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Introduction

Fractured basement rockBave become amcreasingly common targdor hydrocarbon productionn
the Republic of Yemen. The aim of this study is to determirsernant characteristics with regard to
predicting reservoir potential within the Bayoot Field of Block 53, Yemen (Figure 1).

Geological context

The Bayoot Field is located on the northemarginof the{ | € Qdzy" a | dHe tbdsins.aNV&IEY
trending graben formed durind.ate Jurassic to Early Cretaceoifisng related to Gondwanabreakup
(Menzieset al,, 1992 Harriset al.,, 2003. A further phase of rifting with associated transtensional and
transpressional structuregccurred during the Oligocene and Mioceag a result obpeningof the Red
Sea and Gulf of Addgihlbrandt, 2002 Sakret al., 2005. Structures formed during these phasesre
principally controlled by rejuvenatioaof the Late ProterozoidNajd shearfault system(Beydounet al.,
199). The resulting structual frameworkcomprises arrayof parallel and kinked eachelon faultghat
further compartmentalise the graben into sdidasins. Complex secondary structures including strike
slip, obliqueslip, thrust and normal faults, folds and dyke swaramse associated with some of the major
faults, particularly near their termination$icMahonMoore, 197%ndBott et al., 1992).

Five wells were drilled into a basement higihmed the RudoodRidge, which is located in the fooh
of a locally significant S\Wpping transtensional fault (Figure 1). In the study area crystalline basement
is thought to be of Archaean age, but its composition is poorly constraineldas|probablyendured
subgantial periods of sukaerial exposure which has causeaveathering of its upper reachesiIn
addition, the various phases of deformation have led to pervasive fracturing together witieleted
intrusions. Hydrocarbon emplacement is through fault jagbsition of the fractured basement against
Late Jurassic organic rishale source rocks of the Madbi formation.

Database

GComprehensive petrophysical log suites, production log data, mud logs, cuttings, junk basket and

sidewall corebasementsamples, & seismicand 3430 m of borehole imagevere made available for
interpretation (Table 1) Interpretation ofsomedatasets is ofgoing.

Table 1. Well data summary. Petrophysical logs andX3seismic data were available for all wells. Note
that the study wells are variably deviated:Mark of Baker Atlas, *mark of Schlumberger.

Wellbore deviation (from

Borehole image log type Production log data Petrography

vertical)

Bayoot SWL Subvertical STAR Not acquired Whole rock Jl.mk basket ang
cuttings

Bayoot SW2 20°/021° FMI/UBF Interpreted Cuttings

Bayoot SW3 52°/349° STAR/CBIL Interpreted Not acquired

Bayoot SWA 51°/020° STAR/CBIL Acquired(work in progress) Not acquired

Bayoot SW6 51°/030° STAR/CBIL Not yet acquired Side waltores(workin
progress)




Figure 1. Location and top basement depth structure maps showing the study wells.
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Methodology

Borehole mage logs permittedsevendifferent fracture typesto be identifiedand oriented Where
acoustic transit time images were available, possible open fractures were classified and their apparent
alonghole widths were visually ranked into fine, medium and widd-ractures were displayednd
analysedstereographically and corrections fdiorehole bias were appliedafter Terzaghi,1965.
Fracture intensity statistics,per metre werecalculated.

A structural image facies scheme was developed to aid in constraining fracture style and intensity,
potentially vuggy and brecciated intervads)d zones of degraded borehole image quality. Its purpose is
to highlight sections where fractures are undersampled (i.e. where borehole image quality is poor or
where fracturing is too intense to accurately trace and orient features with confidence).

Present dayn-situ stress feature®riented fromthe imagescomprisedrilling induced tension fractures

and borehole breakout With the exception of the subertical Bayoot SW well, the study wells are
stronglydeviated This has implications falirect inference of principal horizontal stress axes from the
borehole indicatorsd.f. Mastin1988). Further geomechanical modellinghich isoutside of thecurrent

study scopewould be required to interpret these features with confidence. Nonetheléss most
confident stress indicators display reasonatiyisistentaxes. Sulsets of part open fractures dipping in
excess of 50° and striking £ 030° to the derived principal horizontal axis were filtered from the fracture
database. These features cddibe critically stressed and thusore likely to contribue to fluid flow if
plumbed into the flowingracture network (c.f. Rogers,2003. Critically stressed fracturecourrence

was compared against production log data to establish whether any cdometagéxisted.

Petrographical descriptignpoint countingand Xray diffraction (XRD)of cuttings, junk basket rock
samples and sidewall cores were undertaken and rock types were determifvdd-fold rock typing
scheme was developagsingthe petrophysical logs angetrography result@and was applied across the
five wells Relaibnships between rock typdracturing styleand structural image facies classification
were explored.

Interpretation summary

Overall, fracture intensity was fodnto be very high (in excess of 20 fractures per metre) althoagh
zonesof low fracture intensityoccur locally. factures were found to be extremely scattered in terms of
inclination azimuth and strike no clear fracture sets were evident and any apparent preferred
orientations can beexplained by borehole bias effectswWhilst sevendifferent fracture types were
identified from the images, it was not possible to further categorise the features as primase ph
cooling fractures secondary tectonic fractures or exhumation (unloading) fractures. A similar
conclusion was reached by Genter al. (2000)in their study of Rhine Graben granitesore was
required for full fracture typology.

Present dayin-situ stress indicators were found tsupporta NESW principal horizontal stress gxis
orthogonal to the local faultstrike and Rudood Ridgexis (Figure 1) Whilst direct inference of
horizontal stresses from the deviated wellbores is deemed low confidence, the results are in agreement
with published studiesc(f. A-Kotbahand AtUbaidi 2001 and Saket al. 2005. An exception is well
Bayoot SWL where the inferred principal axis is orientetlW-SE parallel to the local bounding fault

Due to the complex structural framewonigtations inlocalstress field are likely.

Part open fractureghat are inferred to be critically stressed together with sections of vuggy image
facieswere found to correlate wittzones of formation fluid inflow as interpreted from the production






