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SUMMAKY

Although hydraui o Practuring 14 v popalar methonl
tar nereasing the prodactaivity ot el and qas
Wi, e 1M o no ftrect day ather than drilling
vhdirional Hareholes o feteraine whierne the injaeted
Piutd Yo poene il T whar rrection e tracture
N propacated. Intormation sbout tlard flow paths
1y tmportant for designing Subvibequent fractuaring
vprrationd for nearby wells, bertermining the loca-
tionyd and ortentations ot permeable fractures @4
also tmportant n stadied o porepatial boxic wastae
repositortes where 1t s critical to understand
tlurd tlow patha, We have developod o method torp
detormining the ortentations and locations ot frac-
tured along «hiieh flard fiowy Juring hydraulice
tractuting, e metinod 4 based on accuralts
determination ol the locations of microselsme
eventa, 1t microcarthipnakes, that accompany the
hy lrauly - ingection. By applying a pattern recog-
nttion technigque to the locationg of avants from one
hydpr wulie tracturing operation we fainl planes in the
data along whiteh we prectame that the tlutd hay
travelod, Me planes determined uging our sathixd
tateront the inctection borehole amd o siecond,

nearby borehs Loy o oeagione e other Jdata
tnlieate that fractured are predent,

INTHOD ION

Paripg the pamt 10 pear o we have hoeh monl toring
ramt ety aeoet ste b with hydeandie tracturing an
granttie rock (Albrvgnt el Hanold, Y976), it work
haa beor cart el out wrth Phe ampluest aecsumpt ton
that the aseamic bty o 0 et ot of the flatd
protmnee an the pace aed thaiy v oan andtteation ol
whogpo Yhe P hand haer penetrated tn the farmat 1on
(Mupphy amd rehlor, D), We hoave vepep bl that the
Phueel peperb b the Doaat tan along pre-=egrad g
fac tarew 1 the vau b that apen g Lponue b the
Phand preene o pnteeae Vo waobhe the o attu gt ey
Poss kb oMarphy e behidler o Ynng e We have jae bt il
Wi et tinn wieh thes b e g U iaps thiat the o an
atiie o embe gy e oy bty et thira ol
L T TITTON R TCR LR TSR R W IRTTEN B C T NRTTN ] B Y N T RS N T
Tose a8 of Pt avcram g Chepaak e o el ey cannent
Poer b traeel by ov i gie Yo bt ebare, Mt now
woo by el e et ol Lo beverming g whispe gy v
A Pt vt o the Earmat bon, Wee now g eeent
Poaadt b yppd g o e el e e the thyoea pagnt
methend, Cog Wb ot attonn aml loeat banm
Al planen betaoae b o e b b mbe e Ve puakaes

T4 be ey d o,
' Hoen

they mobhosd § 0t ol ol e ologor wab born ot nynty
vombinatbon ol three microogg thgoake locst fone
darinod A planes oo begin by calenlating the nty the
ant ot of the plame made oul ol wvery posaihie
vombinatton af threa microami fhguake tocattons with
P oA ot s et Fram 4 oatngie hpdranlie fracturtng

LA Y LLNN ] tment, one 1htuitve way to taind tie orienta-
tion ot any plane along which Lhe microcarthqudkes
may have ocourced would ke to seperate all ot the
planes defins]l by coabinations of three locatiuns
1Nto lang cortedponding to ranges ot qimilar orien-
ti o, and to then identity which bin has the
Farpeat number ot planes, However, this techinigue
would produce a biased result due to the shape of
the reglon Ln which the microuedrthgquakes oceurs This
blas was discuined for the two dimendion case hy
Lute (1986). The bias causad by the shape of the
regron 10 which the microsarthquakes fall can be
vliiminatad by normalizing the pumber of comblnations
in each bin by the numbmee of combinationn in each
bin tound tor gynthetic jeta of location Jata, These
dynthet i locationd are unittormly but randtomly dis-
tributed throughout Lhe zone 1n which the actual
mioroear thiquakes were found to occur, In thiy way,
we obtain an unbiased oestimate of the orientation of
planas alony which microearthquakoa fall and, by
comparivon with many sety of synthetic locdations,
can alsn obtain a statistical estimdate of tha relia-
bility of thu renult,

To determine the location of the plamne, we count
how many times, T , that a yiven mieroear?! hjuakae, j,
]

combines with other microsarthguakes tao torr planes
with the preferced otientstion.s Thoe earthigquaoy that
tava the Largest value of T are thone that [l

)

along the plane, By plotting the locations ol thewe
vventa, we find the location of the plane det vamd hy
The data.

Mo method can be gueceggively applisd to a givea
latannt to fimd planes ot diftering ortentationn. Iy
temoving thoue carthquaken that were found to define
the primry plane, we sliminate the profarence for
that orfeatat ton yn oa ubaeguent application, In
thia manner Carther planed can be abltatmesd from the
data,

Fagqure 1o s the application ol the thiee joant
me Pt Poteeel Laba comba b b ot JOU syt e
Sovcat o that Fall veorde oy b ol dimenronsg Ao
by 00 Dy AU, i th the ot axka arbested e th
caith, Deapnbly tive ol the Jocat bonn were e baceod
viong 0 plane vd aabaoqient by poetarieed ot the
plhane by 20w o vepreetent s trars s toeat o The
Poeabiomt are drawn b vorbieal o aeetinn
v vents | |ll'||'l'l|-|lI alad 1o The ke ot the ppagnee o
‘haat bt line Topteents Ve brnation ot the plane
latbme Ly tho anpperbarlen' data, The methenl waa
vt atal i ddstoarmining the Tocatbon of the pdbann
v theewe ot gy,

Wo have appliad the thrae potnt mathod to a sulte
of ajcrosattilnjuakes Lhat acyuspanied a massive
hydraulie Practuring oparativn in yraniele roek,
Iring the oparation, 21,600 ) of watar ware



injected into a 20 m long section of wellbore at an
averaqe rate of .1 m)/sec. A tntal of 844 micro-
carthquakes werve located and used i1n the analysis.
The eventa were lacated using travel times to
soveral subdurfdce 4cismie dtations located in e
noeles surrounding the yntection botehole (House,
Pou ). e preciaton 1 the localttons 18 estimdaled
L e M m. A Lotal of tive plandal s lentationg
Along which dSetlamye events ocemred dere tound by
the methods e Tairdt plane Louned, shown 1o Flgure
2, econtarns Vo mier et pab e, Thin plane 1nter
Sectn the dTnjection welltwge, tatehed EE=2, 10 a
Lovcatton where devera! swoar Lided Tlow exity woere
tlentitied laring the hydr i Lrasctaring
operation. The sec ol plate, snown i Frgqare o,
intorse tn ¢ borehole that wa:x el ledd atter the
hydraalye Tracturing. The point where this fractare
intergects the wellbore wad Ldeptihied as a tractare
zoane by andlysid ot drall cuttings (Lewvy, written
comraincat ton .

INELHIME TATLON

Wee tnterpret the planes 1wt by the three poind
method ta be flow paths alomg whitch the dater § o)
into the rock, These tractares are most likely, poae-
exiuting ointk which « pen 1o redponie to {lad
Pressuars acting apainst the present in aite streans
treld. The above methied ol local ing Practures daring
hydraulie fracturing thus locdten those fractured
which are sont likely to e [ low pathe given 1!
curpent state of uqtreay, The method could redaidi 1y be
applied to aggepgnent of nasardous wagte g11es whore
quch tractarey maqat b characterized and to ol and
it we ] b where Enowledge ot fracture artentation 1o
destnrables 11 shonld e noted tiat nat all of the

planesd found are directly conaected ta the anection
wellbore, Pressumably mome of thedss planes are frdae-
Lires that have connections to the injection

wollbore through fracturen whteh e tao nmall to he

foted tedd sniamically,

The Phires point Mt L ot e vie masfully
applint va a microsarthepnakes location data set
vollectad during & maecsive hiydiraninee fracturing
oprration, Planes with Taive Jditfering orientations
worn foupd by the sethod, The st two planes wore
foumd to intepaenc? wolllotew 1 locat bonn dhere
other data tmlicate the p
Thin metheel thuy provided o powerful Tramework t.n
interpretation of aterosarthgnake data ol lected
Auring hy lraulie fracturing opepationg, and proviidea
loreations of How patha al g which wqlaog 1 lowes]
durtng the iniection,
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TEST DATA (20 M ERROR)
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Figure 1. Test data for three point method. Line connects points along planre.
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Timure 7. Yertical cross section showing points found along primary plane.
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Fizure 3. VYertical cross section showing points along secondary plane.



