet [MD] in the fir& well). 
D d e d  analysis and treatment of the 3D seismic velocities 
helped provide accurate depth pmgnexs, c e g  depths, 
and cmtingency plans. 

The second well, San Luis-Lagoven-ZX, is currently 
beingdrilled. Greedy aided by the 3D data. this second well 
wrs positbaed at a struaural level in context with the 
results of the fht w d  and on the bask of 3D hlmulative 
dilational rtrnin modeling, which will allow a contingency 
high-angle borebole to optimally intersect the predicted 
fracttw sets tor improved e W v e  permcpbUIty 

C d i p b X  Wd OvRSyirrg W i m b  of V i m 1  Thnut 
Skwt" (Actual T ' D s p k  16,077jbt Sylledrmic 
-p*cPlay 

The m n d  well wmmitment of the Quiriquire service 
c c m p ~ t  was the CachipoGX well, which targeted Kirmic 
anplitudes within the 3D volume in the syntectonic 
Mocene Campita section ova the badJimb of the Vibonl 
-&st anticline. The general nature of this play is consid- 
ertd to be a deeper analogue to the pmven play-types in 
-& trend, which can be described as stntigcaphic a-u- 
M o m  within small pieev-bnck sub-basins on the backlimbs 
of the undcdying thrust antidine. The prospect concept 
was that thae amplitudes were sand-pmne unit9 of several 

largedim&ons of a thmst anticline with nearly 4,000 feet thousand Tea whrcb were laid down an actasionel 
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slumr hlnrk nhovc Vihoral's hacklimb as the  unconsolidat- 
rd qnttvttmic sediments rotatecl and collapsed during the 

of the thntst onticline. The Cachipo wells, which 
wen, JrilleJ into the shallower Canpita lewl [luring the 
1!!5oS, provrJ that somt of these typcc of sands had been 
charged with light oil. The  results of the Cachipo-GX wel! 
showed a predominance of siltstone, with insufficient rescr- 
voir quality sandstone. 

'Impical- IS IV'll: "Srcod Step Tlrnrsr Slieer" (Pktt~led Totd 
Depth: 14,865feer [MD]] "Hd&~i' frnlnicnre Thncst Sheeu 

One of the  immediate results of the Quiriquire None 
3D, cvcn with its fast-track vcnion, wxs the  imaging of a 
hiddm imhricntr on the "Second StepThrust Sheet" which 
t h e  previous 2D scismic survey had not  succeeded in 
rrsolving. Even with the new 3D data in mind, it is difficult 
t o  pick out the position and geometry of this cxtm thnna 
imhricate nn the 2D seismic. T h r  2D seismic data show 
only a "smeared" image of thesc werlapping sheets and 
dnes not resolve thc top  of the  principal thrust sheet as it 
"d i sappc :~e  under the overlying imhricate. Thus, the 2D 
data show only a small structure with regional dip.The 3D 
data, howcver, clearly show that this structure continues 
unclvr the  upper imbricate, thereby gaining considerable 
structural relicf This difference in structural interpretation 
is cigntfirant hecnusr the  prospect increases from a fcw 
hundred k,ct to 1.500 feet of stn~cturcl closure with a fnur- 
folk1 incrrasc in 3rea. This prospect is scheduled to he  
drilled bg the Tropical-1X wcll this year. 

99-685. D d m ~ ~ c t i ~ ~ n  N'd: of the Qmitiqlttrr Deep Oil Rim wilh e 

Follu~v-ttp tlrwismrol \VrII (Plortr~d Told Dcplhs: 10,300 [MDI 
frrt +2001,-Jrrt>t Hor i~o~~ln l  Leg) 

The Quirquire Deep Field was discovered helow the 
stratigraphic Quiriquire Shallow Field in 1952 with a gas 
hlowout t l i :~ t  later proved to he part of a gas column of 
around 2~lr11l fcrr with an additional 500 to 700+ feet of oil 
rim under the pas With thc 31) control, the QQ-685 well 
will targct thn  oil r m ,  offsetting the prolific QQ-6ici well. 

,C Althou& thc oil c o l u ~ ~ ~ n  is relatively thick, thc eccp  flanks . 
of the anticline make the  100-foot-thick Oligocene Los , 

Jabillos reservoir a difficult target. After gaining the neces- 
sary structunl and stratigraphic contrnl from a vertical pilot : 
hole, a separate well will be drilled with a 2000-foot hori- 
zontal lee; through the 100-foot-thick Oligocmr resenvir, , 

to the olltwater contact. Once positive results are 
obtained from the QQ-685 well, further dc\dopment  wdls r 
and a pas cycling project will follow. - .  

- 

3D Platform and MUM-Discipline Team 
Aspects: Risk Assessment and Optimizath of 
Complex Projects 

~- 
O n r  of the principal henefits of this sizeahlc 3 D  seismic - 
volume is that it established a platform from which man,: '.:- . . 

other aspects and disciplines could continue to evolve in a - 
3D framework, including: 

3D structunl modeling and mapping. fracture/strain 
modeling, and a hasas for improved 21) mcxleling, 
3D stratigraphic Jatahase and eventual niodrlirtp; I'> 

provide a link to the resenmir simulations. 
3D boreholr planning, high-anele and horizontal 
drilling with real-time adjustments, 
3D reservoir simulation with fewer rc%trictions and 
easier model preparation for sector and Full field sim- 
ulations, which can then he  carried on into secondary 
recovery, gas cycling, and in-fill drilling. 

It is essential that there is continuous interaction of 311 

disciplines and individual team mcmhen for this 3D work 
process t o  properly function and maximize the profitability 
of there complcx geolopic trends. 

Teck~~ical Risks: Resenmir Qlcnliy a n d  tlydroccrrho~~ Pkrw 
k a u s e  of the extremely favonhlr. pcuoleuni vstem in 

the Enstern Venrzuela Basin and the l a r ~ e  size of the thru\t 
structures (1 ,SIX)-4,000 foot closures, perhaps filled to spill). 
the most serious trchnical risk is reservoir quality. The other 
Important prospect risk is t h r  hydrocarbon ph:lsr, which 
varies cons~derahly throughout the  trcnd from ~ a 3  3. 
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condensate, to volatile oil, medium-gravity undersaturated 
oil and heavy oil to even tar. Tar mats can occur not only 
due to biodegradation, but also owing to asphaltene drop- 
out at great depths. In many cases, of course, the hydrocar- 
bon phase and reservoir risks are intimately coupled 
because, for example, some low-qualty reservoirs produce 
due to the high mobllity ratio of that structure's unique 
hydrocarbon phase and hlgh reservoir pressures, whereas in 
other structures, better qu&ty reservoirs fad to effectively 
produce owing to somewhat heavier gravity crudes. Our 
evaluation and approach to the reservoir risk is considered 
to be one of the most challenging technical pmblems we 
face in the frontier areas of the Eastern Basin and as deeper 
and more subthrust plays are pursued throughout the basin. 
Solutions with respect to reservoir risks are likely to 
include: 

Finding technology that increasingly improves the 
seismic resolution in order to enable more accurate 
strahgraphic prediction. This includes understanding 
the regional stratigraphic framework, especially for 
predicting the depositional trends of quartz arenite 
systems which maintain highly efficient pore net- 
works even in the low-porosity ranges of 4 to 10% 
(most recently O'Leary et. al., 1997, Simposio 
B o l i v a h ,  Memorias Tomo I, p. 163-6). 
Understandmg reservoir characteristics via modeling 
of the depositional geometries, petrography, fluid 
inclusions, fractures, and the timing of cementation. 
This information can bring to hght ways of enhanc- 
ing reservoir pformance, including making use of 
natural fractures by successfully predxting fracture 
orientation, density, aperture, and effective perme- 
ablLty ranges. 
Implementing drilling and completion techniques 
that minimize the formation damage of low-pme- 
ability reservoirs and optimize artificial fracturing 
techniques, perhaps in combination with the natural 
fractures. 
Optimizhg techniques to reduce production lirmta- 
tions owing to such things as condensate banking, 
reservoir pressure and fluid viscosity limitations, and 
hydrocarbon phase complica~ons such as asphaltene 
flocculation. 

~ I u s i o n s  
The 550 km2 combined Quiriquire-Viboral 3D seismic vol- 
ume provides coverage over an entire buried thrust front 
and is one of the first in what we believe will be an industry 
trend to increasingly use 3D technology to optimize the 
exploration and development of complex geologic trends. 
Rather than yielding an image of a single structure, this 3D 
volume provides a unique, continuous view of the geometry 
and development of stacked and buried thrust fronts, from 

the deep thrust antdines encroaching the foredeep to the 
highly elevated and partially eroded emergent thrust sheets 
that form the outer ramparts of the Serrania del Interior. 
The huge 1,500 to 4,000-foot thrust structures form a 
stacked imbricate sequence of Paleogene and Cretaceous 
reservoir-prone section, underlain by world-class 
Cretaceous Querecual source rock and draped by excellent 
Miocene Carapita seal, all of which provide the economic 
incentive to undertake such extensive 3D efforts. Reservoir 
quality looms as the most serious threat to the successful 
outcome of projects in this trend. In tandem with reservoir 
quality, hydrocarbon phase can also be a limiting factor. 
Finding solutions and achieving success in regard to reser- 
voir quality is one of industry's greatest challenges as the 
proven reservoir systems are pursued into the less known 
areas. Optimum success will depend upon our industry's 
ability to deal with low-porosity and fracture-enhanced 
reservoir systems. Thus, it is even more critical that the 
other techmcal risks, such as structural definition, are effi- 
ciently assessed by using advanced concepts within a robust 
3D framework. 

The Quiriquire-Viboral 3D seismic volume acquired 
over this Eastern Venezuela buried thrust front allows con- 
tinuous 3D treatment and analysis of the projects, from 
structural and stratigraphic modeling to drijling and reser- 
voir simulation, Thus, the 3D platform is not only for struc- 
tural interpretation and visualization, but also 3D 
fracturdstrain analysis, stratigraphic modeling, borehole 
planning-including high-angle and horizontal drilling- 
on-the-fly adjustments while drilling, well and prospect 
evaluation, reservoir simulation, early and optimum reser- 
voir pressure maintenance programs, and finally, secondary 
sweep programs with in-fill drilling. The benefits include 
more accurate well planning and drilling programs that pm- 
vide one of the best ways to reduce individual well and 
total development costs, whde minimizing the chances of 
missing prductive fault compartments, especially in the 
case of "hidden" low-angle imbricates. This becomes even 
more critical when facing complex fluid phase changes and 
thm oil rims which demand precise imaging, targeting, 
drihg, and evaluation. 

The scope and economic implications of these complex 
projects require a realistic understanding of how all this 
must fit together into seamless project phases in which con- 
tinuous interaction of all dmxplines and the individual team 
members throughout the course of these projects is essen- 
tial. We trust that the results of the Quiriquire-Viboral pro- 
ject, with continued full implementation of this team 
process, will have important implications for the future 
exploration and production efforts in the Eastern Venezuela 
Basin, especially in its more frontier areas such as to the east 
in Guarapiche and in the progressively deeper and sub- 
thrust positions throughout the basin. 
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