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Tacknological advancements &= borizontal drilling snd fractare stimulstion of tight oil
formations hawe resslted &= the rmurgence of the cmtury-cld matum Permizn Basin

(Pigure 1a). Curment development strategies typically inwolve 3 “harvesting” spproach

wherebry == well pach ave used & dril stacked homzontal lsyers wetin the Sprabemry
w=d Wollcamp foomations (Figere 15) i 3 repented sequence, implementing idestical

grometric stage placement. As much, these methods ssmeme similar mock propertios and in

witn stress states slomg horizontal wellbores which cx be problematic. This can reslt =

undesirsble effects mich 1 weil underperformance, presssre snks fom searby depletion,
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Pigem L A) Permien Sacta Jocasor sad 1) type wall with Liading paiat

and well bathing resulting from w=mtentional stimulstion and
communication of newby producing well. ks hopes of mitigating
wach quanderies, moce opersions are icremingly smplementing
development strategies that encompass evolving subsariace
techzology and workflows that integrate multi-domain data types
icluding geology and strasigraphy, petrophyscs (Aigurs 2L a=d
rock phywca (Figame 3) integrated with geomechanics (Figure 4)
and 3D seimmic (Figure 5) for stres estimates weed for Factore

grometry modaling cabrated to micromismic data, reservoir
enginessing parametars, and procuction history matching, Serem
peoflem, both verscally and alomg horzontal welthores, can now
be extrapolated Eom a finad 3D mechanical excth model
Tepresenting inwity misdmoms horizoatal stress that bas bees

calbrated 8 core b0 sccount for local asisotropy effects.
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Nigere 2. Nerophypeics cedfication: Shofacis | and 2 define semevolr qualty churscirietc of bighe:
mizknan hocmosal cows while 3 and & define completion gualty sad laading scoes amcietetc of

ralativaly bowe mivrom hoclestal eve

Objective

We proposs 3 new method 1o estimate minimsmn horizomtsl strem vestially and akbng
lsteral wellbores in 3D epace. The mwthod misgrates multi domain data sets with Lamé
wlastic coratants from $D seémmic which provides the necesary heterogensity of imsitu
stress statex © effactively modsl fractsms geometries for frac optimination and horsantal
bandng,

Method

This method presents an empirical approach beed on the integration of wid mls-
domain data types calibrated 1o AVO meflection seiemic data inwerted for compressional
wave webacty (Vpl and shesr wave welocity (V). but erpressed i egual terma of Lamd
elastc constants defined by lambda (A) or tncompomsinbey, nd mu () for npdiy and
s equutvalemt to shexr modubsa. For geomechasica. Lambds sod mu defime Hooke's law
relating strem 45 strass which inerinscally defies the Sracabelity of “brttle” (kw stress)
racks 3d ductle (high erem) rocks. Subseuently, Goodway (2010) shows that Lambds
2nd Mz define the isctropic Clomsre Stows Scalar (CSS} defined =
i v
CSS150 = 352 = Gwy” (Y]
which fx equévalent % the Bound Pobmon's Raio (U). This exproséon repressnts 3 rack
qusity trrm embeddad within the watropec Ureazal Stres: Exusticn defined =
ﬁ(s,—u,)+?,+rmm. 2
where Sp acpuals the mimimem bortzontal stress reqused 1 fracture the rock gven

Sp=
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Figum & 1D Machanicd srth Made (MIM) dowtag the mwen termee defined In Lquaticn 5.
Mizisran bocmontal st (S,) preflas repramert ha log ( com based akston (Sha cerve) and
wavic bhasad wlition (red care) wing the stemh: Cloasm Swes Saler carmasd Sor sslestiopy.
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igars 5. Cooes scion foem 3D cobes (meampiad ot B) mpramating the mechunical tarsw defiond 1n

Bequacion § which are: A) (2] the madudes of entactropy, 8) C i the satectropic Boend Polemars
Rt Scas, €) 7 % the i Closare Stwes Scalae o s, 5,) swwbiardens s, D)
@, b ol's conetent 1o the vertical dimcticn, Pp) pore prassss, ) 2y & Mel's conesnt I the
hoctacetal Araction, D) raeltng msinen boraatd drms dowing verdcal sd bodsooul e
hatscogecaly. Paced letees sko defize wrmas defined In Equation S

Figare 3 s 2 rock phywics semplate that showes malti domass slstionabips between
gromachasical propertie Lambda M B2o (LMR) weth respect to changes tn CSS,
lithofacies (Figere 2) and porosity. Lower CSS typically neubs i= optimal lndisg mees.

Local snisctropy effects wes imvestigated and messused wing compressional sonic ==d
shear logs calibeated 1o trinxial core data from the soes. Narssimban (2016) provides =
valid workflow tmplemesting 3 Ben Eaton snisotropic strees model for comverting static
mechanical messrenents from core to dynamic velodty meassrements. Remilting
anisctropic acalars, representing comection facton to isotropic terme from Equation 2. ane

—= (5, — a,B,) + (axB,) + Tectonic, (3)
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Moagrétude of the difesertisl between the asimtropic and isstropic Bowsd
Poimon's Ratio (BPR) can be cakoulated 10 repremrt an asisotropic camection scalar that's
applied to the sctropic Closure Strees Scalar (C55) defimed in Equation 1 represested by:

A . Wy
vzp T (v’ ®
whers C ix the sinctzopic BPR scalar which equals the ictropic BPR leas any asisotropic
effects (C = 1) Equabion 4 can now be inserted o Equation 3. md miremmen
horznstal wrem aloslxted ung amaotropic cormcted mechamical properties defined by the
AVO iverted seierméc OS5 whess:

CSSp = C

S= (E* +C h‘u(s. —a,B,) + (apB,) + Tectonic.  (5)
Figure 4 shows each of the terms fom Equation 5 in log forom and remsmpled equally = 1
#, wih formation tops indudiag the Lower Spraberry and Wolfaump, wd defines the 1D
Mechasical Earth Modal (MEM) relating minerlogy and lthofacies to mck mechanics,
and dafines efective strws and pore pressure gradients. The geomechanical terms | corves
wess imterpolated sway from the 1D MEM location (Figsees 7 mad B) %0 meas of intecest
waing the sciemic framewerk hortoms sad exsting verticld wells 31 constraints 1o powserwe
formation thicknes. This relts in wves 30 geomechanical cubes ssmpled squally 2t 2t
including the 3D ssismic CSS term. Figure § shows identical crom wections for all teems
slong & Lowsr Spraberry latesal welbors (135H LL) near the 1D MEM location shown in
Figars 7, which aho defines the sreal extent of the 3D cober. The lower right pand
(Figere 5) shows the crom section sepeesssting the fizal 3D (S ) minimum hociontal
stomss cube defined at » 1 & vertical and horizontal smple e

Nges & Compacima of aicsliad niimun borhostal crem slng lstmph: v asropic Claae

Sorms Saler dara without eeex gradient Thae sop pased dhome (O cakubetad seng Moooph: eeenec
{1o) and lmstropic 55 Fram loge (right). The riddie pasel chows the secse dats cmected for
saleatrepy ssing comection aales The bonce pasl dhows the find miivum borbootal eree
wlation (5h) comaced for salictopy weing O35 frm sienic (hanom-lefl) ed logs (hotten-right ).
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A 3D strom cube, cdculsted csing Equation § with Lamé elastic constasts from 3D selemic,
has mcomsbully characherizad reservosr and compleon quality within the Spesberry and
Wolicamp formations. Lambda tho s Macho (IMR) croms phots, cakbrated & ithofacies.
gromachanscs, and rock phywic templates, were used to guide et strem stale
interpretation in identifying stress heterngeneity for acceage development etrategies and
along horizontsl wellbores for completion optimization.

Othar weimmic methods are isotropic, snd become lms effactive and mesmzy stoes evon i
formations that are sigeificantly snisotropic (e.g., eource rocks) due to lamizations, «c.
Figuoe £ chowe toe motorec Closue Strem Scalar caloulsted saing aeamic and from logs
before and after the smisctropy corsection (scalars) wess applied. Particularly, isstropic CS8
cakoslatesd from both ssterec and logs (Figure & top pasels) thow sncamaloudy low
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Tiges 7. Mizizein bectantl etrms mape of Lower Speaberry landing soe, Dess S0 ft shove the a0e
(2op pacwl) and 50 fi Sadow (homoes pacel) The rad dot bucases the 1D MEM. Asws showing reatly
hoghar meinimann mwes (red) woudd [ady Se mone restetive 13 presre enks fom depletica

B
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Tigire K Mivisasn hachooral s mupe of Upper baver Spcaberry linding accs, swez S0 fi abowve
the lnding acce (lop panel) snd 50 & balow (bettom pasell The sed doe lacates the 1D MIM. Aress
doning uletwly lower misizven sres (blos/paph) woeld loly be mece prone to possssrs staks
frues daplang peecst wells

strem 2 flooding mirfaces (v.g. WPMP A, B and C) repowsent orgsically rich reservoir
rocks (kthofacies 1 and 2) that = enisotropic (Pige 5. berms A and B). Incremed stress
vakums reult afer amisotropy comrections v spphed (midde aad bottom paswls). For
camplation. quality, idesl landing somes typically requics les amisstropy comection, o
whe= the anictropic Bownd Pomoa's Rato scaiar (term C) i equal 1o or alightly lem
then one, and s chaacteristic of incressed volume of cilcite and quarts (Figum 2,
Ethsfacies 3 and 4). However, argasically rick (soercs ) rocks for seservesr quality typécally
requie eigniicantly higher anisctropic cormections due tn incressed orgarecy and clay, and
have higher streses and wre ductie. This it sheerved in Figeme 6 The landing mone for
the Lowsr SPRB and WPMP A (Figure 6) show relatively minimal st changes befom
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Figees 7 and 8 show mésimam horisotal stres maps of the Lower and Upper Lowsr
Speaberry landing zomes, respectively. Development strategies < mow be optimemd
regsnally, governed by erem vanabesty, Gemerally, bloe highighted sreas, characterztic
o reatively bowes stress (=ore britel may ba at grester rak for premure snks Som
“parent” well depletion. Alsernatively, yellow/med colom show sreas of higher stress that
may be conducive 15 incremed fractere contsinment bodzontally snd vertically, potentislly
resukting in lma fracbasking, ezamples which are sho sees = crom sectioe (Figere §)
showing the added stress varishility from seismic.. For complation optimization, the 3D
#trees cube sumpled at 1 ft sow allows for the extapolation of vertical strems profiles
(Figure 10, black carves) at snomaloss segments slong horizootal welbores for fractum
prometry modeling when testing trestment seraitivities snd parameterization. Figere 11
whows 3 horizontal strem profile comrelated to shear modudus (or o) as well = the

Ngos & A mgiocal cves saction example of eoes bamrogeoaity. The 1 paned chons the
Bstopic (O, rekdde fazel owe mizizun bodmanl wee wing (55 ban bge (Lquasosn 1), sd
» Enal wmes wlstion (hotiom pasd) Stagading the snbetaplc (O from sdemic (Equaton 5}
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acalur (CSX) froce sedemic date. Mack curves seposssce @omes profles smd 1o model factue geematry.

andetropic comested CSS from the sssmic and rate of penetration (ROP) from drilling

dats which show geod cormlations. Tha example hows the bigh magritude of srem

varubilty lengtinvme md vertically akong the beel, whch can mow be fracture modded

for 8 mors optimal trestment dedge oo a stage by stage bawis and for optimal keding.
Conclusions

from 3D seimmic, aad provided the ascesary hetsrogeneRy of in-sts stros e
effectrrely model fractios geomatnies for frac stimembon and horsrets heding, both

werically and borizsstally i= 3D space. Examples of fracture modeling & shows &

Figere 12 that simulates fractess geometty and propagetios (Cherian ot al, 2015) which
ultimately maich fractse tresting pressares messmsrad in the fidd, shows i Figurs 13.
Undestrable effacts related to parsnt chid well mlatorahipe sach as prodaction
underperformance, ks effectim ssymmatrical stinvdation, or well-bashing can mow be
imwetigated 2t preater detudl caing wrem hetwogeneition provided by this method.
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