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ABSTRACT

Fracture characterization meansfinding out the fracturetype, fracture strike,
fractures dip, fracture aperture, fractureoccurrence, fracture density and
any other information related to fractures. In oil and gasindustry, havingthis
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informationabout the fractures are essential, because of the importance
that they have in oil and gas reservoirs. Fractures provide the place for oil
and gas to stay and to provide the pathway for them to moveinto the well.
In other word, doing any operation in oil and gas reservoirsdepends
onfracture characterization, especially in natura lyfractured reservoirs. Image
log technology is the new technology that can provide us thisinformation,
but this technology is still unknownto many geologists, so we will explain
it completely using a case study and a number of valuable selected log
interpretation examples. © 2015 Trade Science Inc. - INDIA

INTRODUCTION

Gachsaran oil fiddisin the southwest of Iran (Fig-
ure 1) with an anticline structure, made of anhydrite/
salt, 80 km long, 300m-1500m thickness, 8-18 km
wide; it providesan excellent sedl for Asmari reservoir,
Pabdeh reservoir, Gurpi reservoir and the other reser-
voirslocated under it (Figure 2)™.

Inthiswork, 3wellslocated in Gachsaran ail field
will be sdlected, and thefracture characterization wil|
bedonein thesewellsby using theimagelogsand the
other geologicd logsinterpretation. Wewill dothefrac-
ture characterization in order to both having a better
understanding of structura geology inthisfiddanddso
explaining themethodol ogy by showingthesdectedlog

interpretation examplesfromthisfield.

By using theimagelog technol ogy, we can do the
fracture characterization very well; by interpreting the
imagelogs, wewill find out thefracturesstrike/dip, frac-
tures classification, fracturesoccurrence, fractures ap-
ertureand fracturesdensity!. Inthiswork wewill se-
lect 3wells, located inGachsaran field that arelogged
with 3 differentimagelogetools, FMS, OBMI and FM,
thenwewill explain the processcompl etely.

MATERIALSAND METHODS

For this job, we selected 3 wells, located in
Gachsaranfidd, which arelogged with 3 different types
of imagelogtools, so that we can cover amost al the
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Figurel: a) L ocation of theGachsaran ail field; b) UGC map
the of Gachsaran ail field and thestudied wells

aspectsof thefracture characterization job usingimage
logtechnology. Themain datafor thisjob aretheimage
log dataincl uding the Formation Micro Scanner (FMS)
forwel number GS-A, Formation Micro lmager (FM1)
for thewell number GS-B, and Oil-Base-Mud Imaging
(OBMI) and Ultrasonic Borehole Imager (UBI) for the
well number GS-C.

In geology, fracturesare thefeaturesthat havebeen
created in rocksand they havethedifferent dip from
therocks/ layers structural dip so they can berecog-
nized. Theway that they will be createdisdueto move-
mentsinorigina rocksand thesesmovementsaredueto
oneor moreforcesin place. Theseforcescan beorigi-
nated fromthefaults, folds, digpirisms, platemovements
and so on. Recognizing thefractureshasawaysbeen
animportant matter for geol ogists and many methods
have been created to do thistask, but theimageloge
technology isdifferent from the other techniqueswith
many benefitsthat in thisjob wewill provethese ad-
vantages. Onthe FM S, FMI, OBMI and UBI images,
fractures appear aslinear featuresthat generdly havea
dip moreinclined thanthe structural dip3%4.

OntheFMSand FMI images, open fracturesina
clay freeformation have aconductive appearance on
theimages dueto invasion of their aperture with the
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Figure2: Thelocation of Gachsaran oil field overlying the
Asmari, Pabdeh, Gurpi and theother reservairs, and strati-
graphic nomenclatureof rock unitsand agerelationshipsin
theZagrosbasin

conductivedrillingmud. Whiletheminerdized or sedled
fracturesappear resistiveif thefilling materia of their
aperturesisdenselikecacite or anhydrite. However,
thefractureshavingaclay or pyritefilling haveacon-
ductiveresponse. To differentiate between themudfilled
and clay/pyritefilled conductivefractures, knowledge
of thedepositiona and Stratigraphic setting of the study
areaisimperative. In some cases, open holelogscan
aso bevery helpful for such kind of differentiation.
Onthe OBMI and UBI images, open fracturesand
thefractureswith their aperturesfilled with resistive
materia, like caciteand anhydrite, havethe samere-
sstive appearance. Closed fracturescan bedifferenti-
ated fromthe open fracturesusing theamplitudeimage
of UBI that decreasein front of the open fracturesfilled
with oil-basemud, thus open fractures appear asdarker
linear featureson the UBI amplitudeimage. Whereas
thecalcite/ anhydritefilled fracturesdo not affect the
amplitudeimagebecausetherock matrix and thefrac-
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turefilling material have moreor lessthe sameampli-
tude range. However, in some cases such filled frac-
tures can be seen on theamplitudeimageswhen there
issome amplitude contrast between the rock matrix
and thefracturefilling materid®™ (Figures3 & 4).
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Figure3: a) OBMI - open fractureappear sresistivedueto
invasion of oil-base-mud alongitsplane; b) UBI - samefrac-
turehaslow amplitudeon UBI amplitudeimage, indicatingits
open nature

¥ &
kel

=
&
« ‘, .

r s | '1 &
w TvE A
E 4 i  : ] 1 ‘ f
L o -\ . . : 4

A b

W =grd gy L

Figure4: a) OBMI —closed fractureshown asresistivedue
toanhydritefilling of itsaperture; b) UBI —thesameclosed
fracturehasalighter shadetraceon theUBI amplitudeim-
ageduetohigher amplitudecaused by denser filling material

Theclay / shalefilled fractures have conductive
appearance onthe OBMI imagesdueto noinvasion of
oil-base mud along the planes. Onthe UBI amplitude
image, such clay filled fractureswill havelower ampli-
tude but not aslow asmud-filled fractures.

RESULTSAND DISCUSSION

Fracturecharacterization in thewdl number gs-a
Fracture analysiswasthe main objectiveof FMS

ESAIJ, 11(1) 2015

survey inthestudy well. To get the maximum knowl-
edgeon fractures, theimageswereinterpreted in con-
junctionwith openholelogs. Discusson onvariousfrac-
tureattributesisgiveninthefollowing:

(a) Fractureclassification

TheFM Simagesreved ed anumber of fracturesin
most zones of the Asmari formation. Altogether 759
open fractureswereidentified. Closed fractures ap-
peared to be absent in the Asmari formation at the
present location of thewell.

Theopenfractureshaveavariationinther gppear-
ance and trace continuity acrossthewe lbore (Figures
5& 6). Thereforebased onthelr latera continuity within
thewellbore, the open fracturesareclassified intotwo
categories; partidly closed open fracturesand continu-
ousopenfractures. Thereare 742 partialy-closed open
fractures, which apparently do not have complete con-
tinuity of their traces acrossthewellbore (Figure 6).
Theopenfractures (continuous), whichare 17 in num-
ber, appear to have better continuity of their traces
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Figure6: Partially closed open fractureand beddingin Asmari
formation

acrossthewelbore (Figure6).
(B) fracturedip/ strike

Thedip and strike properties of partially-closed
open fractures and continuous open fracturesare al -
most thesame. Their dominant dipinclinationis65 de-
grees but it varies from 45 to 75 degrees. They dip
dominantly to West with 30 degrees spread on both
sidesand have adominant strikeof N-S.

Based on thedominant N-S strike of both sets of
open fractures and N63W-S63E bedding strike, it
seemsthat most open fracturesare obliquetothe struc-
tura / fold axisof theGachsaranfied dintheareaaround
thestudy well (Figure7).

(c) Fracturedensity

Density of open fractureswas computed to repre-
sent number of fractures per meter. Density of open
fracturesis higher in some zones. Based on fracture
dengity curve, thereareanumber of high fractureden-

C= Continuous, PCL= Partially closed
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(a) Schmidt stereonet plot (upper hemisphere) of all open fractures

Figure7: Satistical plotsfor thedipsof all open fractures
identified intheAsmari formation
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Figure8: Header detailsfor Figure9

Sity zones: 2695-2692m, 2668-2666m, 2650-2638m,
2604-2601m, 2572-2569m, 2499-2496m, 2494-
2492m, 2490.5-2488m, 2486-2482m, 2422.5-
2420m, 2398.5-2396, 2394-2391m and 2385-2380m
(Figures8&9).

Fracturecharacterization in thewell number gs-b

Fractureanaysisisoneof themost important ob-
jectivesof FMI survey. Theimageswereinterpretedin
conjunction with openholelogs so that acertain corre-
lation could be established between fracture occur-
rencesobserved inthe FM I imagesand logsresponse,
sonic, nuclear (LDT-CNL) and resistivity logsrunin
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Figure8for header details

Figure9: Summary plots of fracture analysisresults; see
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Figure 10 : Exampleof closed fracturesin Gur pi for mation

seenby theFM

the study well. Discussion on variousfractureattributes

isgiveninthefollowing:
(a) fractureclassification

Snoivonmental Science (==

A udian Jounal

ESAIJ, 11(1) 2015

TheFMI imagesrevea ed asmall number of frac-
turesin certain zones of the Gurpi, Pabdeh and Asmari
formations. Altogether 112 fractureswereinterpreted.
Not al fractures have the same appearance as some of
them haveresistive appearance and some have con-
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Figure13: Exampleof partially open fracturein Gurpi For-
mation seen by the FM |

ductive appearance. Thereare 92 fracturesthetraces
of which appear either resistive or tight on theimages
(Figure 10). All suchfracturesareclassified asclosed
fractures.

All thefracturesthat have continuous or discon-
tinuous conductivetraces aretermed asopen fractures.
Their conductive natureisdueto mudinvasionintothe
open sectionsof their planes. Open fracturesarefur-
ther classified into more classes based ontheir gppear-
anceand continuity withinthewe lbore(Figures 11, 12&
13).

The characteristics of open and closed fractures
andtheir sub-categoriesaregiveninthefollowingtable.

(B) fracturedip/ strike

The closed fracturesform two clear setsasfar as
orientation (Figure 14). The open fractures have two
dominant dip azimuths (Figure 15).

Dip attributes of both closed and open fractures
aregiveninthefollowingtable

(C) fractureoccurrence

Open fractures are observed in two zones, which

Mostafa Alizadeh et al.
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Main
Fracture
Type

Fracture
Classes

Image
Appearance

Seen by

of
Images

Number

Fractures

Symbol

Explanation

Filled / Tight
Cantinuous

78

Resistive 2
images

Fractures traces are
continuous and not
stopping on the bed /
layer boundaries. Their
aperture is either very
tight or filled with some
dense material.

A

Closed
Fractures

Filled / Tight
Discontinuous

Resistve | ossthan | g,
Bimages

All Closed

Resistive - 92
Fractures

Fractures traces are
discontinuous and may
or may not stopping on

the bed/ layer
boundaries. Their
aperture is either very
tight or filled with some
dense material.

Major Conductive 7-8

] Fracture trace with

relatively thick apparent
aperture and present
across the wellbore

Medium Conductive 78 1

. relatively medium

Fracture trace with

apparent aperture and
present across the
wellbore

Minor Conductive 7-8

Open

A relatively thin apparent

Fracture trace with

aperture and present
across the wellbore

Fractures Patchy

Vuggy Conductive

Fractures with patches of
+ varying size open
aperture at places

Patchy

Partially Closed (i

Similar to the vuggy
fractures, butthe
tight/closed sections of
the fractures trace are
generally clear

Possible open Conductive =<4

<4 Presentin two alternate

pads, look similar to the
drilling induced fractures

All Open

E Conductive 48 20
ractures
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Figurel4: Satigtical plotsof dipsof all open fractures, found
inupper part of Gur pi formation, Pabdeh and Asmari for ma-
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of Pabdeh and Asmari formations (Figures16 & 17&  Fracturecharacterization in thewell number gs-c

TABLE3). Fractureanadysisisoneof themost important ob-
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TABLE 4: Fracturesdensity

Formation /
Zone

Main Fracture
Type

High Fracture Density

Intervals (m) Dominant Lithology

Pabdeh,

All Closed Fractures | 2378-2396, 2543-2548, 2574-2578 Limestone

Gurpi

All Open Fractures 2570-2572 Gurpi Limestone
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Figure18: Compositeplot of orthogonal calipers(C1and
C2),deviation, CGR, OBM | gtatic normalized images, OBM |
Rxocurves, UBI satic normalized amplitudeimage, open frac-
turedensty curve, cumulativefracturedensty curve, RHOB
and NPHI and PEF curves, and OBM I LQC image

jectivesof oil-base-mud imaginginthestudy well. Both
electrical (OBMI) and acoustic (UBI) amplitudeim-
ageswere analyzed to identify fractures (Figure 18).
Discussiononvariousfractureattributesisgiveninthe
following:

(a) fractureclassification

OBMI and UBI amplitude images were used to
identify open and closed fracturesbecause UBI mainly
sees open fractureswhilethe same open fractures ap-
pear resistiveonthe OBMI images. Fracturingisob-
servedin certainintervalsinthiswell, particularly in
2650-2658m, 2660-2670m, 2675-2682m, 2694-
2700m, 2728-2740m, 2770-2800m, and 2808-
2840m.
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Large majority of fractures have low amplitude
tracesonthe UBI amplitudeimagesand resistive ap-
pearance onthe OBMI images; henceclassified asopen
fractures. Thesefracturesarefurther classifiedinto con-
tinuous-open and discontinuous-open based onthel at-
erd continuity of their low-amplitudetracesontheacous-
ticamplitudeimagesof UBI (Figures19to 24).

Thecharacteristicsof open fracturesand their sub-
categoriesaregivenin TABLEDS.

(b) Fractures’ dip & strike

Both continuous and di scontinuous open fractures
makemain clustersinthewesternregion of the Schmidt
stereonet, particularly around N265E and N295E, but
with quite broad azimuthal ranges. In addition to that
some smaller clusters can be seen in the northwest,
southwest and southeast region. Most of fracturesare
plotted within 65 and 80 degreesinclination circlesof
the stereonet. On the dip azimuth rosette, discontinu-
ousopen fractures show adominant dip azimuth around
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Figure20: Continuous (bluecircular dips) and discontinu-
ous(bluetriangledips) open fractur esshown by UBI images
in the lower part of Asmari formation. Header detailsare
giveninFigure19
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Figure21: Continuous(bluecircular dips) and discontinu-
ous(bluetriangledips) and possible (blueminussign symbol
dips) open fracturesshown by UBI imagesin thelower part of
Asmari formation. Header details are given in Figure 19
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Figure22: Continuous(bluecircular dips) and discontinu-
ous(bluetriangledips) and possible (blueminus-sign symbol
dips) open fracturesshown by UBI imagesin thelower part of
Asmari. Header detailsaregivenin Figure19
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Figure23: Continuous (bluecircular dips) and discontinu-
ous(bluetriangledips) open fractur esshown by UBI images
inthelower part of Asmari. Header detailsaregivenin Fig-
urel9
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Figure24: Continuous(bluecircular dips) and discontinu-
ous(bluetriangledips) open fractur esshown by UBI images
inthelower part of Asmari. Header detailsaregivenin Fig-
urel9

TABLES5: Fractureclassification

Main Fraciure DEMI Image LI Kumber of | Symbaol Explanation
Fracture Classas Appaatance | Amplinde | Fractures
Type Low | high
‘ Visible on 4 pads
Continuous - of DBMI and most
Open Resistive Lowr 1z partaf the UBI
arnplitide image
l Visible on 1-3
pads af OBMI and
Discontinaous Resictive Low 15 hars patehy
Opan agpearangs an
LBl amplivude
Open Dbl
Wisible on 1-3
ez W s of OBMI
Passible Open Resistivie Lerw o with patchy
appearane on
UEI amalitude
Image
Al pgen Iraciures
nchuda
All Open Resistive Lo 176 continuous  and
discantinucus
fracures anky
N58W (Figure 25).

Therearetwo other setsaswell which dip domi-
nantly to theN72wW and N62W. On the strike azimuth
rosette, therefore, they makethreeclear strike direc-
tions, N32E-S32W, N18E-S18W and N28E-S28W
withoverall spread of 25 degrees. Their dipinclination
also makes awide spread but most of them havedip
inclination between 65 and 80 degreeswith 75 degrees
being thedominant value (Figure 25).

Continuous open fractures show adominant dip
azimuth of N70W with 30 degrees spread on thedip
azimuth rosette and astrike of N20E-S20W with the
sameamount of spread. Thelr dipinclination aso makes
awide spread but most of them havedipinclination
between 72and 76 degreeswith 73 degrees being the
dominant value (Figure 25).

Although not very accurate, possibleopen fractures
dip dominantly to S83W at 48 to 80 degreesinclina-
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tionand strike N3W-S3E with alargescatter (Figure  as13 fracturesper meter. Ontheaverage, thetwo frac-
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Figure25: Satistical plotsof dip attributesof all open frac-
tures, continuousopen fracturesand discontinuousopen frac-

turesand possibleopen fractures

TABLE 6: Dip attributesof fractures

Main Ave{age/ 5 Average / Strike Dom!nant Inclination
Fracture dominant | Azimuth & = Dip
Fracture . dominant | Azimuth T Range
o Classes Dip Spread Strike St Inclination el
Azimuth (deg.) :
C"'g:}":ﬂ" H N7OW 0 N20E-S20W 0 7 60-80
N58WV, N32E-$32W,
Open D‘“g"“””"”s N62W, 2 N2BE-S20W 2 75 50-88
Fractures el N72W N18E-S18W
Possible open S83W 25 N7W-S7E 40 65,71 48-86
N58W, N32E-S32W,
All Open N72W 25 N1SE-S18W 25 75 50-88

tured zoneshave 5-7 open fractures per meter (Figure

26).

UBI Amplitude Image (Static)
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Based on both continuous and discontinuousopen
fractures, two dominant dip azimuths, N5S8W and
N72W, can be marked. The average dip azimuth of
these two dominant sets of open fracturesis N65W
with theaverage strike of N25E-S25W. So theseval -
ues can be taken to indicate the main trend of open
fracturesinthe study well.

(c) Fracturedensity / occurrence

Fracturesarefound at anumber of placesthrough-
out theAsmari formation. Inrelationto lithology, most
fractured zonesexist in densetolow porosity limestone.
Thedolomiticand higher porosity limestonezonestend
to haveleast development of fractures. Therearetwo
main zones at 2650-2700m and 2770-2840m, where
most fracturesexist. A number of short fractured sec-
tionsexist within thesetwo zones, whichinclude 2650-
2658m, 2660-2670m, 2675-2682m, 2694-2700m,
2728-2740m, 2770-2801m, and 2808-2840m. In
someof these sections, fracturedensity reachesashigh

Figure26 : Summary of fractureanalysisresultsin GS-C;
Open fracturesarepresent in most interval (Two zones 2650-
2700m and 2770-2840m)

Fracturecharacterization for all thestudied wells

After doing thefracture characterizationof al the
studied wells, asan example, wewill show thenatura
fracturesstrikemap of Asmari reservoir in Gachsaran
fieldfor al thestudied wellsin onepicturein order to
show theresultsin abetter way and discusthem easier
(Figure27).

Figure27 : Natural fractures(conductive, resistive) strike
map in Asmari for mation ofGachsaran field
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CONCLUSION

Thisjob showed that how effectiveisimagelog
technol ogy to do thefracture characterization. Thisjob
was acase study that we did in Gachsaran field; we
selected 3wellsthat werelogged by 3 different image
logtools(FMS, UBI/OBMI and FMI), and we stud-
ied them. We hopethat we could prepareagood edu-
cationa paper in order to show theway that wecan do
thefracture characterization using image log technol -
ogy by showing anumber of proper logeinterpreta-
tionsinthiscasestudy.
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