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Summary. Between 1982 and 1986, more than 3,000 new wells were drilled in the Sprabeq trend in west TeX8S. All these welfs

have been hydraulically fractured with ever-increasing volumes of fracturing fluids and proppant. Little work has been done to date to

establish an optimum hydraulic-fracture length. A group ‘of wels drilled in Midland County was studied with use of data from geological

mapping, cores, openhole logs, post fracture pressure-transient testing, and production declines. From these data, a model was developed

to predict production declines before completion. BY combining this with well- and completion-cost data, an optimum fracture length

ca; be de{ennined with an intenial rate h; return @RR) metho~.

Introduction

Hydraulic- fracture-treatment volumes have been increasing over

the last decade in the Sprabemy trend. A review of completion-

card data for 77 wells ‘completed in the Upper Sprabeny, Lower

Sprabeny, and Dean fonnatiorii in Midland County between 1975

and 1982 was conductid. Of these wells, the average fracture fluid

volume was 154,420 gal [585 m3] per well. A similar analysis of

36 wells completed in the same area in 1986 indicated the average

fracture fluid volume per well was 179,500 gal [679 m3]. This rep-

resents a16 % increase in volume. The average perforated interval

decreased over this period by 16% as well. Both trends (the result

of field experience) indicate a movement toward larger volumes

over a smaller interval. Several practical background studies ti-

dicate a possible correlation between treatnient volume and cu-

mulative production in comparable offset wells. Bucy and

Halapeikal found a positive correlation between treatment volumes

and cumulative production in a study of 37 wells in the Ackerly

D&m field. Barba2 corroborated this in a study 0f212 wells driled

in Midland County. HW13 agreed in a study of 116 wells in Reagan

and Upton Counties. Heel also found a positive correlation between

smaller perforated intervals and cumulative production. fn a 21-

well study in. the Dean formation in Midland County, Bzba4 found

that well perfoqance could be improved by incorporating imsitu-

stress data into the completion design, thus controlling fracture

height.

These studies suggest that larger stimulation treatments are wam

ranted in the Sprabemy trend. At some point, however, the cost

of increasing the treatment size exceeds the present value of the

incremental revenue. An optinmm length exists for each well on

the basis of balancing the cash flows involved. To determine this

optimum length, it is mecessmy to obti a good reservoir det?mition

with a combination of petrophysics and reservoir data. Pressure-

tmnsient am.lysis before and after the fracture treatment should be

included in &ii process. 5

The primary objective of thisstidy is to define this critical point

for a group of Midland Comty Dean fopation wells through the

use of petrophysical, transient-pressure” test, production-decline

forecasts, and tie total well IRR. On the basis of this criterion,

tie omimum .zeometrv for the Dean formation in southeastern

MidI&d Coun& indlca~ed a pmpp& length between SW ~d I,COO

ft [244 and 305 m].

Methodology

To define the optimum fracture-treatment geometry for the Dean

formation in southeastern Midland County, the following raetbod-

.O1OSY is used.

1. The reservoir is described by the use of geological, openhole

wireline, and pretreatment pressure-transient data.

2. With a fractired-resenmir production model, production

declines are extrapolated for a reasonable range of reservoir pa-

rameters, ffacture lengths, and fracture conductivities.

3. The extrapolated production declines and the resultant benefits

ye compared with the cost of obtaining the vtious fracture lengths

and co”d”ctivities. The optimum geometry, based on w investment

criterion of NPl? or rate of return, is then identified.
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4. The pumping schedule required to obtain this geometzy is hen

determined with a hydraulic-fracture simulator that has predicted

net pressure increases in the past. A model resembling the Perkins

and Kem6 geometry is presumed. The net pressure increase ex-

pected from this schedule is then compared with the iu-siti-stress-

derived pressure limits of the boundary rock. If the net pressure

increase req”ked to obtain the optimum economic gWmetry is

bigher than the rock wifl alIow, then a return to the previous com-

parison step is indicated. The next-smaller alternative that still meets

economic objectives is chosen. The calculation is repeated until a

geometry that is both economical and p~ctical is obtained. The re-

mdts of the fracture treatment are ewduated with a pressure-transient

test to determine the actual geomet~ in place. If necessary, the

models a,Ie refmcd for application to future Walk...

Defining the Reservoir

The Sprabemy trend covers >160 sq miles [>414 kmz] of the

Midland basin in west Texas (Fig. 1). It cw be divided vertically

into three sequences: the Dean, Lower Spraberry, and Upper

Sprabemy formations. Each consiss ofsever41 hundred feet of in-

terbedded shale and carbonate overlain by s~dstone and siltstone.

The siltstone was deposited in a submarine fan environment, with
the axis of the fan system. pamtleling tbe axis of the Mi@d basin

(Fig. Z).7 The reseryoir rtik is a very Iine-graimd; silty smdstone

with low permeability. 8,9 Productive intervals in the Dean for-

mation are in the 4- to 10%-porosity range. Productive intervals

h the Spraberry zones range from 8 to 15% porosity. Natumf

fissures exist in all tbzee zones.

GNen the low-permeability matrix and presence of mtuml

fractures., an imp@nt step in optimizing the stimulation is to define

the flow mecbaniim within the reservoir. If the fractures are the

dominant flow mechanism, then removing nia-yellbore skin is a

valid approach. Such an approach was recommended by Dyes and

Johnston10 on tie basis of their observed effective peimeabilities

in the 30-t040-md range.

If the low-permeability matrix is the dominant flow mechanism,

then increasing the effective wellbore radius by creating a hydraulic

fracture becomes important. To help establish this, a trtmsient-

pressure test before the fracture treatment is recoinmended. Be-

cause the Dean formation will produce little or no fluid before simu-

lation, this is not practical.

An alternative approach is to compze the cumulative production

of wells that lie on the submyine fan axis and the fracture-trend
axis with the cumulative production of wells that lie outside. If the

cumulative production is larger along the ffacture trend, then the

fractures are probabIy the dofinant flow mechanism. ff the pro-

duction follows the axis of the sand deposition; then the low-

permeabtity ma@ is probably the’dbmimmt flow mic@ism. Fig.

3 sliows the distribution of the fracture. trend based on watei’flobd

pilot studies. 8,11 Fig. 3 also shows tie distribution of the fracture

trend based on dipmeter and electrical imaging data. 12 From this

it can be seen that the’ f?cture orientation imthe Midlandlsoudmm-

Martin-County $& vqies betiveen nm’themt/soWhwest. and

eastfwezt. Fig. 4 shows the distribution of the h@er-cumulative-

production wells in southern Math County. Fig, 5 shows the dis-

tribution of the higher-cumulative-production we~ in southeastern
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Fig. l—The Spraberfy trend (after Galloway ef af.a).

Mid@d County. 13 This should be compared with the nmtb-

nortbwestlsouti-?utbeast axis of the submarine fart system shown

in Fig! 2. Fig. 6 is a“”niap of initial potentials (P’s) made:in the

Tex-Harvey field in 1953.14 The orientation of the bigbes-lp wells

is clearly along @e fracture trend shown in Fig. 3. The &ientation

of the higher-cuniu3ative-production wells is clearly along the axis

of the submarine fan system shown in Fig. 2. This comparison

3UppWtS tie contention @at the low-permeab~;ty matrix is the

donunant flow mechanism in Sprabemy-trend production. This
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presents a case for ihc~ing the effective weUbore radius by

creating a hydraidic fractare.

Transient Analysis of Prior T@atments

To define the mechanism within the rese~oir tiuther, an evalu-

ation of priok field treatments is in order. Tbe result?. of five post-

fratire tests performed over the DeaII interval are shown in Table

1. These tests were mnducted after 12 to 22 months of production.

The pressure buildups were observed for a minimum of 4 days nnd

a maximum of 9 days. The numbers were derived by analyzing

pumping-well buildup performake with finik-conducdvity type

curves and the pressure d&iivative.15-17 A representative plot from

the group is shown in” Fig. 7. A uniqueness problem in interpre~

tation exists because of the relatively short buildup ties. To a.$sist

in obtiing a unique nk+ch, the prefractur@reatment-matrix per-

mdjii,ty EWIge was determined by downgrading” core pmmeabii-

ities by an order of magnitide~ A pretreatment transient-pressure

test is preferred, although in this case it is not practical. A direct

measurement of bottomhole pressure (BHP) is also preferred over

a pmping we!l test because tie pvmp$g weU data often have some

scatter resuldng from fluid-level changes not d@tly related to BHP.

ff the pemmability and tiactnre-conducdvity measurements from

the pumping weU data were within sasonable limits, it. was felt

tbat”the data were valid. The reasonable limits for psrmeabilhy were

bad on core permeabilitie.s. The range of 0.02 to 0.04 md is about

an order of magnitide less than the core pernk’abilities to air from

the same zone. This is similar to published omiiparisom withag

effectiveoverburden of 6,031 psi [41.4 MPa]. i8J9 In addition, the

fracture-conductivity measurements w&e close to the 100-to-2@3-

md-ft [30-to-6 l-red. m] range predicted by Parker and

McDaniel.zo

The equation used to deterqine permeabtily is .‘

kh=141.2A@~(PD/AP), . . . . . . . . . . . . . . . . .. . .. . . . . ...(1)

where k=pmmeabilily, h=heigbt of permeable intwwd, Ag=flow-

rate change, B =Fw, #=viscosiw., and.pD/Ap =“pressure mntch

fmm log-log plot .md type curve.

‘fhe height was ob~ed fr?ni the operhole logs with ~ effective

porosity cutoff of 4 % and a minimum si?nd conte@ of 50% from

a cmssplm of externaI boundary pressure, bulk density, and

compensate&neutron-log dafa.2] Comparisons with core data

determined that this is a stidstone reservoir ~d that tbe carbonate

stringers have virtmlly no contribution to reservoir storage.’

A 8’

19. 2—BlOck diagram and cross secfions illustrating the interpreted physlographic features
nd depositional environments of the Midland basin during deposition of the Spraberry/Dean

ubmarine-fan system.
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Gyevara13 ~ached a similar conclusion. The porosity used iiI the

reservoir calculations was the average of all effective porosity

gE@ than the 4% minimqn pay requirement. The other re+ervoir

parameters-e. g,, gravity, water cut, GOR, compressibility, and

viscosity-were determined fmm production data and corrected for

resewoir conditions: n The five wells sunumrized in the fust

stition of Table 1 all had reasonable pressure matches. The re-

sults of the time match are shown in Table 1. The effective fracture

haff-len@s for the wells range from 435 to 5g0 ft [133 to 177 m].

These were obtained from

Xf=O.0162[(~/+)WtI(tD/t), ..; (2)

where Xf= fracture half-length in the direction of x, + =effective

pwosity, c, =mtal system compressibility, and rD/t=dme match

from log-log plot aid type curve.
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k addition to the effective fracture length. a measurement of cf.

f&tive fracture conductivity can afso b= obtain’ed from the&e

match. These comparisons are also shown in TaLile 1. The fracture

conductivities vary tlom 46 to 84 md-fi [14 to 26 md. m]. These

were obtained from

kfb=cfDhf, . . . . . . . . . . . . . . . . . . . . . . . . ...’...........(3)

where Cm =dimtisiordess fracmre &mducdviW. k.= fracmri. !xr-. . .
meabili~~ and b=widtb. ‘

The kngths for Wells 1” &d 3 comp~ reas&bly with a

Geertsmad& KlerkZ hydraulic- fiachwe model with sonic-derived

stress barriers for me fracture-height prdiction (see Figs. 8 and

9).24 fn additiori, the conduclivities are reasonably in line with fhe

laboratory work performed by P&er and McDaniel.20 Wells 2

and 5 did not have measured in-situ-stiess data, and it is not certain

SPE Formation Eval.adm, September 1989 477.
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Fig. 6–Map of 1P’s in the Tex Harvey field In 1953 (Ref. 14).
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TABLE l–SUMMARY OF RESERVOIR AND PETROPHYSICAL DATA

well

1 2 3 4 5

~ssure-Match Data

Flow rate at test, BOPD 65”””35 13 18 13

Flow rate, BWPD 5 8 4

initial potential data Feb.11986 Sept.’ 1985 Nov. 1965 April 1935 Aug. 1965

.Cumulative oil at test,,103

bbl 17.5 22.4 10.4 17.7 7.4

Porosity, % 7.9 7.7 7.5 7.0 7.7

Permeable height, ft 66 5B.5 63 47.5 50

.Porosity-ft 5.21 4.50 3.33 4.73 ‘ 3.65

Test duration, hours 143.2 114.4 231.5 189.3 141.4’

Test date Feb. 1967 Feb. 1987 Feb. 19B7 Feb. 1987 Feb. 1967

pD/Ap match, x 10.-4 2,75 2.77 5.77 4.0 10.56

p’, ,psi 2,B14 2,331 2,400 2,400 2,400

PWF, psi 466 346 481 136 60

Permeability to 0.7 CP, md 0.037 0.023 0,023 0.021 0.037

Time-Match Data

cm 5.0 5.5 5.0

C,o, %10-$ 5,0 1,5 6.0

x,, n 459 580 435

kfb, red-t 64 74 46

Fraoture-Treatment Data

400-psi Ap height, ft 4s0 41 B 460

GD model x,, ft 434 396 449

GD niodel k,b, mti-ft

Fluid type

87.6 62.9 109

PE. M XLG*

Fluid volume, 103 gal

XLG

110 130 160

Sand volume, 103 Ibm 242 304’ 374

‘17%OC0 ibm 20/40 Ottawa and 125,000 Ibm ISP.

.P+mulslon.

7 Cros+inked gel, -
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‘lg. 12–Average porosity distribution for 35 wells in the Mid.

and County Dean (average =7.63%; median =7.60%).
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well

‘lg. 13—PermeablIity vs. porosity by well in the Mldlan

:ounty Dean formation.

I
0,23456 78910

,~

Fig. 14—Curn.ulatlve production predictions In the Midland

County Dean (average reservoir with optimum x,: 0.03 md,

were mnstmtted. The dis@ibution of porosity and permeability

values for tbe field can& seen in Fire. 12 and 13. The lowest cer-

meibilky encountered was 0.021 M;, and tie lowest pormity- en-

countered w~ 7%. At the other extreme, the highest permeability

was 0.037 md and the highest porosity was 8.1 %. The average and

meilian ~msity was 7.6%, based on a sample,of 35 wells. From

this range, low, average, and high porosity/penneabdily combi-

nations were ctiosen. The height was varied afong ?vbA the porosity

and permeability values, with this parameter va&ng from.47.5 to

65.5 R [14.5 to 20 m]. This aflowed worst, average, aod best

reservoirquafity cases to be made.

The cash inflows were detemiined with a fractured-reservoir pro-

duction mcdel based on Agarwd’s work. 17:19 The fracture geom-
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79. 17—Pre8ent-value minus present-cc-a comparison far an
]verage-resewoirquality well (0.03 md, 0.075 d, and 54.1

Ilkf b = 100) [n the Midland COunty Dean’ fOrMatiOn:

15%-discounted-cash-flOwl10.year{$l 8 base.

eh-ie$ shown are withhi a reasomble range. for the field.

Fracture-len~ development within the Dean formation is limited

by the relatively low in-situ-stress contraw, of.from 2C0-to-500-pii

[1379-tc-3447-kPa] .etp@surs before unacceptable height growth.

Im addition, &wo fractur&onductivity vtiues -were choien. ~e
m~IMI pmppmt doncegtmtion in the Dean formation is = 1

lbm/ft2 [=48.8 kg/m2], based on a maximum propped widti of

= 0.10 in. [=0.25 cm]. A wider tlacture k’ possibl% however, the

rites snd viscosities re@ed to generate the width will generally

result in a net pressure increase in excess of the normal imsilu-

stress barriers of ZOO to 600 psi [1379 to 4137 kpal. Fig. 8. NUS-

trates the predicted height migration from a MN-psi [275g-kPa] net

pressure increase. Given the constniint of 1 lbtn/ft2 [48.8 kglm2],

SPE Formation Kvaluadon, Septembsr 1989



the two options at the 5,0WJ-psi [34.5 -kPa] closure stress range are

20/40 Ottawa and 20/40 ISP. On the basis of measured data in this

study and an interpolation of Parker and McDaniel’s work, 19 the

Ottawa sand was estimated to have a fracture conductivity of 100

md-ft [30 md. m]. The 20/40 ISP was estimated to have a fracture

mnductivity of Soil md-ft [152 md. m] on the basis of an interpo-

lation of Parker &d McDaniel’s data.

The time duration chosen for the ,wmpmison was 10 years. Fig.

14 illustrates the cumulative production for three conductivity

scenarios and an 80C-fi [244-m] frachme half-lenglh An $18 base

price for oil was chosen, with a 5% increase each year. The WV

comparison usd a 15% discount, rate. Gas production was assumed

to 0ff3et l.ase opwadng costs. The fracture-meahnent costs assumed

that the in-situ-stress distribution allowed for a 450-ft [137-m] height

containment, as it did in the case of Well 1. With the Ottawa sand

and ISP cases, a 30-lbm [13 .6-kgj crosslinked gel was the frac-

turing fluid. A 35-bblhnin [5.56-m3/min] KeaIment rate was also

assumed. The volume required to generate each length is shown

in Fig. 15, The fracture costs for each length were added to a base

weff cost of $400,CO0 in Fig. 16. The cost of the weff generally

is not subtracted if one were to make a shict comparison of i%cture

incremental benefits and costs. In the Dean formation, however,

wells cannot produce Without fracturing. As a result, it is a

reasonable assumption that fracture and well costs are lumped

together and subtracted from the expected revenues. With tie

revenue model and cost models in hand, a present-value minus

present-cost comparison can be made. These ze shown for an

average-reservoir-quafity well in Figs. 17 and 18. The RR com-

parison is then shown in Figs. 19 and 20 to summarize the data.

Conclusimis

The dominant flow mechanism in the Dean formation is the matrix

permeability. The natural fracture system affects the P, however,

the matrix determines the cumulative production. Wkh a compr-

hensive W of reservoir and petmphysical &ta, the production from

the reservoir can be predicted as a ljmction of matrix pemieabili~,

thickness, porosity, and hydraulic-fracture length. The production

can then be directly rekted to @rix ‘parameters, stimulation pa-

rameters, or a combination of tie two. There. is a strong case for

not completing wekls that have a combination of low porosity, per-

meabtity, and tickness. The ‘worst-case-scenario wells will provide

a maximum. 15.% IRR, even with a 1,000-ft [305-m] hydmulic-

~acture length. For wells with the field average penm?abifity,

porosity, and thickness, the fRR can be increased from a current

level of z 1 % at a 400-fI [122-m] frac,tme half-length to 32 % at an

8C0-ft [244-m] fracture half-length. fn the best-case wells, the fRR

can be increase&from a current level of 42.5 % at a 400-ft [122-m]

fracture haff-length to a maximum of 57% at an 800-ft [244-m]

fracture half length.

Nomenclature

b = frtie width, in. [cm]

B = FVF, .f@/STB [res m3/stock-ta.nk m3]

SPE Fomtim Evacuation, September 1989

‘lg. 19—IRR vs. fracture length In the Midland County Dea

‘ormation (20/40 Ottotia, 1 Ibmlffz; and k,b = 100] 10-yea

:ash-ffo w/$18 base price.
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Fig. 20–IRR vs. fracture length in the Midland County Dean

formation (20/40 ISP, 1’ Ibflft 2; and k,b = 500~ 10-year-cash-

flowf$l 8 base price.

c, = tO@f SY*m cmmpressiblity, psi– 1 pa- 1]

CfD = d@ensionless fracture conductivity

h = height of permeable intervaf, il [m]

k = permeability, md

kf =. fracture pwmeability, md

Ap = pressure change, psi &Pa]

pD = dimensionless pre3sure

Aq = flow-rate change, B/D [m3/d]

,t= time

tD = dimensionless time

‘f = fy~:e ~-lw@ in the direction Of ~, ft [m]
p = Vlscoslty, Cp pas]

.$ = effective porosity, %
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bbl X 1.589873 E–01 = m3

Cp x I.0* E–03 = Pas

ft X 3.d48* E–01 = m

Ibm x 4.535924 E–01 = kg

Ib&gal X 1.198264 E +02 = kg/m3

miles x 1.60!? 344* E+OO = kin

psi X 6.g94 757 E+OO = kpa

psi-l X 1.450377 E-01 = Wa-l

.cmvmian M,, [, exact SPEFE
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