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SUMMARY

Resistivity and acoustic scanner image logs, in both the CS@oahohining industries, are the gezredmeans of determining
azimuths ofoints and cleain coal. This paper indicatéise need for care whenterpreting cleat azimuths from imalpgs

Imagelogs of the bore walbften exhibit large fracturesjgints) that intersect the entirety of the bore wallheyarevisible as
sinusoidal traces hose fractures that have low heigtle@), andintersecthe bore walln one ortwo placesare repreented by
vertical to subvertical linear traces on an image lobheseineationscan be represented on a ster@opolar negs a point with
a plunge and trendBoth joints and cleat generally haligh dips(greater than 7%.

Resistivity image logs detect both joints and clestoustic image logs often onhgcord joints The value obbtainingcleat
joint and horizontal stress azimuthisin planning the optimal orientation déviatedn-seam (lateralproduction wells.

An image logof a cleat lineation records th®re wall intersection azimuitBIAZ), that is amapparent azimuthas well as the
apparent dip (or plunge) of the lineatiofhe bestway to determine true azimudf cleatfrom lineations on an image logs
from a statistical weighted mean of numer8l8Z measurementsin somenstancescleat azimuth has beealculated as 90
to BIAZ. Some interpreters viethe dispersiorof azimutts as a natural feature, when the dispersi@n iartefactarising from
the intersection of cleat ¢fie samezimuth at varying distances from the centifea bore wall.

Petal fractures (PF) in coal, when combined with breakout information, can also be used to detegroimed truttjoint/cleat
azimuths oboth lage and small scale fractureBeddingplane observations of core also provides cleat/fracture informatio
not obtainable from an image log
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INTRODUCTION

TheCoalSeam Gas (CSG)dustry routinely uses image logs to determine the azimuths of joints and cleats in coallSg=aridge
(2014 developed an alternative method of detaing cleat azimuths using the presence of coring indteresilefractures (CTF),
mainly petal fracturesand breakout on an image lom thoseCSGwells, where there is no corecoveredsimilar fracturesn the
bore wallare referred to as drilling induceehsilefractures(DITF). The CITF methochasprovided an opportunity to compare cleat
azimuthresultsfrom CITF and image logs.nlseveral wells examined in 20@8wasfoundthatcleat azimuth resultdetermined by
the CITF methoddiffered from image log interpretations hyservice providety 90°. Recent observations of similar differences
(confidential company repor2014)has prompted a review of the geometric principles of image log interpreddiitertlineations

BACKGROUND

The aim ofCSGexploration is to obtain informatichat will allow planning of£SGproduction wells, as well a&ssess lateral variation

in production SuccessfuCSG production is substantially dependant gas content, gas saturation and permeability. This paper
focusses on attributes affectiimgtial permeability(cf. the changes in permeability that occur during productic@®Eor mine gas
drainage) Initial permeability is inversely related to thegnitude of thenormal stress component of the principal horizontal stresses
acting on cleatTitheridge,2014). It is assumedhitial permeability carprovide a general indication &fture production.

The primary @éterminants of permeability athe interconnectivityand spacingf joints and cleatand theeffective normal stress
magnitudeacting on cleafTable 1) The lattedetermines cleat apertur&he normal stress magnitude acting on coal depends on the
angle betweerthe major horizontal stress azimuthi(Snd cleat and joint azimuths. This angiey range fromoblique to
perpendicular Hence &nowledge of the azinibs of cleat and joints in coal, as well assitu stres@zimuthsis fundamental to CSG
production For a review of the influence of stresamuth and magnituden coal permeability the reader is referredtsl, 2006
(andpaperreviews thereij) Gray and See, 200Titheridge 2014andMukherjee et al., 2017

I'n this paper t iplanatMedehextension jointsat intergedt thentretyofohe borewall. A jointis represented
by a sinusoidal trace omamage log. The ternyiclead refers tasmaller scale featusethat intersect oner bothsidesof the borewall
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thatare represented by lineatioms an image logFigures 1 and)2 These are efinitionsof simplicity andconvenience for this paper

(cf Laubach et al., 199®awson and Esterle, 20ldmage logaised to determineint/cleatand breakouazimuthsare of three types

T resistivity, acoustic and optical. With regard to vertical drill hpézchtype has advantages (detail of structures) and disadvantages
(cost, limitations in application). Optical image logs pdemvhe best definition of structural and sedimentary features and are relatively
cheap. However they require clean water (no turbidity), and cannot be used where there is an issue with bore walltstgiairey.

well suited to shallow wells and thple in underground minesLogs used foCSGare mostlyresigivity. They are expensive but
provide good definition, particularly of the smaller scale cléafys used in coal mine exploration are mainly acoustic

Table 1. Factors affecting initial* permeability of coal

Major factors 3. Angle between #S andface cleat

1. Cleat/jointinterconnectivity S ™ FC 90 SI*"FC) m SN FC
Height <l ength - spacing high o intermediate o low
Number of cleat generations (determinesmagnitude ofnormal stress acting on cléat

(i). Primary face cleat only (compression)
(if). Face and butt cleat (compremsiand extensiofuplift)
(iii). Multiple cleat azimuthgyenerallyassociated with folding

Other factors

3. Mineralisation of cleat

2. Fault st.rgs_s regtl_rrui]?]‘m:g?ltudes " tical cleat 4. High CO24 and content; coal mining and CMM)
reverse:S is vertical high stress acting on vertical cleal - causes swelling

normal, strike slip: S, horizontal- low stress acting on cleat

*before matrix shrinkage associated with production/desorption

AZIMUTHS OF JOIRTANES AND CLEAT LINEATIONS FROM IMAGE LOGS AND CORE

Joint plane azimuthsfrom measuremens of the properties of asinusoidal trace

Joints with a dip of less than 90° intersect the entirety of a boréfwtadly are of sufficient heightThey are represented by a sinusoidal
trace on an image log. The azimuth of the minima of the sinusoidal trace is the directionTdfigligan be represented by a lineation
on a stereonet or polar net (with a plunge and trefildg strike of the jait is orthogonal talip azimuth (Figure 1). Determination of
joint azimuths comprisdadividual measuremestf singlefractures Most fracturesrecorded in image logs from vertical Ithholes
have a dipf 80-90 degreesFor the purposes of discernible separation of very similar apparent dips on aat@@lar net, and for
explanation of principlesiithis and subsequent sectipBsSN strikes with a dip of 70 degreage usedor both planes and lineatians
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Figure 1. Representabns of a planar joint. a) diagranmatic sectiorof borewall cylindemith joint dipping to South b)
schematic o§inusoidal trace of dipping plane amolled-out cylinder wall. The strike is 090/270 The dip direction is 180Note
themaximum andrue dip (70) is coincident withthe mid-point of half the height of the blue sinusoiét this depth(0 metreg, the
inclinedplane passes througie ceitre of the bore wallc) Image log ofin interpretegbint (top) in coal The smaller scalde&ats
(at the base of thienagg have similar dipsit the ame BIAZ as the overlying joinindicating thesmaller scale cledtave a similar
azimuth to thdarger scale joint

CLEAT AZIMUTH FROM STATISTICAL INTERPRETATION OF LINEATIONS FROM THE MEAN OF
BOREHOLE INTERSECTION AZIMUTHS (BIAZ): METHOD 1

Smaller scale cleat may interséioé bore wall on one or two sides of the bore wAHB these featurelsave limited heightheydo not
intersect the bore wall in the dip or downdip part of the holendappear aglanarlineatiors on an image log (Figusel.c, 2b,0).

In most situationscleaton an image logecordsan apparent azimufBIAZ) with anapparent dipr plunge The true azimuth is
associated with the largest number of cléats designated azimuth class (generally 10 deghetesyecting the bore walFigure 3.
This class iflsoassociated witlthe highest apparent dips. The onlgtance whre the BIAZ is the true strike where the cleat (or
its extrapolation) passésrough the centre of the bemele; this BIAZ is also coincident with the true (maximum) dip (F&g3.

As most of the BIAZ of cleat are apparent azimuths, tvemor several individual BIAZ are insufficient to determine cleat azimuth.
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As an approximate rule of thurdi least 20 BIAZ within a 50 degree range are required to deteth@rmaearcleatazimuth In most
casescleat BIAZ are conveniently presentad a rose diagram or a histogréfigure 4). Aweighted mean of the numbers of the
BIAZ in the vicinity of a maximavill provide a close measure of the true azimuth.
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Figure 2. Fractures (cleat)that do not intersect entirety ofthe bore wall andtheir appearance on a scanner imagea)
Diagram of two cleats, one entéh&bore wall on one side, the other passes through the entirdtglwbrewall. Both have limited
height and as eesult do not intersect the bore wall in thedip or downdip part of the hole. )bTwo (paired) cleatssame depth
with opposite dip. Strike §{BIAZ1 + BIAZ2)/2) + 90. In addition to direct calculatigthese lineations cédve counted im
statisticd population. c) Upaired single cleatthatcan only be analysed as part of a statistical population.

s,
&
900'
£3/045/135
‘{%\
67/060/150 “%,

69/075/165 %

?;\j/’/_,,,—/"" AD/BIAZ/STS
.-~ -2-~centre of hole
%,

TD =70/090/180° '

Percentage of cleat with &V azimuth

Uniform EW cleat density
intersecting 15 degree classes

b)

Figure 3. Rose diagram of 15 degree increments that results from a plot dfe bore wall intersection azimuths (BIAZ) of one
uniformly oriented E-W cleat setthat dips 70 South a) Notetherelative percentage within each I8assinterval (3-26%). If the
data waplotted at intervals of one degree, the highest number of cleat azimuths intersecting thallbeoeild occur at 090. This
azimuth would also exhibit the cleat withe true (highest ggarenj dip. b) The EW trending green cleat (highlighted in ligigllow)
has arapparent digAD/plungé of 63 degrees, it intersects the bore wall at B1BZ), and thestrike ofthe sectiontangential to the
borewall (STStrend, is 045+90-135. TheSTSor trendof the cleatineation that passekrough the centre of the hak0/180
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Hgure 4. Method 1: Cleat azimuthsbasedon number of BIAZ in 10° classed o r D H a) fiPAlar plot of BIAZ and apparent

dips (10 degree classesHighest apparent dig®r lowest tilt anglepre closest tthe graptperimeter b) Rose diagramm{umber of

Bl AZ) in diametrically inglmeedbéenddedot dveragjedg) Histegramwithatise same maximas ina o

i b &leat azimuttmaxima 095 145n=129. DH A A0 i s described in more detail bel ow

TRANSFER OF IMAGE LOG BIAZ DATATO A STEREONET TO DETERMINE STRIKE

Bore walls are circular sections andréfere thestrike of the section on a bore waltangential to the borsall at the point where a
cleat intersects the boveall. Where for examplethe BIAZ of a cleat is 045, the strike of the (tangential) section (8T&nd is
(045+90=)135. The plane cotaining two or more apparent dips arstereenet defines the true dip and strik€o obtain strike and
true dip from image log data, it is necessary to rotate the line containiBytfeand apparent dip by 90 degrees so that the 6TS
trendof lineation is correctly represented on theereenet (Figures 5 and 6) If this is done for two or more lineations intersecting
the borewall, at different distances from the centre of the bore, and with the sametbiilkegations will define ayreat circle orthe
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stereenet. The processllustrated inFigure 5 demonstratethat a wide range of BIAZ can be a result of many cleéts the same
azimuthintersecting the bore wall at different distances from the bore wall centre.

d)

a)  BIAZ/AD/sTS b)
015/35/105
045/63/135

090/70/180

135/63/045
165/35/075

(1)
Figure 5. Rotations of apparent dip (AD) and strike of lineation to determine true dip 75 and strike of a plane (090/270).
a)5 cleats with BW strike anddip of 70°S, and variously labelled 1 to 5. Cleat 1 passes througtetitee of the core with azimuth
of 090. The other cleats also haveaaimuth of 090 but the BIAZhangesawayfrom the centre of the core. b) the plung€lefat 1
(70°) can be plotted on the oriented on thevEliametralplane. To plot the plunge of Cleat 2, the line is rotated to thedtametral
plane,the plunge plotted, and line restored to 045. The same process is appliledgtd3, 4 and 5. c) Cledt (BIAZ 090) is then
rotated to the ST8rend)of 180(90+90); see Figure3ab wherethe STS(is 0/180. Similar is done fo€leats2, 3, 4, and 5.d) The
stereenet is then rotated so that all the apgt dips fit a great circle dhe stereemet. The five apparent dips (plungesf)cleats 1
to 5, define the planéhat strikes BV and dips 785. Any two apparent dips will define true dip and strike.

ALTERNATIVE METHOD OF DETERMINING THE AZIMUTH OF CLEAT LINEATIONS: METHOD 2.

Some unpublisheihterpreted image log diagrartigat have been geneedtby software androvided to the CBMindustry,indicate a
different method has been used to determine the azirofittisatrepresented biineationson an image log The method is not
describedn the reporting of interpretatidout it has beempossible to deduce the underlying rationale and prdoassthe fortuitous
inclusion of a polar plot with a single joint and a single dfdatcribed subsequent section).

Figure 6showsa hypotheticaldipping planeon an image lod70°S/090) and the determination of cleat azimuth Mathods 1 an@.
The resultfrom both methodéiave an eact differenceof 90°. The determination of cleat azimuth via Methods Zimilar tothe
determination of the strike afplane, whereby the azimuth aplaneis orthogonal tahedirection of dip (lineation trend)
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Figure 6. Comparison of Method 1 and Method2a ) fi | ma -gVgoint (mng sinuddid), dip 70°SCleats (red, green,
brown), with BIAZ of 090, 060, and 105. Red cleat (090) passes through centre of borBrioala.and greertleats (060,105) do
not pass through centreloble b) Joint on stereaet, true dip lineation (plunge).-& cleatlineation with 70 plunge to E.c)
Rotation of cleat to N6 to represent actual plungiote the coincidence of joint and cleat dip lineationd) Determination of cleat

azimuth byMethod 1 involves statistical analysis of BIAZ data (060, 090,105). dlbat with an azimuth of 090 passes through the

centre of the core and therefore it must have e} MethodaThe
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azimuthof thered cleais taken to be orthogonal to cleat lineatthat plunges 70to 090(double arrow) f) The azimuths of cleats
with BIAZ of 060 and 105 are also rotateg90°.

DETERMINATION OF CLEAT AND JOINT AZIMUTHS FROM CORE

Examples of petal fractures and their relationship to horizontal stress in core and the bore wall are illuBigatesY irDetermination

of cleat/joint azimuths from core involves measurement of the angle between, arudetite apex of eoringinduced petal fracture

on the bore wall.The basis of cleat azimuth determination is that the strikgefal fracture has the same azimuthas8d the apex

of the trace of a petal fracture has the same azimuth as breskantimage logCleat azimuth can be determined by measuring the
angle between cleat/joints and the apex of a petal fracture (fatileel intersection of petal fracture and the core circumference).
Details of the methodf calculationof cleat azimuth using petalatturesareillustrated inTitheridge,2014
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Figure 7. Coring induced petal fractures in core and the borewalland their relationship to horizontal stress and breakout
azimuths. a)and b) Top and sideview of petal fractures in core) Fracture/stress relationships in core and associated bore wall.

Overview and comparison of joint/cleat azimuths from image logsd the CTF method,in a CBM leaseQueensland

In 200708 image logsvere used tobtaincleat azimuthéromfour wells( D H 6 s Bdi,A 0fi @0 ) fram alCBR Raseln addition,
cleat azimuths were obtained using the presence of coring induced petal fractures (method outline@tabieVeheridge,2014).
The results are presentedFigure8, with the resultwia the CITF methodoverlain on the image log results.

The numbers of azimuth determinations via@i&F method is lowas & least half the coal cotead beememoved for gas desorption

and destructive testin@roximate ad petrographic analysegjior to applying the AIF method.lt is estimated that as maas three

to four times as mangleat azimuth determinations could have been obtained had the measurements been made whilst the coal was
still in the splits or, the core marked to preserve orientations of adjaceo¢pief core.

Regardless afhe handicapoutlined abovea comparison of the image ldgterpretatios of Methods 1 and 2ndthe CITF method
wasmade(Figure 8) InHo | e sandii AdBedmajor aimuths from the CTF method were approximately orthogonal to the image
log results.The results from Holes A andBompted enquiry with the provider of the image log interpretation. In the final hole to be
drilled intheseries ,  H o,lthe resuli3 &m both theMethod limage lognterpretatiorand the CTF method(Figure 8)were nearly
identical. This prompted enquiry as to how the differences arase H o | aad$i Bid A O

A COMPARISON OF METHODS TO OBTAIN AZIMUTHS FROM CLEAT LINEATIONS

Thecleatazimuthsdetermined by MethodrH o | A& dBothdidatethe fractures are perpendicular to(Sigure 8)andsuggest
an unfavourable stress/fracture azimuth scenario for permeability (Tableid noteworthythatif the image log azimuths foleat
lineations (BIAZ) forHolesfiAd andiiBo are rotated by 90°, there iseasonable fit between the azimuthboththe Method limage
log interpretatiorand the CTF method (Figre9a). This is alscamore favourable stress/fracture azimuth scenario for permeability.

Conversely if the same rotation of cleat lineation Bl@Zethod 2)is applied toH o | 20 (d&termined byMethod 1 andhe CIF
method) then the cleat iV be perpendicular to the joiazimuths determined from a sinusoidal trageiddle rose diagram of Figure

9b). Observations of core do not support tlisd it(generally)does not make geological sense for the larger scale joints to be nearly
orthogonal to the cleat represented loa image logs by lineationsThis is supported by core observatiartere there is clearly only

one cleat andnejoint azimuththat are very similar

Representation of structural data with tadpole plots of both planes and lineations.
Tadpole plots graphically record both dip and azimuth of specific structures, and their depths. In addition to thadpafshjudts,

some logs also record teemenformation in numerical form. Theaxis of thetadpoleplots is depth, the-axis recordsdip of planar
joints that intersect the entirety of the bore wall with a sinusoidal traceiedl asthe apparent dip of cleatlineations(LHS Figure
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10). The tail of the tadpole s
(Table 2).

ef fect i v erkcprdsmue digazimushxof pfanat dueturesand theBIAZ of lineations

Table 2. The relationship betweemlip log tadpoles and strike azimuthsof planes and lineation trendsand analysis

Fracture/Form Intersection of Tadpole tail Numericalformat of Obtaining Strike AZ
fracture with bore wall information tadpole information
Joint plane/ ) Dip direction(trend) . . .
Sinusoid Entirety Orthogonal to strike True dip/true dip AZ Orthogoral to true dip
Side(Method 1 . Mean of BIAZ
CleatLineation - ( ) Plunge trend, PlungeBIAZ
Side(Method 2) Orthogonal to BIAZ Mean of athogonal to BIAZ
* Includes bedding, joints, faults aomss bedding
Hole “A” Figure 8. Cleat azimuths
(1=129) o Hole g determined by image logMethods 1
=181 and 2 and the CIF method.
M2 Cleat azimuths for holes A, B and C
were determined by Method(8rey).
» n=9
2::,. '::31 c|m n=g Cleat azimuths for Hole D were
determined by Method (grey).
uen B Hole “D” The azimuths from the CF method
Hole “C ey haveblack borders around a white
(as M centre. Maximumhorizontal stress
—%]%- azimuths deterined from breakout
M2 3 are indicated by red lines and arrows
" Cleat lineations,  Cleat CIF Joints with sinusoida L=cleat lineations . BO = breakout.
BO n=16 image log, 1=320  method, n=12 trace, n=34
Cleat n=28
Figure 9. Rotation of cleat
azimuths by 90 degrees
ayHol es @A AO0, bdsdl:on
use of Method 2fter(restorativg 90°
rotation of image log cleat azimuth
Hol e i Hol e fAB Hol e .This results in agood match with
cleat azimth determined by the CTF
b) (—\ met hod for Holes fAAO an
otate BIAZ
b)Hol e ADO0 based
N [ 1 afterrotation of lineationsofcleat
- Y ES y BIAZ by 9C° (middle). The rotated
3 o cleat azimuthdoes not match the
Hol e 1D [ larger scale joint azimuths determine
: from their sinusoidal trac®HS).
Cleat lineations, Cleat lineations, Joint azimuths , from
image log(no diametric |magé log (no diametric sinusoidal trace
balance); unrotated BIAZ balance); rotated BIAZ
AZIMUTHS FROM JOINTS AND CLEAT IN CLOSE PROXIMITY: METHODS 1 AND 2
In Hole fADO numerous inclined joints (top inset LH®ddedgure 1

by the interpreted pink sinusoidal trace is about 80cm. Thishamedip and strike o75/125 (see bottoniHS exparded inset). A

cleat |l ineati on wi t h Bl AZ

t o

nAO, a

The RHS of Figure 10 illustrates a polar net analysis to test the results of
that are in close proximity. In Figure 10a (Method)lihe procedure consists
AA0. Al though the azimuth of the

of 117 is in cl omgacprveoxi mi t

I i neat i o mhese daBadre plotteld orfi &Cséries of polar plots (a to c) in Figure 1. (RHS

applying Method 1 vs Method 2 to the |eattfiad ¢
of plotting the strike of the joint and the BIAZ of cleat
plane and the tramdithaf

t he

difference of 8 degrees. In Figur@hl (Method 1B)the lineation is rotated 9Qo the strike of the tangential secti(®TS) of the

lineation of 027. This is the true trend. The proceso@tionmakes the dip
identical (refer backat Figure 6c).
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If Method 2 (Figure 10c) is used, and the interpreted strike is drawn perpendicular to the dip and



trend of the lineation, then theffdirencebetween the strike of the plane and the cleatark. Similarly there idisagreemenbetween

the trend and plunge of the dip lineation&hilst Methods 1A and 1B have identical azimuth results, it is only Method 1B that has
identical results fobothtrend and plunge of the lineations. Methgdlbng with statistical analysis therefore the neferred method

of the authors to determine azimuth of cleats.

In the inset in the bottom right of Figure 10, some 10mage |
d,e.f,g, and h. The observations from the image log repéttoot e aréfubdamental tainderstanding the process of Method 2.

Figure 10d illustratethe sinusoidal tracef a joint(blue green) with a cleat in clopeoximity (circled white and enlarged in Figure

10e). Their dips on the image log areverydamil n Hol e AEO joint and cleat details (az
were presented. In most figures there was an abundance of data in which it was not possible to identify individuall@gahtiatalls

(Figure 10f) This was because tife large amounbf dataplotted over a rang®f 0-90 degrees, whe the range of dip/plunge was

greater than 50 andmostly greater than 80 In the example illustrated in Figueé0g,h there were only two structures in the 2m
summaryinterval (the joint and cleat of Figures 10d,eJhepolar netfigures (10g,h)shows a joint that strikes approximatelyS\

with an adjacent cleat with similar dip striking nearB\E The interpretatiorof the EW cleat azimutlemanates from Method By

applying Method 1,Hea ut hor s & i nt sameleaeazimuthiisapproxiniately-& (eed line of Figure 10h) and similar to

the strike of the joint; this is consistent withplicationofMet hod 1 ap p |(Figeares10ab). Hol e A DO

AZIMUTH DIP SZs
0 20 180 270 3c0 30 4;%, K O® _ons 50\,,,"“"«%
i ) d ‘ 0 e el 50 474
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Figure 10. Application of Methods 1 and 2 applied to drillh

Recognizing whether Method 1 or Method 2 has been useddetermine cleat azimuths.

Theindicatorsinclude 1) a comparison of whether or not thelar neBIAZ/dip plot matches the rogagram or histogram (Figure
4). If there are one or two cleat azimuth classes, this should be easy (Fitpytgsoutif there arenultiple azimuthclassesdistinction
may be difficult (Figures Ic,d); or 2) an independent means of measurement (eg CITF method of Titheridgem26hdnical
orientation of corpe

INTERPRETATION OF THE DISPERSION OF CLEAT AZIMUTHS BASED ON LINEATIONS .

Figure 3that illustrates théypothetical modebf lineations associated with a known sing\Eazimuth Figurel11 (below)shows
examples witlconsiderable variation ithenumber of lineationone to hundredsand the number of azimlag (one to siy. In Figure
11, lineations (ecorded aslots on polar plotsdppear to béreated agneasuredndividual azimuthqas is the case for jointgather
than dispersion of one or sevepalpulatiors. This isindicated by thevording ofautomded interpretations (italicized)

The interpretations of Figure 11 are debataBigure1la is based on one lineatioiith reference to Figure 3, it is estimatéére is

only about a 15% chance that the single lineaisorithin the 10 degree azimuth class that contains the (true) skigarel11b is

described as having a trimodal distribution. There are insufficient measurements to béhigisaiorrect It is easily possible there

are onlyone ortwo azimutls. If lineationson an image log are spaysmespection oftore or the use of the CF azimuth methad

could resolve the modality and the true azimuffigurellc, describet he di st r i but i eemodesareftitedhigtre er e d 0 .
11c. Thereis probably a fourth (~ 087). Within each of the azimu#tses, the range of azimuths is probably narrow rather than
scat t er ed;(dispersien)siars atefdctiofenosd fractures not passing near the centre of theabioigee Figure B InFigure

11d,t h e i s diatibtitienrisentbre likelyto be due tahe presence dbur distinct azimuthseach with a narrow rangegain,

inspection of core could easily resolve this.

The influence of stress and folding on cleat azimuth distributioron an image log.

Figure 3 illustrates a theoretical distribution ofAEstress azimuths. In the eve3il is EW and the ratio oB4:Shis high stress
concentration in the ¢ quadrantas a result of a high-B directed compressionpuld rendecleat invisible and reduce the dispersion
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of azimuths. The low angle of incidence of cleat to the bore wall might also be a factor in image visibility.

At one extremea singlecleatazimuthmay reflecttompression and subsidengith little or nosutsequent uplit eg DH A DO
8 and 9. Many orthogonal setreflect compression angblift. In Figures 11c,gdthe yellow orthogonal set is interpreted to be a result
of compression followed by uplift. Thwo red ses are interpreted as cross jardssociated with foldingClearly interpretation of
joints and cleat would benefit from synthesis with regional and local seismic and field ma@pimgre immediate connection with
interpretation of image log dafeom individualdrill-holes, are the benefits afetails that can be obtained from the bedding plane of
coal corél cleat angles, intersectioigrosscutting vs abutting, and mineralisatiorspecies, preferred azimuth.

a) b) d)
& L
! e F Ik
N=1.AiDomi nan N=17ZA Tr i nooal a | N=106.iScattered N=393.iThe coa
coal fractures strike fractures strike towards 035, coal fractures strike towards fractures strike
1250 055 , 0850 035, sub domi n distributionis scatte e d 0

Figure 11. Examples of thepattern of the distribution of Borehole Intersection Azimuths (BIAZ) with numbers of data ranging
from 1 to 393. Authorginterpretations of azimuth in c) and d) indichby yellow andred lines.

CONCLUSIONS

The intersection of cleat on one side o ttore wall produces a dipping lineation. The hmadl intersection azimuth (BIAZ) is an
apparent strikand is associatedith an apparent dipThe strike of théangentialsection(STS) atthe BIAZ contains the true trend
and plunge of the lineatiorilhis must be accommodated in plottitigatlineationsfrom imagelog data on a stere@r polarnet.

In the author8opinion the bestway to determine truazimuths ofcleatlineationsfrom an image logs from a statistical weighted
mean of numerousorehole intersectiomzimuths(BIAZ; Method 1) In Method 2 a 90rotation of borehole intersectiormzimuths
(BIAZ) appears to be software procedure. In eftbet apparent dip of a lineatitias beerreatedasif it were the plunge trendf the
dip of ajoint. Differencedn interpretation of cleazimuths of 99between Methods 1 and<likely to havamplications for planning
theazimuths for inseam production welland ultimately gaproduction To convert Method 2 to Method 1 resulisere is a simple
remedyi rotate theBIAZ cleat lineation azimuths (another)°90

In the absence of documentatiof the method of cleat azimuth determination by service providkesend users (gemists,
production engineeyseed to verify the method usedlhe value of inspecting core to supplement image logs cannotdre ov
emphasized Theresults of application ¢he CITF methochasprompteda closer examination of the interpretation of cleat azimuths
from lineations on image logmd provided the impetus for this papétetal fractures (PF) in coal, when combined with breakout
information, provide a means to ground truth the results ofdamihstic and resistivity image log analyses.
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