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Two-dimensional hydraulic fracture simulators are used to design

the majority of hydmuiic fraoturc treatments in West Texas, These

models assume ● fixed hydraulic fracture Might. In many cases,

hyrtrautic fruture treatments often do not stay confined within a

fixed height as the two dimt?nsionat models assume, In the

Spmberry/Dean ailtalones of W&t Texas them are no strong

barriera to vertical fracture migration, and two dimensional models

are clearly irmppn ~ iate. Three dimensional hydraulic fracturing

simulators overcome this limitation of a fixed height by calculating

the fracturt height, The inputs required arc considerably more

involved, and the 3D models require data from both the pay sands

and boundary layers, If the mw input data am not available or if

sufficient engineering effort IS not invested the model output may

be misleading. Wireline logs can provide valuable inputs to these

three dimensional simulators, These inputs will be discussed,

along with case studies where the inputs helped oplimizs the

completion design,

llltrwiuctioo

The Sprabmy Trend of West Texas is a low permeability sibstonc

oil maervoir located in the heart of the Midland Rasin (Fig, l). It

is over 120 miles long and 30 miles wide in some portions, making

it one of tho world’s hrge$t oilfields, Well depths rmge from

7000 to 9500 f!,, whh well costs from $275,00010 S400,000, The

w’erage reserve recovery in Midland County is 70,000 BO over 25

year& 1 Most wells in the trend require hydraulic fracture

keatmenta to produce economic quantities of oil and gm, with a

typical job averaging 180,000 gal of fluid and 430,000 lb of aand.

The range of matrix permeabilities encountered is from 0.01 to

0,05 Md in the Dean to 0.1 to 0.2 Md in the Upper Sprabcrry.l

The boundary rock is primarily dirtier siltatone interspersed with 2

ft, to 4 ft thick carbonate stringers. A type log of the upper

boundary for the Dean is shown as Fig. 2. Mechanical properties

logs, tracer surveys, and pressure data ali suggest that there is

extensive verticat height growth during the treatment. A P&son’s

ratio distribution can be seen in Fig. 3. This is supported by a
post fracture radioactive tracer survey indicating the minimum

height growth of the fracture (Fig, 4). The surface treating

pressure profile and the corresponding dccreaaing prcasure on a

Noltc-Smith plot of calcdnk!d bottomhole pressure provides

additional support. (Figs. 5 and 6), Similar pressure profiles have

been observed on over 200 treatments over the last 8 years.

The mechanical properties contrast is similar to Ihc Travis Peak, a

formation studied extensively in the Gaa W&arch Institute

sponsored Staged Field Experiment. In lhe Spraberry/Dean the

pay zones have a Poiasons Ra(io of 0.21 100.22 and the bamiers

have a Poisson’s Ratio of 0,27 to 0,30, The Travis Peak sandstone

pay zones have a Poisson’s Ralio of 0,18 to 0.20 and the shale

barriers have Poisson’s Ralios of 0.28 to 0.30. The barriers in

Ihc Trakis Peak arc typicalty shales wilh a minhnum of 4 ft

lhickncas for downward growth restriction and 8 t’cct for upward

growth rcstrictlon,z The bsrriers in the Sprabcrry/Dean range

from 2 ft. to 4 ft. thick, as Fig. 3 illustrate.% The majority of the

barriers obwved are in the 2 ft. category, Baaed on these

comparisons, a Spraberry/Dean fracturo should be expected to
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enrmuntar even 18aaconftntng stress than a Tmvts Peak frecturm

(liven the volumes of work that dwuss the necessity and

applicability of ‘3D models to the Travis Peak, the Spraberiy/Dean

is an even atrongw candidate for the use of a 3D model.3

‘flm!c dimensional models have been used since the early 1980’s.

They are considerably more complex than 2D models, md

initially required the use of mainframe computers to exearte,

With advances in microcomputer hardware in the mid 1980s, 3D

models wem ported to PC p.ialforms and became mom accessible

to the practicing petroleum engineer,4 As of this date, most major

stimulation sewicc company engineers end the majority of major

oil company engirtcera have access to 3D models. Although the

3D models are readily available, a 1990 Gas Research Institute

study indicated that only 15% of all treatments were being

designed using 3D modets and that 56% of engineers rwponding

had never used a 3D model (Ptg. 7).3 This survey was conducted

to evaluate the effectiveness of the technology transfer to industry

from the GRI sponsored Staged Pield Experiment. The Staged
Field Experiment was a comprehensive study that focused on

iIItogmthuI gedogkd, petrophyddt ~dw, @ P~P@ inPUtS

to optimb 3D atimulatlon designs b low permeability gas

reaervoirm ‘IIM OIU study indicated that onty 1S% of the survey

ruspondenta felt that they had sufficient experttae to accurately

evaluats the created dhnerudons of a hydraulic fracture. The

St@ Pield Experiment provided an excetknt framework for

acquiring this expertise, and the me~ofJoIo8y employed in ~is

study is baaed on this framework.

The recommended inputs from the Staged Field Experiment for

optidzing completions am discussed by Holditch.s ‘t-he Iwo

principal inputs for t??e 3D models discussed were the

permeability-thickness profile and the in-situ stress profile, The

fii objective of this study is to demonstrate thal lhc critical 3D

model inputs can be obtained from available data hr the Sprsberry

trend, The second objective is to demonstrate thal 3t3 models can

help operators design better treatments in the SprabcrryDcsn that

will msull in improved economics for the trend.

-tht TtuW Dim@Ubd Modol @ltS

D6V610PMOI11 Or the mfOOtdwy mmCSS mfih

In the Staged Field Experiment a comprehur$ive sludy was

conducted to estimate ,pmwreability from wireline porosity data.

Over 2000 core plugs were anatyxed under simulated irt-si:u

conditions to develop a correlation thst could be used in a

permeability thickness profile,s The relationship developed in the

tiudy for aihtrmea wax

k~ NOB = 3.52*l@ * PHIB S~l (1)

where:

k~ NOB = gas permeabUity at net overburden

PHIB = Effective porosity

The conversion to brine permeability was made with ~k~following

relationship:

k#OB = ,0.52* (@ NoB)f.J3 (2)

where:

l@OB = brine permeability at net overburden

A similar technique was employed in the Spmberry Trend,l The

process involved the integration of openhole wireljne data and

production dam with the 3D hydraulk fmcture model used !o

edrrtate the cmatod fracture geometry to faciliute a histoiy match.

~~&QwM@inUeuof-ti@Wp~_t&u

due to the difficulty in obtaining usable data. One of the tdstory

matches is shown in Ftg. 8. Openhole density log and gamma ray

data were used 10 estimate the effective poroaily, and a modified

Coates-Denoo relationship was used to estimate effecthe

pcrnwability. The basic relationship used wu

k=(C ● PH3DCL2 ● (PHB3&Bwj#lvw# (3)

Wklw

k = effective pormeabildy to fluids

c =constant
PHIDCL = clean density porosity

BVW~ = Bulk Volume Water Irmduciblc

Thk permeability estimale is compared 10 the apparent effective

permeability from a combhratIon of the decline data, 3D hydmulic

fracture geometry estimate, and a 2D rmervoir simtrlator.7 An

example of the output for a Jo Mill well in Midland County is

presented as fig P@ 9, The permeability Ih}ckness profile

indicates the permeable intervals for usc in both fluid efficiency

estimates end productivity estimates in the optimization process,

The permeability to brine Is used for leakoff estimation and the

permeability to oil for producUvity estimates.
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Vatidat(on of the techniqm is the ability to predict production

declines on offset wells, Three cxamptes IM presented from

Martin, Midland, and Reagan Counties. In all three examples the

log derived kh and the estimated fracture geomeby from the

treatments pumped treatment WCUEcombined to predict the initiat

production declinM using the 2D reservoir simulator (Ftga 10=12).

Two additional example-sfrom the Dean in Midlmd County are

presented in Ref 1. In all examples the agreement is shown to be

excellent.

Dove@neol of b Ill-situ streSSPrordo

If possible, a series of microfrac treatments shoutd be conducted to

determine the in-situ stress distribution the hydraulic fracture may

encounter, This was done extensively in the Staged Field

fiPSrhtU?nt.3 In most cases this is not available, and a correlation

must be made to the information that is available, A model for

Wimating mechanical properties from petrophysical data was

fKOPO@ by H et at (1985).8 The Staged Field Experiment

mflrmed that excellent correlations could be obtained between

Pwhy- ~PUM Md MIIU SkCSStit thta.g A porodmtic

model was used that rotated an wousticatly derived Poisson’s Ratio

and pore prwsure to measured stre.sw The same input data has

been available for the Spnbeny/Deart, with severat studies

avaihbte that validated the effectiveness of the technique, loI I tI12

Tlw relationship used in the Spraber@ean is:

r?ci. = v/(1 -v)wFa + (l-(v/l-v)) ● Pp + P@ (4)

where:’.

F,G. = Fracture gradient (psilfl)

v = Poisson’s Ratio

Pp = Pore pressure gradicnl (psi/ft)

Ptec = Tectonic offset

OB~ =CNerburden stressgradient (psi/ft)

The original studies relied extensively upon the use of full wave

acoustic data,g~g however a rv-evaluation of [hc data following

anatysia of over 600 mechanical properties logs indicated a strong

comelalion between Iithology and Poisson’s Ratio, Lilhology has

always been used as a quality control on the measured Poisson’s

R?!to from the fult wave acoustic data. A summary of thess

l:o~la~o~ can be found in Ftg, 13. Based on these observed

correlations, a Poisson’s Rstio distribution can be estimated for a

Spraberry Trend well where sufficient log data are available to

identify the carbonate swingers, This can be done in the Spraberry

Trend due to the net pay and the majority of the boundary Iaycrs

behg comprised of siltstones, and the bamiers being the carbonate

stringers. In other sandstone formations with siltstone and strafe

barriem this correlation may not be vaiid due to the variation in

Poisson’s Ratio irr siltstones in other areas. Zones with high

gamma my readings may not have a significant Poisson’s Ratio

contrast with zona that have a Iow gamma ray reading, This was

observed extensively in the Travis Peak, where only the zonea with

close to 100% shale provi&d any significant stresscontrast.z

LMiology estimation can usually be done with a neutron-densily-

gamma ray combination. If a bulk density measurement is

available it CM be used to estimate t& overburden stress gradient.

If it is no~ an estimate of 1,0 psi/ft can be used. Using the inputs

of Poisson’s Ratio, overburden gradient, and pore pressure, it is

possible to estimate the in-situ stress distribution above and below

the perforations selected (Fig. 14), This esttmate CM be

calibrated to shut in or microfrac data using the ptec term in ilq. 4.

Most often this estimate is compared to the ISIP in the pay zone

and extrapolated to the boundary layers using the model. If there

is a pore presum variation between the pay zones and boundary

layers this should be incorporated as well. This is criticat at the

interface between the Dean and the Wolfcamp, where the Dean

typically has a 0.28 pore pressure gradient and the Wolfcamp

carbonate has a 0.465pm pressure gradient,

Young’s Modutus and I%actum Toughness

From the full wave sonic data and butk density data, an estimate of

Young’s MOMUS can be made as well. The relationship used in

the Sprabcrry/Desn is:

Elog =2*G ● (l+V)

G = (L34*1010)(R140B/DTS~)

E StdiC = 0.70* Hog

when!:

Elog = Young’s modulus (psi) from logs

G = Shear modulus ~osi)

RHOB = Butk density

E static =Young’s Modulus model input

The value of 70% for a dynamic to static conversion is based on

one comparison of triaxiat core measurements with log data. If the

triaxial data are available, a correlation can tM made between the

!aboralory dynamic md stalic measurement and the field dynamic

(log) measurement baaed. The 70% estimate may be high as some

data from the GRI studies indicatea 50% may be appropriate in

some cases.13 An error on the high side is conservative, though, as

the higher number will predict a narrower fracture widlh and heip

prwent premalure screenout, Although the porous pay sands,
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surrounding tight siltslo..e layers, and tight carbonate layers have a

range of Young’s Moduli from 3.0 to 8.0 E6 psi, the great majorily

of the fracture will be created in the tight siltslone layers. Thus the

average vafue for the surrounding siltstones is probably the

appropriate inpu~ and it is routinely between 4E+6 psi in the

Upper Sprabmy to 4.5E+6 in the Dean.

Fracture toughness was derived from a core test from the Dean in

the northern part of the trend. The average vahre observed was

2600 psi. Additional data are needed to confii the applicability

to the other zones. In the SFE 3 sirrwlatiorts a default vaiue of
2000 psi was used for comparison to [he cslimate of 2600 psi used

here.

Completion Da&r Conaidcrations

Pwforatioo selection

based on both log derivedPerforation recommendations are

permeability and in-situ stress bamiers. A summation of the log

derived permeability values can provide an estimate of how much

each porosity lens is contributing. The in-situ stress barriers

indicate which lenses should be drained by the propped hydraulic

fracture.

Recommended perforation phasing has been 3 SPF 120 degree

phased of 4 SPF 90 degree phased, This is to msximim the chance

that the maximum horizontal in-situ stresspiane wiii be perforated

and ‘litus the friction drop wiii be the iowest when the fracture is

propagated. The eny path from the fracture to the perforation

during the production phase is most direct as weil with this

gwme~, 14 Ttria is contrary to the common practice in the

SpraberTYTrend of iimited entry perforating over a 200 to 300 fl

gross intervaf with i2-i6 hoies al i SPF, With iimited entry

perforating over such a large intervat, the risk of creating multipie

fracturm exists, This was ob.semed in a horizontal core offsetting

a hydrauiicaiiy fractured weii by Warpinski el al (i99i). 1S

Additional discussion of this was presented by Eibei “(i99i), 16

Further evidence can be found in muiliple staged fracture

tredments in the Sprabemy Trend where the two stages arc

separated by iess than 100-200 ft (afthaugh the prcdictet fraciure

height from the 3D model is 400 fl to 500 ft). This is a routine

prsctice in Reagan County where the Jo Miii and Lower Spraberry

are often Jtaged $t!p~tei~, The net prexwe profiie on the Lower

Sprabem” stage givtx no indication of communication with the Jo

Miii stage on any of the treatments observed. A second area where

this wu observed was in Midland County in the Upper Spraberry,

On one weii the Upper Spmberry was treated in two stages only 74

ft apart with no evidence of communication on the second stage.

The weii performed sijpificantty beuer than an!; offset wells with

similar iog derived kh, indicating a succeasfui treatment The

deviated fracture theory is further supported by snatysis of severaf

core and formation imaging datsseta in the Spraberry trend, 13g.

15 presents one of these datasets from an oriented core in Reagan

County, The figure iiltrstrates the arrgie of the fractures from

horizontal or the “dip”. Fuily 58% of the “verticaf” fractures

observed had deviations greater than 5 deg “xx off of vertical in

the cores. Observations of formation imaging data from the

Spraberry suggest that 2 to 4 degrees off of vertical is common

when the “vertical” fractures are observed under in-situ conditions.

If the weiibore is deviated, this can further cause the fracture to

stray away from the wellbore. If two setsof perforations iue placed

100 ft Jpart and the weiibore deviation is one degree, the two sets

wiii be iatersily displaced by 21 inches. When this is added to a

naturaf fracture deviation of from 2 to 4 degrees, this can result in

a iateraf offset of from 5 to 9 ft between the lwo perforation SeLS

and most iikeiy separate fractures, In the Spraberry/Dean it is not

uncommon to have over 300 feet between the top and bottom

perforations, resuiting in a 26 ft lateral offset between the top and

bottom perforations if a 5 degree deviation from verlicai is

assumed. Fsg. 16 illustrates the relationship between deviation and

the iatcrai offscL

Given the singie wing geomeq assumed in any fracturv

simulation modei (2D or 3D), this offset couid significantly

complicate the resuitant geometry. Elbel (i99 i) presented a modei

for estimating the relative distribution of fluid and proppanl in

these muitiple fractures.17 If a singie fracture is assumed and this

type of mod-ling is not done to account for possibie multipie

fractures, a significant risk exists that the iower stressed zones will

receive iarger amounts of pad and the higher stressed zones are

iikeiy to screen out prematurely. If interlayer crossflow through

the wciibore during lhe pressure deciine takes piace, the potentiai

for proppamt removai exists and hence significant nesr-welibore

conductivity impairment. Perforating iarge intervais with iimited

entry thus increases the probability that lhe resuitant propped

fracture wiii not rescmbie the designed fracture in terms of icngth

and conductivity, This can be cosUy in terms of iost production in

a iow permeability reservoir,

The recommended soiution to this potentisi probiem is a

minimization of the perforated intervai, including oniy the highest

iog derived permeability interval in each stage. With the use of

the permeability thickrtess profiie, the impact of this minimimd

intcrvat can be estimated prior 10 the treatmerm In many cases,

over 80% to 90% of the perrneabitity-thicimess can be directly

opened with a reiattveiy short perforated interval (Fig, 17), This

figure dispiays data from Fig. 9 presented earlier, if the 40 ft

intervat from 8510 to 8550 is perforated over 80% of the

Permeability-thickness wiil b directty opened to the wellbore.

Most operators in the area of this weli perforate from 8320 to 8580
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or a 260 f! gross intervat. If the fracture grows vertically as

expected the remaining 10% 10 20% of the unperforated pay

should be drained by the propped fracture without perforating this

large imervsl and possibly compromising the integrity of the

created fracture.

Stress Data hlpllt to 3D MoW

The in-situ stress profile and permeability inputs are combined to

estimate the stress contrast in psi between the perforated interval

and the boundary layers. A spreadsheet routine has been designed

to accept inputs of depth, Poisson’s Ratio, and pore pressure io

output stress distribution above and below the perforated intervat.

Up to 45 depth intervats above and below the perforations are

available with the cument version of the 3D simulator, 18 and

typicatly all of these will be used in a Sprabemy/Dean design,

The spreadsheet routine is used to catibrate the estimated closure

stmas to observed stmases, A typical undrained Dean zone will

have a fracture gradient of 0.62 psi/f4 while an undrained

Spraberry zOnewitl have a gradient of 0,55 psi/~ Offsets of 0,15

am frequently required in the Dean to match observed fracture

gradien@ with a value of 0.08 is commonly used in the Spraberry.

Satldand FhddscbedukrOptimbion

The permeability d~tribution discussed earlier can be used to help

@mate the fluid efficiency of the created fracture. In tire 3D

simulator used up to 7 layers can be used to estimate leakoff.

Inputs are required for filter cake fluid loss c~fficient (CIII),

reservoir pressure, reservoir compressibility, reservoir and fracture

fluid vkcositie$ and porosity. An estimate of leakoff height vs

total height is input as well, and this is readily available from the

permeability thickness profile. A minimal value for spurt loss is

usually baaed on estimated matrix permeability. The effect of

naturaf .fracturm should not be a concern as the hydraulic fracture

should propagate in the same direction as lhe naturaf fractures.

The hydraulic fracture surface area exposed to the naturaf fractures

should be s!gnificsntty less than tie area exposed to the matrix,

An example of a typical Upper Spraberry permeability distribution

is provided in Fi@8.

The frac fluid properties are entered as well into the 3D simulator.

Vatues are entered for n prime and k prime as a func[ion of time.

With crosalinked gel treatments the values are not changed as a

function of sand concentration, The linear systems and

polyemutaion systems reqtrim a separate n prime and k prime for

each aand aUge, Exeeltent agreement with field pressureshaa been

achieved using the comelations proposed by Shah (1991),19 An

example of the effect of sand on n prime rmd k prime is ahown in

F@ 19 and 20. Prior to using these correlations, the 3D

simulations with linear gels routinely screened out prematurely

even though the jobs have been successfully pumped. With the

correlations, the jobs successfully execute and the field pressures

agree reasonably well with the predicted pmsures.

The type of fluid used varies among opera(ors in the Sprabcrry

Trend. The most commonly used fluid is linear gel, with the

polymer loading between 30 and 40 1M1OOOgal depending upon

temperature, Severat operators use polyemrdsion systems, and a

few use crosslinked systems. A 70% damage factor is used with

the linear systems and poIyemulsions, with an 8@%factor for the

crosslinked systems. The proppant conductivity Additional

research is recommended The pad volume is varied downward

until a screenout occurs, then adjusted upward to provide a margin

of safety. The optimum pad percentage varies as a function of

permeability, fluid type, and rate. In atl cases the minimum pad

volume necessary is recommended.

The optimum fluid baaed cmsevcwl comparative studies to date is

the linear gel, with the polymer loading varied depending upon

temperature. “irre relatively low viscosities result in lower height

grow’ih than the crosslinked or polyemulsion systems, and if a high

enough aand concentration is used the settling is minimized and

xiequate width is created, The linear systems are also less

expensive than the crosslinked systems. The polyemulsion

systems are lessexpensive than both water based systems, however

the additional horsepower charges cart offset the ftuid cost savings.

The rheologicsf properties of the polyemulsions are not well

characterized in the literature, particularly with regard to the

effects of sand on viscosity. The 3D model provides a platform to

evatuate the impact of each of these variables, and comparisons

can be made among (he three fluids to determine the optimum for

each situation,

Regardless of the ftuid used, it is recommended lhat as little as

possible be left in the fracture after pumping. The successof the

forced closure technique has been well documented in the

literature.20 The first benefit of forced closur: would be to

remove fluid from the fraclure, A second finding of the

horizontal core study by Warpinski (1991) was unbroken 40 lb

crosslinked gcl in the mul!iple fractures after 6 years of

production, 15 This example reinforces the objective of minimizing

the volume of fluid pumped provided adequate proppant is in

place, The second benefit of forced closure would be to shorten the

long (8- 10 hour) closure times and keep more proppant in place

above the perforations, These Iorq: closure times are supported by

field data. In one Upper Sprabemy workover a 5 PPfJ schedule

with a 30 lb linear gel at 140F was interrupted for 3 hours due to a

wellhead leak. Prior to the leak 110,500 lb of a 302,000 tb

schedule was pumped, Pumping only one casing volume of pad
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(the flush pumped after the leak was discovered) the service

company was able 10 immcrtiatcly go to SPPO again and pump an

additional 191,500 lb of proppanl prior 10 screening out. The

fracWe. had probably remained open for the entire 3 hour period

or- it-”h-unlikely- that- the-5PP0 would have been accepted-so

readily, particularly with such a thin low ef” lency fluid at the

upper limits of its temperature range. The third benefit would be

10 create a “reverse gravel pack” behind the perforations to help

minimize sand production following completion,zi Sand

production following completion is often a problcm in the

Spraberry Trend, Some operators overcome this by overflushing

the fracture treatme;t. The fact that any production is established

when this is done supports the crossflow after pumping cessation

theory proposed by Elbel.~7 The “mverae gravel pack” is most

likely taking place after the pumping ceases, with the zones that

took the majority of the treatmect ex@ling fluid to the wellbore

and then into zones thal were not pressurized by the frac fluid as

extensively during the job. Other operators overcome this by

pumping from above the top perforations. Forced closure appears

to be a better option than these lWO, even with the risk of adding

additional time and expense to the completion effort if the baffle

rings am covered with sand. These welts are assets that will

generate revenues of over $1.2 million and produce from 20 to 30

years and (based on the 70,000 BO average and associated gas

revenue@. Investing an additional $ i0,000 in rig time to ensure ail

zones are properly drained is worthy of consideration.

A possible solution to the operational difficulties of combining

forced closure and baffle ring completions is the use of the “Pine

Island” staging technique diacu~d by Holdilch,22 This would

involve the use of produced aand from the previous stage to divert

subsequent treatments, This would require maximum spacing

between perforated stages, and would be impractical wilh the

commonly used limited enlry perforation techniques with large

intervals perforated. With the limited interval perforating

technique recommended in this paper the probability of success

would be maximized. Implementation of this is being discussed

with operators at this time.

The optimum sand schedules are based on a sensitivity of fracmrc

conductivity 10 production, with permeability and fracture length

held constant. This can be seen in Fig. 21. Once a mininwm of

200-300 Md-ft is obtained the incremental recoveries am m irrirnaf.

The jobs am typicafiy designed to provide a minimum of 300

mdf~ with more if possible. There is evidence that the

permeability degrades with time in the Sprabeny trend, and that

this degradation is more severe with lower aand volumes, 23*U

The Spraberry/Dean ailtatonea are deposited in a deep marine

environment (over 2000 ft of water depth) and are extremely fine

grained. The closure stress enco,vrtered is at the higher end of the

range for 20/40 Brady sand. These two factors increase the

probability for fines 10 migrate from both the formation and from

partial crushing of the proppanl during production. It is a

common practice to gradually ramp the sand up from 1 PPO to the

finaf concentration, with a significant percentage of the sand

pumped prior to the final concentration, In tie caw of {he man

formation in Midland County, the minimum conductivity of 300

Md-ft requires 5 to 6 PPO of sand in the pump schedule. This

suggcsk+that the lower concentrations during the schedule result in

less than 300 Md-ft of conductivity, and should be more

susceptible to completely plugging off when fines migrate,

To minimize the abovemenlioned problem, sand schedutes should

be slccply ramped LOthe optimum concentration early 10 minimize

the length of the fracture that has below 300 Md-ft. In addition,

with linear and polyemulsion systems the higher concentrations

add viscosity to help maintain adequate fracture width and

minimize proppant settfing, The higher concenhations have

resulted in larger [otal volumes of sand, A typical Ihrec stage job

in Midland County in 1992 pumped 432,000 lb of sand and

180,000 gat of fluid, An optimized treatment in the same am?a

would have over 900,000 lb of sand with 240,000 gal fluid. This

is a 108% increase in sand volume while increasing fluid volume

by only 33%. These large treatments have been successfully

pumped iri both the Dean and Upper Sprabmy, In the Dean

320,000 lb of proppant was placed with 90,000 gal of fluid using a

40 lb linear system, The Dean frac was successfully pumped

without any indication of premature screenout carrying 5 PPO

sand through 66% of the pumping schedule. A graphicst

representation of the schedule used is shown in Fig. 22, To date

over 50 jobs have been pumped using the more aggressive ramp

schedule with no problems encountered in job execution,

BMroation of Intemaf Rate of Rc(urn

Using the above methodology a range of fracture treatment sizes

are simulated, With each treahnent a propped fraclure length

(defined as having more than 300 mdft of initial conductivity) and

an average fracmrc conductivity are output, Using a combination

of the permeability thickness profile and the propped fracme

height, an estimate of effective permeability thickness drained is

input 10 the 2D reservoir simulator, The PVT properties of lhe

reservoir (producinff both oil and water) are catcirlated using

standard correlalioos, From these inputs a 10 year production

decline is simulateo using the effective permeability to reservoir

fluids, Based on the expected average water cut in the area

studied, a decline f~r the oil phase is forecast. Each size treaOnent

has a corresponding cost involved, and this can be estimated

through an economic module25 or through a spreadsheet routine.

The inputa required are proppant cost, fluid cost, horsepower cost,

md miscellaneous fixed charges for each stage+ The 3D fraclure
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simulator can estimt ‘ the horsepower required to pump the slagc

in question, and th ‘t of the inputs can be obtained from the

service company or the operator, TM totat well costs arc input 10

the routine, afong with expected lease operating expenses,

severance taxes, and product pricxs, With multiple stages these

costa are allocated based on expected reserve contributions, The

output of the module is a rate of return on investment and payout

for each job size considered in each stage <Figs. 23 and 24). The

optimum job size can then be determined using the rate of relurn

Criteriri.

Fkld &Ullpk?s

Fig. 25 compares the achwt production of 17 wells to simulated

production using the log derived permeability and the 3D model

inputs of conductivity and created length, All of [he wells are in

the same field over a 4 section area and a cross section of log

derived .)ermesbility indicated homogeneity. Wells that were

drained by offmt production were not considered. The production

model was developed from correlations near lhis field, and the
ability to match production has been shown (Figs. 10-12) and Ref.

1. The log derived permeability distribution suggested a

completion was wsmanted in the Jo Mill, Driver Sand, and Floyd

Sand, with the Driver md Floyd sands in the Upper Spraberry.

The Dean wabnot productive in the area. The 3D model suggests

that a 400 ft fracture with 300 Md-ft of conductivity can be created

with i90,W0 gal of fluid and 719,000 lb of 20/40 sand, The

model suggested that 20 year production from such a fracmrc

~metfy would be 1i6,222 BO. Several wells were within 20%

of this in terms of extrapolated dectine, but many are significantly

lower. The median exfrspolated production from lhe 17 offsets

was 65,568 BO over 20 years, with a range from 30,159 BO to

87,092 BO, This is reasonably close 10 the 70,000 BO average 25

w PtiucdOn observed for atl Midland County wells.1 This

comparison indioatea significant potential for the area based on the

proper application of the 3t3 technology and reservoir inputs, This

is supported irr part by the performance of one well in the field that

was” perforated and completed using the limited interval

perforating technique and taking advantage of the deviated fracture

theory, The well was completed in two stages 74 fl apart in the

Upper Spraberry alone. All of the offsets were completed in one

single stage over a 200 ft interval. The well has performed

significantly better than offsets completed in atl 3 main sones over

the ftrsl 12 months of production,

The second example w&a an application of the 3D technology and

Ihe optimization process, The above methodology was employed

on a well in Irion County, Texas, The well was the 9ih well on a

one section lease, replacing a 80 acre proration unit well that was

pmmlurely plugged, Reduction was expeded to be in Ure 30 to

40 BOPD range baaedon off~t pcrfonnancc. The offsel 80 Mm

development wells were treated in 3 stages with an average of

32,200 gat of fluid and 82,200 lb of sand per stage. The designs

either used a 2D modct with minimaf height growth expected or no

model. Each stage was perforated with 1 SPF using limited entry

over a 519 ft average interval per stage. The optirniud design

using the 3D model recommended an average of 63,300 gaf and

126,700 lb of sand over a 126 ft infervaf per stage perforated 3

SPF 120 degree phased (Figs. 27 and 72). The production
comptison is shown in Fig. 29. The average 3 month production

rate for the 5 offset wells was 18,2 BOPD compared to 100 BOPD

for the optimized well, The combined production of all 5 offsets

was 91 BOPD, or only slightly less than the total from the

optimized well atone.

conclusions

Three dimensional hydraulic fracturing models can help operalors

optimize their completion designs in the Sprabemy trend. Inputs to

thd models can be acquired using existing technology and

modified for input using the relationships presented in this study.

The 313 model is the cornerstone of a completion optimization

prows involving the integration of wireline, reservoir, and

completion inputa. The conclusions from this integrative process

am as follows

1. The Spraber@Dean is a low perrneabitity siltstone interspersed

with thin carbonate barriers. Significant vertical height migration

can be expcctcd, and 3D hydraulic fracture models are clearly

appropriate.

2. productive intervafs can be identified using openhole log data in

the area, An estimate of permeability can be made based on

integrating openhole data with production declines, This can be

used to jmprove estimates of flow potemiat and fracture fluid

efficiency.

3, The in-situ stress distribution can be estimated from Poisson’s

ratio based on Iilhology.

4. The perforatd intervafs should be selected based on log derived

permeability and imsilu stress distribution, The perforated

interval should be kept to a minimum 10 preserve fracture

integrity, There is strong evidence that the frsclures created are

not verticaf, and multiple fractures wilt probably be created when

perforations are widely spaced.

5. The fraelure treatment should be designed using the minimum

pad volume and with sufficient proppsnt to obtain a minimum of

300 Md-ft of conductivity, This can result in sand volumes over

900,000 lb in some cases.
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6. In moat cases linear gels provide adequate pmppant transport

eapabtity if high (5-6 PPG) aand concentrations utiliad over the

majority of the aand schedule,

7. Forced ckwre and aand plug diversion should be considered to

minimize settling and to improve conductivity.

8. A mte of return and payout estimate can be obtsined by

combining the 3D hydraulic fracture model with a 2D reservoir

simulator. This ean help determine the optimum treatment design

based on maximizing internal rate of return on totaf well

investment.
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