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Abawact
Ilre sarliest wells wem opctr hole ~wmpleted whfr a small cleanup

f3.gfrIattwrpts have been made to drill and complete horizontal wells in the
“hydrafrac”. A survey of 781 wells conducted in 1952 indicated (hat 92%

Sprstberrytrend of West Texas, Ilsc results have been disappointing 10
of the wells in the survey were openhole completed, with the majority of

date. The productionhistory of each ancmpt will bc discussed,al~g with
ttrctreatmentsconsistedof 1500 gal of fluid or Icss.li As o~rators gained

an ccorromicwralysis. By usingthe drainhole productionand resultsfrom
experience, the tn!atmcntsincrcascdto 4500 8ss1of oil basedfluid wing

2400 lb of 2W40 sand. The treatmentswcrt generally pumpeddown 2 3/8
ve~ical WCII completions,a model for predicting the pcrforrnanccOf !hes?

in. tubing at an average injection rate of 5 bbl/min. (
wells will be proposed. Ihc kcy input to the model is a modified Coatcs-

Dcrtoo relationship bctwcut Poro!ity and permeability that utilizes
llacsc carly wcatmcrtts did not limit the sleep dcdincs, and by 1954

openholewireline inputs. ‘fltc model prcdictirmswill tfrcnbc compwcd to

actual pcrformattcc and used to help predict the optimum compaction
operatorsbc8an to implement tn!atrncntswith hi8hcr ratesand volumes. In

Mstcgy for WCIISin the Sprahcrry trend.
a series of rc-frachrrc frcatmcrtts docramctttcdby (.kolilc there were

substantialimprovements in productivity with Isrgcrjob sizes, A typical

$i_ ‘!hxrsfItisckgmsmd
re.frachrrc treatment consisledof 21,000 gal of frac tluld carrying 31,500

lb of 20/40 swd at 42.56 hbf/min down cissing, Scvenrl wells thal were

The Sprahcrry Ircnd of West Tcxirs hasbeen lhc Iargci of cxlcrtsivcdrilling
pmducin8 Icssthan 10 fK)PD were Incrcascdto over 100 BOPD, Onc WCII

sirwc i(s rfiscuvery in 1949, I%rly WCIISin the trcrtdwere chrarack:riv,ciihy
rccovcrcd 55,438 B() hs 34 months after a 4500 gal frac(urc trca(mcttl.

high initial flow rwcs isf~crsmall stimulation Irctilmcrtts,Ilrc trvcrssgcinitiiii
fMor to the rc-tltrcurrc trcalmcm the WCII wars producing I 130PD,

Following a re-frachrre trcafrncntconsistingof 2 !,000 gal oil based fluid
potcttllal fromtonc study of 718 WCIISwas 3 Ill BC)PD from open hole

completions In t!rc Upper Sprabcrry,l llrc high initirsl potcntlais had
and 31,500 lb 20/40 isandthe daily productionrate Incrcsscdto 3A BOPI)

sparkeda boom in the csrrly 1950s, where up IO 203 rigs were running try
and lhc WCIIrccovcrcdan ssddiiional34,155 B(3 in the next 18monlhs, (

mld 1951, Ilc re.servolr cxtcttl seemed cnonnous, with production
In the period following Ihe early 50s, watcrfloodhtggained popularity as a

csteblishcdover an arur 150 miles lon8 isnd50 miles wide, Opcrrs[orswere
means to improve rccovcrics, The dcclhtcs in production rates were

convitfcwdtfrcy had found “a potcntlully great soruwc of oil rcscrvcs,,”~
accmnpanicd by rupld declines in re.scrvolrprvssure,and watcrilooding

This boom was short Iivcd, as the high Wtentiuls were accompwried by
was considered us a technlquc to reverse this decline in pressurennd to

sustainproduction, tlr 40 acre spacing the rcscrvolr prcwrrcs declined
rapid dcclincs, In three caws, WCIISproducedfrom 2(s,000to 40,000 K) In

151017 mmtths prim to abmrrfonntertl,l Tlrc poor sucwss in sustaining
3.86 psi per day, vfhilc on 80 acre spacing Ihc reservoir pressuresdeclined

economic pmdftction rates lcd operators to try dift’crcnt icchrtlqucs 10
0,59 p$i per day. ] Brownscombcantf Dye (19S2) wsggrxuedthal oil could

be displacedIn the Sfmrheny by capillary imblblllon of water into the wk.
improve productivity, ‘flrc two major Icchniques employed by f peratorx

$6 By 1953 it was atrggcstedby Elkhts ihat the low pcrrncability matrix
were hydraulic frachsringand watwflooding,

pores held the ma]orlly of tbc oH, and that Ihc natursl fraclures provided

flow channels for the oil to reach the wellbore? ‘llrc concept of

watcsflooding the Sprabcrry was proposed to help limit the decline In

reservoirprrxsureand 10displuccihc oil in the matrix.
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‘ilre first pilot waterflood program was initiated by Atlantic in 1952. The of the SprstberryDriver Unit pilot mentionedearlier fwtber reinfomed the

results were encouraging but injection rales could not keep up with the presenceof a high permeability fracture systemin the Spraberry.1

high withdrawsds. Humble implemented a five spot80 acre pilot program

in March 19S5 and significantly increased the injection rate over the Completion techniquesfocused on connectingthe wellbore to this natural

Atlantic ICS{. The original reservoir pressurewas restoredand production fracture system with hydraulic fractures in order to drain the tight matrix,

significantly improved, The exlensive nature of the fracturewenddictated The hydraulic fracltsre will propagate perpendicular to the minimum

thata large wale operation would be necessary[o restorereservoirpressure principal horizontal stressand parallel to the maximum principal horizontal

across the trend. 0 Between July 1, 1960 and June 1, 1967 twelve stress.a hr most cases, the natural fractures will have their maximum
waterflood units were formed in the Spraberry trend, encompassing2214 aperture in the dhection of Ihc minimum principal horizontal swessand
total wells, Two of the twelve units documentedincreasesin production. will tend 10be closed in the direction of the maximum principal horizontal
In the Sohio Driver unit a 1%1 field test covering 39 wells in a 4 sq mile Stress.a Iltis limits the effective drainage of the natural fracturesystemby
sma the oil production increasedfrom 350 BOPD to 1050 BOPD in just 10 hydraulic fractures,as the two systemswill usually parallel each other. It
days,” 011 production in the Driver unit increasedfrom 2620 B(3PD to a was this limitation that led operators to consider horizontal wells drilled
peak of 5171 130PD with an average of 3370 BOPD. In the Mobil 13.T.

ODaniel project the 15 well lease was producing 50 BOPD o: the start of
perpendicular[o the natural fracture syslem.

injection. llris production was raiwd (o 345 BOPD once the waterflood tirxizotstafWeii EUWls in tbe S@erzy/Dearr
responsewas seen. 9 Watertlooding ended in 1973 in the Driver Unit.

Since then produced water has been disposedof in former water injection The concept of drilling a horizontal well in the Spraberry trend was
wells. 1° proposedas early as September 1951 by Legendre. ‘4 He mentioned that

By 1983 the estimated ultimate recovery from the Spraberrytrend was470
one operator was planning a drainhole in the Sprabcrry, however any such

early attempts went unrecorded in the literature. hrtemst in the
million barrels. Ile Bureau of Economic Gertlogy estimaled that this was Spraberry/Dean was limited until [he advent of medium radius drilling in
only 5% of the estimated 9.4 billion bands of oil in place. 11 On an 1985. The= wells could reach out from 1000 to 3000 K substantially
individual basis, a 1984 study of 212 wells in Midland County estimated

the average initial potential to be 60.5 BOPD, with a decline to 13 BOPD
adding to the effective drainage area of a naturaily fracturedresmvoir.mBy

early 1935 the first horizontal test of the Dean was underw,;, m Glaascock
in 5 yeara,lz Extrapolating Udsdecline using average decline rates results County.
in an eatknatedultimate recovery 70000 Bt) over 25 years. With the cost

of a Spaberry/Dean well between S375,000 and S!XKMMO,this led to some ‘flte locationsof the eight horizontal attemptsare shownin P@. L ‘Mb 1
tight eeonomicsduring t)il price down cycles. The majority of’operators is a summary of production resultsand economic projectionsfor the eight
elected m work with the cost side ot’ the economic equation to improve wells, From Tab& 1, it can be seenthat noneof the horizoatai wells were
their profitability, concentrating their efforts on reducing drilling costs, economic successes. Ail of the well? received hydraulic fractrrm
evaluation cost% and completion costs. On the revenue side, several treatment% with wells A, B, and G rmiving a single stage fmc. ~
operatorsbelieved that additional reservescould be rwovered to improve

the economicsof the Spmberry/Dean by applying improvedevaluation and
remaining wells were fractured in separatestagessimilar to the technique

discussedin Ref. 26. Fig. 2 and PIE. 3 compare the productiondeclines of
rmrrtpletiontechniques. The Bureau of Wonomic Geology reinforced this the horizontal attemptswith offset vertical wells,
w)th several swdics in the mid 1980s,13 With the growing interest in

horizontal well technology in the rrtld.1980s, se&al opermors saw ‘fle distribution of drainhole azimuths is shown in Table 1. ‘he most

horizontal wells asa meansto improve recoveries, This was reinforcedin a likely natural fracture azimuth range is N75E to N85f2.17 Economies

study of horizontal opportunities in Texas. ‘ilc Spraberry/Dean was suggestedthat severe near-wellbore skin problems can result when the

identified as a candidate for horizontal development, most likely due to its hydraulic fracture is not perpendicular to the minhnum in-situ stress

charactr!tization as a naturally fractomd reservoir with a low recovery vector.n The one Dean well drilled perpendicularto this vector performed

efticiency,]t better than the 2 fXan wells not drilled perpendicularto the minimum in-

situ stress, Spraberry Well C ignored the N75E fmcture trendanddid well,

RofcofNatlmf Ra@sres while Well F honored the trend and did poorly, Well G ignored the

fracture trend and did poorly, Well ii honoredthe fracture trend and had

‘flte presenceof natural fractusw in the Spraberry was evident throughout the highestInitial fluid productionof all SpraberryiDearrhorizontal Wells.w

the drilling, core amtlysls, logging, cementhrg, stimulation, and ‘fire inlersec!ion of an offset well drahragcpattern during the secondof 5

waterflooding processes,Tire wells would frequently loseckculatlon whllc stages(wilh Ihe offset well 1420 fl away bearing N75E) further conflnued

drilling, requirhtg mud weights as low as 8.3 Ibm/gal and lost circulation the azimuth propxie.d in Ref 17. The intersection of a second well

matcrial,l$ When the WCIISwere cored, lhc cores often fell apart into drainage pattern (with the offset well 2180 ft away bearhtgN63E) by the

sevcml pieces, Is Open fmctures could be clearly identified or! dipmeter fourth stage suggestedthat the stressfield may have been altered by the

logsand on electrical imagesof the boreholc,)?lt FoHowingthe cementing previous 3 stages. Ilte wells drilled perpendicularto the assumedtrend of

processcement was frequently found up to 100 fl below TD when wells are N75E did better as a tptrp, however the excellent performanceof Well C

drilled deeper to the lower Sprabemy. On onc job in the f%mbrook area and lhc poor perforrnnnceof Well F indkxstesthat this azimuth is not the

@X$ sacksof cement were Ioat during the cementing ofa7100 ft upper only factor controlling pmdrrction.

Spmbemy well,ls When the wells were hydraulically fractured, high

injection mtets were necessary to prevent prematurt job screcnouts. The expectationsof the opcmtors drillhtg the eight horizontal WCIISwere

Analysia of com matrix permeability suggests that the high Ie*koff clearly not met. While a poor choice of azbnuth may be a contributing

encountered is unlikely to be a result of she matrix Pemwahility.m ‘iltc factor, this did not amect sheperfor&nce of all wcils, The modelsusedto

pilot waterflood atudlcs showed aubstantlal Pernmstbllity ardsotmpy, estimate the producibility of the Spmberry/Desmare worthy of a closer

su~esting an extensive natural fracutre system?l The waterflood response look, along with their Input assumptions,
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Ilse first area to invcsligale is nahsralfracture conrfuclivily. A decreasein

conductivity with a decreasein pore pressurewas first notedby Elkins and

Skov in tbe early 1960’s. A seriesof buildup testswere run in July 1962 in

the Driver Unit, llre apparent effective permcabilities from the tests

ranged from 2 to 40 md-ft, compared to IWO 10 1000 md-f( calculated in

1953 on the samewells} The 72 hour shut in pressureof the wells tesledin

1%2 equatedto a pore pressuregradient of approximately .24 psi/ft. In the

1953 tesls pore pressuregradienls were in the .3 I 10.33 psi/fL range.’ In

falloff tests in the Driver Unit in 1961 WCIIS that were in the fraclure

psllem had a 1000 to 1400 psi diffcrcrwe in pressureand a significant

difference in conductivity as well. The higher pressure WCIIS had an

apparentconductivity of 245 mrt-ft whereas the lower pressurewells had a

conductivity of 34 md-ft.s A more dramatic cxarnple of the lossof fracture

conductivity with reservoir pressurewas seen in the reservoir performance

of the three Tex Harvey WCIISdiscussedin the intmsfuction. if ihcscwells

lost reservoirpressureat a rate of 0.59 psi/day for wcllson 80 acre spacing,

this equatesto a drop in pore pressuregradient from .327 psi/fl to .28 psi/fl

in 18 months.!This correspondsroughly to the flow period of the three Tex

Iiarvey wells prior to cessation of flow rales from an essenlially

unstimulated completion. The ,28 psi/tl pore pressure gradienl also

correspondsto the maximum pore pressuregradient encounteredtoday in

80 acre iedili development in the Sprabemytrendl Warpinski, Teufel, and

Graf ( 1991) observed a relationship between effec!ivc stressand natural

fracture conductivity in the laboratory. with dccreaxes in pore pressure

resulting in decreases in perrneability?” A similar phenomenon was

reported by Canadian Hunter in Ihe Wtkken Shale, where frachsrv.

conductivity was observedto be direcdy retgtedto pore pressure.w

A confusingissuehas been the observationof fractured reservoir bebavior

during drilling, logging, and stimulation. Drilling and loggingarc normally

conductedwith a! least a .433 psi/ft fluid gradient., and stimulation is often

performed with a .55 to .65 psi/ft fluid pressuregradient. Although it is

apparentthat the natural fractureswere open during Ihese operations,they

wem clearly no Iongcr @cn wtren normal re.xervoir conditions were

restored. Ilris obscrwion allows us to shift the emphasis from natural

fracture permeability to matrix penrwability in [he development of a

productivity model.

IMermbdsxr of MatrixRrmeability

Ilre two parameterssought from an analysisof the matrix arc pcnnctttrility

and pay thickness, A link hetwccnpay thicknessand productivity was first

suggestedby Guevara turd Tyler (1986). Ttwy demonsmtled a strong

correlation between WCH preductiviiy turd xund thickness.1~ Several

examples have been published linking porosily ml core permeability.

Oguen and Locke ( 19S2) presemcda scmilog PIOIof core porosity vs tore

permeability for (he Upper Spraberry.n Their correlation Iinkcd 10

percentcore porosity 100,68 md core permeability to air. Gucvsra ( 1988)

presented a comparison of core porositics tmd Penneahilitics for the

Spratwry Driver Unit,}o The correlation made from !his core data linked a

core porosity of 10% to a nmgc of 0.16100.18 md, Allhougb helpful in

providing an upper Iimil, these values arc to air al surfaceconditionsand

not dlrecdy correlative to in-siUI penncabili[ies (o reservoir fluids, Several

authors have presented correlations to adjust surface values to in.shu
v~ue~, MU.SSM new we~ primarily done in single phase !Ight gas

reservoirswith smwed core data, 7?reSpraberry producesoil, water, and

gas, anti stressed core data are not readily tivailahle. The source of

permeability data suggested in this cnvironmem is with a dynamic

....= ,.
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measurementobserving the pressurt?transient responseof the reservoir to

either a pressure buildup or by his{ory matching to the drawdown

representedby the decline curve.

Dyes and Johnston(1953) observed permeabilities of 0.36 to 6.9 md to

reservoir fluids when the Sprabcny had virgin reservoir pressures.” it is

likely that the measurements obtained were a combination of fracture

permeability and matrix permeability. Elkins and Skov (1%2) obwrved

apparent effecli~~epenneabilities of from 005I md to .076 md in buildup

testsconductedafter the frac:urc syslcm had closed? While establishing

an approximate range of effcclive frermeabilides 10 expect, ltrse

observations fall short of establishing a direct quantitative relationship

between measured porosity and dynamic test pe~mcability. This can be

bestdone with the dirtct integration of well logswith well tests.

Howard (1988) demonstrated that a reasonable correlation could h

obtained bctwccn well test kh and well log kh using a modified Coates-

Denoo relationship in the Travis Peak3Z Barba, Chancy, and Darling

(1991) demonstrated Ihal WCII log kh data calculated from the Coatcs-

Denoo porosity-permeability relationship can be correlated to well test kh

in tbe Miocene and Wilcox, ’536 Ahquith (1989) proposedthe useof the

Fed] (1975) relationship for water salutation and effective porosity in the

Sprabeny?7 ‘s The effective porosity is based on a non-linear shale

correlation and a bulk density measurcmctw The equationproposedto link

porosityto cffec[ive permeability in the Spraberrytrend is

k= ((C ●PIUI@ ● (PHIDC-BVWisT)llWWisTp (1)

The log derived kh from F4 i can dren be compared to effective

permeability.thickness from a dynamic mcasuretnem.The “C factor can

be varied until a match was obtained between [he dynamic kh estimateand

the log derived kh estimate.

‘llw determination of a dynamic kh estimate is lessdirecI. Tttc tecbniqtsc

employed by Howard (1988) and Ref. 36 relied on obtaining permeability

data from transient pressure analysis,”~ Well tests to determine

permcahility arc rarely conducted in the Spraheny/Dean either before or

after stimulation. A series of post-fmc pressurebuildup testsin the Wan

and Upper Wolfcamp were analyzed by Barba (1988).39llte wells wme not

in psmsdoradialflow even after I I to 14 days of testing, Pos(s(imuladon

mestsurementsisdded the additional variables of fracture Icngth and

conductivity 10 the {est inte!prctalion equations, and without pre.f:ac

buildup data the uniquenessof the post.frac analysiswas hr question,Due

to this uncertainty, the principal me[hodof analysisu(ilir.ed in Ref. 39 was

a history match to production drawdown using assumptionsof fracture

gcomcwy, two dimensional hydraulic fracture models, and a finite

crmducdvity productionmodel, The abilhy of the two-dimensionalmodels

to accumtcly model the geometry of the frwcurrehas hemsqucslioncd in

areas where insitu stress barriers are known to bc weak$o Subsequent

analysis of the WCII data,xelused in Rcf, 39 suggestedthis was the case hs

the Dean, and that the fraclure treatmentswere not conffrted. ~is study

utilized o ihrec.dimensional hydraulic fracture shrulator to rcffnc the

historymatch and obutina new range of pennesrbllityvhtes,

The dtwsthat were available on thesewells irwludcdopenholelog dala, full

wave sonic data, sdmulalion data, and productiondata, Five wells were

evalualed, with four hr the Dean In Midland County and one In the

Sprabwy/Dearr in Marthr County, Wells 1 and J had after frac water

srsrvcysavailable In addition to the above data, Strew distribution was

calculated on all ; wells using a Transverselyelustic model and a modified



fracture mechanicsmodel for frac pressttmvs. depth. ‘! TIM digitized logs tlds should provkfe an upper fitzdt for what could be expected, With thks

werv analyzed using the formation evaluation model recommended by optimistic scenario,a well enccnnrtering2.985 md-ft of matrix permeability

Aisquitb and used E@. 1 to calculate net pay and estimate log derived shouldproduce 134,839 BO in 14 years, With a $1.2 million well ~ this

penneability$4 A pseudo 3D’ hydraulic fracttr~ simulator was used to well hasa 10.7% before tax rate of return and a discountedpayout (at 10%)

predict the length, height, width, and conductivity of the created fracture of 12.8 years. This is bard y over the 10% hurdle rate usedfor the wells in

along with a simulation of surface and bcmomhole fracture prcssurcs~z Table 1. A simulation of multiple staged hydraulic fractures was not

Ilre simulated resultswere compared to net pressuresobservedin the fteld conducted for this w+fuation, however the permeability Martsfomt

andafter frac tract!rsurveyson Wells I and J to supportthe accuracyof the proposedin@ 1 can be usedto estimate the expectedpmchtctivity, If the

model. An excellent match was obtained between {he mndel predicted presentvalue of the ex~cted recoveriesdo not exceed the presentvahte of

pressuresand field pressures. ‘fire agreementbetweenthe model predicted tbe134,839 BO in 14 years expected from the unfractured simulator, and

heightand the tracer surveyswas alsoexcellent. It was substantiallyhigher the cost is over the S1,2 million base case used, the economics will be

!han tire input height to the two-dimensional models usedin Ref, 39. Tlte marginal, ‘he bestperformance to date for a multiple stagedfracturedwell

3D motfcl lengths were substantially shorter than the 2D mdel ien8ths,. is an estimated 104,878 BCJover 24 years.

with the 3D estimatesaveraging 50% lessthan lhc 2D es[imatcs. The net

pressureresultswere compared for Wells K and L, and Wells K and L were While the economics appear to be marginal even for a multiple slagcd

wed to conduct the production history match. Well M was u.xcdto fractured horizontal well, the economics of a multiple staged fractured

illustra[c the applicability of the tcciuriqueto lhe Sprah@Dean, vertical well arc not. Tabfc 1 ilhrstrstedthe ratesof return for a 75,0@l 10

80,000 BO EUR well tobeinthe2010 25% rangewith a S450,0(X)costand

FsetdF-led $20 flat oil price. The producibility model proposedhere providesa tool to

estimate the rate of return prior to completion as a function of various

Tabke2 shows(hc input parameters trwd for {he simulations, I@. 4 shows fracture treatmentdesigns. Ref. 46 discussesthis optimization processand

the stressdistribution inputs for Well 1w the model, and Fig. 5 showsthe provides an example where it was usedto significantly improve recoveries

predictedNolte-Smith plot (Rg. 5).4?Fig. 6 showsthe predictedgeometry, in a marginal Martin County Sprabcrry/Dean prwpcct (Well M), Well M

and Fig. 7 showsthe comparisonwith [he tracer survey. Experience with was located in an area where offset wells were not paying out. openhole

over 20 previousjobs with similar pumping schedulesindicated a slightly logswere run on the well and full wave acousticdata was available for in-

positive Nolte-Smith plot up to 300-400 psi net pressure, and this was tht situ stressestimation. ‘f%edata presentedin Ref. 46 was re-processedusing

model’s prediction. F@. 8 shows the effective stressesinput for Well J. the 3D hydraulic fracture model, ‘flte optimum length in the Dean was

Fig. 9 showsthe predicted nel pressureplot. Fkg. 10 showsthe predicted determined to be 700 ft. using the permeability relationship from Ref. 39

gmmctry, ‘flte ohwrved net pressureprofdc was again in agreementwith and a 2D fracture design model. me i 00,000 gaf, per “ige pumped to

the predicted profile. Fig. 11 shows a comparisonwilh the Lracer survey achieve this design length restdtcd in an estimatedlength of 345 ft. using

nm. the 3D model. lltis wit.. shorterthan the 2D model design length, however

it was 38% to 97% lort,gcrthan the offset job predicted lengths, ‘flte offset

The asme methodology was usedon Wells K and L to predict the crcalcd job volumes (ranging from 30,000 gal to 6Q(t(Ml gat per stage) were

geometry, The inpu~sfrom the fracture simulator were input into a finite cs!imaled to create a maximum length of from 175 to 250 n. using the 3D

conductivity fractured reservoir productionmodel, and a historymatch was model. A comparison of two month production from Well M with 25

made m production using the inputs in Fig 12$~ ‘f%c predicted fracture offwt wells is shown hr Fig. 18. A comparison of estimated ultimate

lengthwas held constant,and a sensitivity to variationsin conductivity was recoveries is shown in F@ 19. Well M is expected to recover 71,500 BO,

run. Conductivity data was basedon recent Iahoramry studieswith damage compared to 31,3(N3BO for the tilosestoffset well. The offset well is not

factors varied from 50 to 90 percent, 4$ While variations in conductivity expected to pay out, while the op[imizcd well shouldpay out in 5,47 yeara

affected the initial potential over a 10 BOW) range, the effect on the with an 13.22% beforv tax rate of return, his was Lra.wdon a $500,000

overall 18 month production decline curve was minimal once the well cost to account for the added cost of openhole evaluation, rig Ome,

conductivity exceeded 200-300 md-ft, This is seen in I@. 13, The history and the larger job size, “Whilenot 8 spectacularrateof return, the WCIIwas

match for Wells K and L ctut be seenin Fkg14and l?g.15. ‘flte relationship in an area where offset WCIIShad negative ratesof mtum, The comparison

proposedfrom ~he history match is shown in Fig. 16, Tbc pcnncahility suggcs(sthat the economics of a Sprabcrry/Dean wr?llcan be impmvcd by

Iistcd is the permeability to Iotal fluid production, applying the optimization mchniqum in vertical WCIIS,

IISOsr?study area, [he cffcctivc poros’ y in the best Dean sandranged from Cortcluaiotts

8.5% to 14,5%, with a maximum Ihicknesstrf 5 fl, If theseporositywtlucs

are entered into m. I and Ihc rcsttluantpermeability valuesam then input Notw of the eight horizontal attemptshave been economic SUCCCSXCS,lltc

into a simulator. the estimated 14 year cstimalcdcttttttdativcproductioncan horizmttaiatlcmpts have helped confhmtthe orientationand conductivityof

be seen in Fig. 17, Tbc simulation assumesa 1600 ft infini[e conductivity the nahn’al fracture trend. TIM attempts have demonstratedthe value of

drainhole, vertical permeability equal 10horizontal permeability over the 5 fully characlerizhtg a reservoir prior to attemptingan expensivecompletion

ft. reservoir interval, and zero skin, The ctnnulativc productionestimates effort, With the porosity.pemtcability rcla!ionshipproposedin this study,a

can be compamd to the pcrtormancc of Wells B and D, The average more complctc characterization can now be made, An estimate can be

permeability thickness erwountcrcd in offsets 10 Wells B and D ranged made of vertical well productivity given various stimulation treatments,

from 0,1 to 0,3 md.tl, This compares 10 recoveriesof from 15,000 BO 10 and the oplimum complctkm design can be aclccled based orI a rate of

33,000 B(3, or the range expcc[ed from Wells B andD (WCTabfe 1), returncriterion. An optimized vertical completion k recommendedin lieu

of horizontal completions in the Spraherry trend,

FQ. 17 also demonstrates[he nwxftnum penncabillty thicknessexpected

from this maximum porosity, It is unlikely that any of the WCIISwill

encounter5 ft. of 14,5% porosity and 2,985 md-tl of penncability, however
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