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Summary. Between 1932 and 1986, more than 3,000 new wells were drilled in the Sprab‘er_ry trend in west Texas. ‘All these wells
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 wells drilled in Midiand County was studied with use of data from geological

mapping, cores, openhole logs, postfracture 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

can be determined with an internial rate of return (IRR) method.

Introductlon -
Hydraulic-fracmre-treatment volumes have been increasing over

the last decade in the Spraberry trend. A review of completion- |

card data for 77 wells completed in the Upper Spraberry, Lower
Spraberry, and Dean formations in Midland County between 1975
and 1982 was conducted. Of these wells, the average fracture fluid
volume was 154,420 gal [585 m?] per well. A similar analysis of
36 wells completed in the same area in 1986 mdrcated the > average
fracture fluid volume per well was 179,300 gal [679 m>]. This rep-
resents a-16 % 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 in-
dicate a possible correlation between treatment volume and cu-
mulative production in comparable offset wells. Bucy and
Halapeska! found a positive correlation between treatment volumes
and cumulative production in a study of 37 wells in the Ackerly
Dean field. Barba? corroborated this in 2 study of 212 wells drilled
in Midland County. Foe!® agreed in a study of 116 wells in Reagan
and Upton Counties. Hoel also found a positive correlation between
smaller perforated intervals and cumulative production. In a 21-
well study in the Dean formation in Midland County, Barba* found
that well performance could be improved by incorporating in-situ-
]r;tress data into the compietion design, thus controlling fracture
eight.

These studies suggest that larger stimulation treatrients are war-
ranted in the Spraberry trend. At some point, however, the cost
of increasing the treatment size exceeds the present value of the
incremental revenue. An optimum length exists for each well on

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

optimum length, it is necessary to obtain a good reservoir definition
with a combination of pen-ophysrcal and reservoir data. Pressure-
transicnt analysis before and after the fracture treatment should be

included in this process.”

The primary objective of this study is to define this crmcal pomt

for a group of Midland County Dean formation wells through the
use of petrophysical, transient-pressure test, production-decline
forecasts, and the total well IRR. On the basis of this criterion,
the optimum geometry for the Dean formation in southeastern
Midland County indicated a propped length between 800 and 1,000
ft [244 and 305 m]. . )

‘Methodology

To define the optimum fracture-treatment geometry for the Dean
formation in southeastern Midland County, the following method-

ology is used.

1. The reservoir is described by the use of geological, openhole
wireline, and pretreatment pressure-transient data.

2. With a fractured-reservoir production model, production
declines are extrapolated for a reasonable range of reservoir pa-
rameters, fracture Iengths, and fracture conductivities.

3. The extrapolated production declines and the resultant benefits
are compared with the cost of obtaining the various fracture lengths
and conductivities. The optimum georetry, based on an investment

" criterion of NPV or rate of refurn, is then identified.
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4, The pumping schedule required to obtain this geometry is then
determined with a hydranlic-fracture simulator that has predicted

net pressure increases in the past. A model resemblmg the Perkins
and Kern® geometry is presumed. The net pressure increase ex-
pected from this schedule is then compared with the in-situ-stress-
derived pressure limits of the boundary rock. If the net pressure

increase required to obtain the optimum economic geometry is

1At

higher than the rock will allow, then a return to the previous com-
parison step is indicated. The next-smaller alternative that stifl meets
economic objectives is chosen. The caleulation is repeated until 2
geometry that is both economical and practical is obtained. The re-
sults of the fracture treatment are evaluated with a pressure-transient
test to determine the actual geometry in place. If necessary, the
models are refined for application to future wells. . :

Defining the Reservoir

The Spraberry trend covers > 160 sq rniles [>414 km?] of the
Midland basin in west Texas (Fig. 1). It can be divided vertically
into three sequences: the Dean, Lower Spraberry, and Upper
Spraberry formations. Each consists of several hundred feet of in-
terbedded shale and carbonate overlain by sandstone and siltstone.
The siltstone was deposited in a submarine fan environment, with
the axis of the fan system paralleling the axis of the Midland basin
Fig. 2).7 The reservoir rack is a very fine-grained, qﬂtv sandstone
with low permeabxhty 89 Productive intervals in the Dean for-
mation are in the 4- to 10%-porosity range. Productive intervals
in the Spraberry zones range from 8 to 15% porosity. Natural
fissures exist in all three zones.

Given the low-permeability matrix and presence of natural
fractures, an important step in optimizing the stimulation is to define
the flow mechanism within the reservoir. If the fractures are the
dominant flow mechanism, then removing néar-wellbore skin is a

“valid approach. Such an approach was recommended by Dyes and

Johnston' on the basis of their observed effective permeabilities
in the 30-to-40-md range.
Ifthe low—permeabﬂrty matrix is the dominant flow mechamsm

then increasing the effective wellbore radius by creating a hydraulic -

fracture becomes important. To help establish this, a transient-
pressure test before the fracture treatment is recommended. Be-
cause the Dean formation will produce little or no fluid before stirnu-
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An alternative approach is to compare the cumulative production
of wells that lie on the submarine fan axis and the fracture-trend
axis with the cumulative production of wells that lie outside. If the
cumulative production is larger along the fracture trend, then the
fractures are probably the dominant flow mechanism. If the pro-
duction follows the axis of the sand deposition, then the low-
permeability matrix is probably the dominant flow mechanism. Fig.
3 shows the distribution of the fracture trend based on waterflood
pilot studies.8:!1 Fig. 3 also shows the distribution of the fracture
trend based on dipmeter and electrical i mlagmg data. > From this

it can be geen that ﬂ':p fmr-hrrp orientation in'the Midland/santhern- -

Martin-County area varies between northeast/southwest and
east/west. Fig. 4 shows the distributioni of the higher-cumulative-
production wells in southern Martin County. Fig. 5 shows the dis-
tribution of the higher-cumulative-production wells in southeastern

As
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Fig. 1—The Spraberry trend“(;fie;éalloway ef al.®).

Midland County.13 This should be compared with the north-
northwest/south-southeast axis of the submarine fan system shown
in Fig: 2. Fig. 6-is a map of initial potentials (IP’s) made in the

' Tex-Ha.rvey field in 1953.1% The orientation of the highest-IP welis

is clearly along the fracture trend shown in Fig. 3. The orientation
of the highier-cumulative-production wells is clearly along the axis
of the submarine fan system shown in Fig. 2. This comparison
supports the contention that the low-permeability matrix is the
dominant flow mechanism in Spraberry-trend production. This

presents a case for increasing the effective wellbore radxus by
creating a hydraulic fracture. . ,

" Transient Analysis of Prior Treatments

To define the mechanism within the reservoir further, an evalu-
ation of prior field treatments s in order. The resuits of five post-
fracture tests performed over the Dean interval are shown in Table
1. These tests were conducted after 12 to 22 months of production.
The pressure buildups were observed for a minimum of 4 days and
a maximum of 9 days. These numbers were derived by analyzing
pumping-well buildup performance with finite-conductivity type
curves and the pressure derivative. 1317 A representative plot from
the group is shown in Fig. 7. A uniqueness problem in interpre- .
tation exists because of the relatively short buildup times. To assist
in obtaining a unique match, the prefracture-treatment-matrix per-
meability range was determined by downgrading core permeabil-
ities by an order of magmtude A pretreatment transient-pressure
test is preferred, although in this case it is not practical. A direct

. measurement of bottomhole pressure (BI-IP) is also preferred over

a pumnping well test becanse the pumping well data often have some
scatter resulting from fluid-level changes not directly related to BHP.
If the permeahmty angd fracture-conductivity measurements from
the pumping well data were within reasonable limits, it was felt
that the data ware valid. The reagonahle limits for np‘rm&'!hﬂﬂ'v were
based on core permeabilities. The range of 0.02 to >0.04 md is about
an order of magmtude Iess than the core permeablhtles to air from
the same zone. This is similar to published comparisons with-an
effective overburden of 6,000 psi [41.4 MPa]. 18,12 In addition, the
fracture-conductivity measurements were close to the 100-to-200-
md-ft {30 to-61-md m] range predicted - by Pa.rker and
McDaniel. 2 .
The equation used to detemune permeability is

Kh=141.20GBu(pp/AD), < eeeeeeeenns @

where k=permeability, h=height of permeable interval, Ag={flow-
rate change, B=FVF, p=viscosity, and pD!Ap =pressure match
from log-log plot and type curve.

The height was obtained frond the openhole Iogs with an effective
porosity cutoff of 4% and a minimum sand content of 50% from
a crossplot of external boundary pressure, bulk density, and
compensated—neutron—log data.?! Compansons with core data
determined that this is a sandstone reservoir and that the carbonate
stringers have virtually no conmbuuon to reservpir storage.’

submarme-fan system,

Fig. 2—Block diagram and cross sections Ill;.-lstrating the interpreted physiographic features
and depositional environments of the Midland basin during deposition of the SpraberryiDean
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Fig. 5—Spraberry Driver unit cumulative production, Feb.
1985 (Ref. 13).

Guevara13 reached a similar conclusion. The porosity used in the
reservoir calculations was the average of all effective porosnty
. greater than the 4% minimum pay requirement. The other reservoir
parameters—e.g., gravity, water cut, GOR, compressibility, and
. v1sc051ty—were deterrmned from production data and corrected for
reservoir condmons The five wells summarized in the first
section of Table 1 all had reasonable pressure matches. The re-
sults of the time rhatch are shown in Table 1. The effective fracture
half-lengths for the wells range from 435 to 580 £t [133 to 177 m].

These were obtained from

xp=0.0162[(k/$)pe,1(tp/1), +evevnee. e e @)

where xp={fracture half—lehgth in the direction of x, ¢=effective

porosity, ¢, =total system compressibility, and t5/t=time match
from log-log plot and type curve.
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In addition to the effective fracture length, a measurement of ef-
fective fracture conductmty can also be obtained from the time
match. These comparisons are also shown in Table 1. The fracture
conductivities vary from 46 to 84 md-ft [14 to 26 md-m]. These
were cbtained from

kfb Ckaxf, et e e e e . 3)

where Cyp=dimensionless fracture conductmty, ky=fracture per-
meablhty, and p=width. -~

The lengths for Wells 1 and 3 compare reasonably with a
Geertsma-de Klerk? hydraulic-fracture model with sonic-derived
stress barriers for the fracture-height prediction (see Figs. 8 and

*9).2% In addition, the conductivities are reasonably in line with the

Iaboratory work performed by Parker and McDaniel.20 Wells 2
and 5 did not have mea.sgred in-situ-stress data, and it is not certain
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TABLE 1—SUMMARY OF RESERVOIR AND PETROPHYSICAL DATA
Well
1 2 3 4 5
Pressure-Match Data
Flow rate at test, BOPD 6 35 18 18 18
Flow rate, BWPD 1 1 5 8 4
initial potential data Feb. 1986 Sept. 1985 Nov. 1985 April 1985 Aug. 1985
_Cumulative oil at test, 102 ’ ’ :
bbl - ‘ 175 22.4 10.4 17.7 74
Porosity, %6 : 7.8 7.7 7.5 7.0 7.7
Permeable height, ft 66 58.5 63 47.5, 50
-Porosity-ft 5.21 4.50 3.33 4.73 "3.85,
Test duration, hours 143.2 114.4 231.5 189.8 141.4
Test date Feb. 1987 Feb. 1987 Feb. 1987 Feb, 1987 Feb. 1987
ppl/Ap match, x10~* 275 297 5.77 4.0 10.56°
p", psi 2,814 2,351 2,400 2,400 2,400
PWF, psi . 486 346 481 136 80
Permeability to 0.7 cp, md 0.037 0.023 0.023 0.021 0.037
) Tima-Ma}tqll Data .
Cio 5.0 55 5.0
Csp, x 1073 5.0 1.5 6.0
xe, B 459 580 435
k¢b, md-it - 84 74 ) 46
: . Fracture-Treatment Data
400-psi Ap height, ft 450 418 460
GD model x;, ft 484 386 449
©or GD model k;b, md-ft 87.6 82.9 109
Fluid type ’ PE** . XLat XLG
Fluid volume, 10° gal 110 130 160
Sand voluma, 102 Ibm 242 204> 374 7 -
*479,000 (bm 20/40 Cttawa and 125,000 Ibm ISP.
*“Palyamulsion. .
TCrosslinked gol.

b
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where a reasonable barrier existed for the height estimate. With
the prefracture reservoir aiid petrophysical inputs, these fracture-
geometry measurements allow a reasonable production forecast to
be made. From Figs. 8 and 11, it is clear that the Bonn_ isdindeed
reasonable.

The next step in the optimization process is the simulation of pro-
ductfon vs. fracture half-length with the reservoir data discussed
in this section.25-26 This will provide the cash-flow portion of the
optimization an& 27

Economic oo__:um.__uo..

The two methods used most commonly are NPV and IRR. NPV
assimes a cost of capital rate and is the difference between the
present value of all futiire cash flows and the cost of the asset. The

- . IRR method balances the inflows and outflows, then provides the

SPE Formation Evaluation, September 1989
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Fig. 9—Fracture height vs. deita _...Bmwz..m from Midland
County Dean Waell No. 1.
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" diction in the Midland County Dean {(x; =500 ft and kb =100
md-ft). . ‘

cost of capital required to obtain this balance. The JRR method

allows the operator to compare the asset’s wolonsmso.m with the
performance of other assets-the company has, and is thus a more
universal method. To provide a nmunmmougqm sarpling of pro-

mcn:ou from the field, three scenarios for permeability and porosity
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were constructed. The distribution of porosity and permeability
values for the field can be seen in Figs. 12 and 13. The lowest per-
meability encountered was 0.021 md, and the lowest porosity en-
countered was 7%. At the other extreme, the highest permeability
was 0,037 md and the hxghest porosity was 8.1%. The average and
median porosity was 7.6%, based on a sample of 35 wells. From
this range, low, average, and high porosity/permeability combi-

- mations were chiosen. The height was varied along with the porosity .

and nermeahilify valuag with thic naramatar vasring from 47 8§ 0
UG PURIGGULIITY VALULD, ¥ idl Ulo pdldilivied valy Uiy LGLULAT 7 wd W

65.5 fi [14.5 to 20 m]. This allowed worst, average, and best
reservoir-quality cases 1o be made. -
The cash inflows were determined with a fractured-reservoir pro-

duction model based on Agarwal’s work.17-19 The fracture geom-
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etried shown are withi a reasonable range_ for the field.
Fracture-length development within the Dean formation is limited
by the relatively low in-situ-stress contrast of from 200-to-500-psi
{1379-to-3447-kPa] net pressure before unacceptable height growth.

In- addition, two fractur&-conductmty values were chosen. The
maximum proppant ¢oncentration in the Dean formation is =1
Ibm/ft2 [=48.8 kg/m?], based on a maximuri propped width of
=0,10 in. [=0.25 cm]. A wider fracture is possible; however, the

ratac and vierncitise ramired tn sanarata tha width will cenerallyv
T2ICs and VISCOSIUES required 10 Sencrall (e WIG wili gencraily

result in a net pressure increase in excess of the normal in-situ-
stress barriers of 200 to 600 psi [1379 to 4137 kPa]. Fig. 8 illus-
trates the predlctcd height migration from a 400-psi [2758-kPa] net
pressure increase. Given the constraint of 1 llzmm’f‘l‘.2 [48.8 kgim?],

Drn rOImauun DVd.lud.LlULl., DEPW].IJUGJ. 1987
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the two options at the 5,000-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,1? 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
conductivity of 500 md-ft [152 md-m] on the basis of an interpo-
lation of Parker and McDaniel’s data. )

The time duration chosen for the comparison was 10 years. Fig.
14 ilustrates the cumulative production for three conductivity
scenarios. and an 800-ft [244-m)] fracture half-length. An $18 base
price for oil was chosen, with a 5% increase each year. The NPV
comparison nsed 2 15% discount rate. Gas production was assumed
to offset lease operating costs. The fracture-treatment 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- kg] crosslinked gel was the frac-
toring fluid. A 35-bbl/min [3. 56-m>/minj treatment rate was also
assumed. The volurme required to generate each length is shown
in Fig. 15. The fracture costs for each length were added to a base
well cost of $400,000 in Fig. 16. The cost of the well generally
is not subtracted if one were to make a strict comparison of fracture
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 the
revenee model and cost models in hand, 2 present-value minus
present-cost comparison ¢an be made. These are shown for an
average-reservoir-quality well in Figs. 17 and 18. The IRR com-
parison is then shown in Figs. 19 and 20 to summarize the data.

Conclusions

The dominant flow mechanism in the Dean formation is the matrix
permeability. The natural fracture system affects the IP; however,
the matrix determines the cumulative production. With a compre-
hensive set of reservoir and petrophysical data, the production from
the reservoir can be predicted as a function of matrix permeability,
thickness, porosity, and hydraulic-fracture length. The production
can then be directly related to matrix parameters, stimulation pa-
rameters, or a combination of the two. There is a strong case for
not completing wells that have a combination of low porosity, per-
meability, and thickness. The worst-case-scenario wells will provide
a maximum. 15% IRR, even with a 1,000-ft [305-m] hydraulic-
fracture length. For wells with the field average permeability,
porosity, and thickness, the IRR can be increased from a current
level of 21% af a 400-ft [122-m] fractore half-length to 32 % at an
B800-ft [244~m] fracture half-length. In the best-case wells, the IRR
can be increased from a current level of 42.5% at a 400-ft [122-m]
fracture half-length to a maximum of 57% at an 800t [244-m]
fracture half Jength.

Nomenclature - :
= fracture width, in. [cm]
B = FVF, RB/STB [res m3/stock-tank m?]
SPE Formatmn Evaluanon, Scptember 1989 |
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= total system compressibility, psi—! [kPa~—1]
C' D = dimensionless fracture conductivity
h - height of permeable interval, & [m]
k = permeability, md
kr = fracture permeability, md
Ap = pressure change, psi [kPa]j
pp = dimensionless pressure
Ag = flow-rate change, B/D [m?/d]
.t = time
tp = dimensionless time
xf = fracture half-length in the d.lrectlon of x, ft {m]

artanman M. al

B = VLQMUBLLJ, Loy [t ] |

o = effective porosity, %
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Fig. 12—Average porosity distribution for 35 wells in the Midland
County Dean (Average = 7.63%/Median = 7.60%).
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Fig. 13—Permeability versus porosity by well in the Midland
County Dean formation.
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Fig. 14—Cumulative production predictions in the Midland County
Dean (Average reservoir with optimum x;: 0.03 md/0.075 phi/54.1
h/800 x,).

Fig. 15—Fracture volume versus fracture length in the Midland
County Dean (450 ft fracture height/4 ppg max sand/30 Ib cross-
linked gel system).
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Fig. 16—Total well cost versus fracture length in the Midland
County Dean ($400,000 base cost plus frac cost/450 ft created
fracture height).
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Fig. 17—Present value minus present cost comparison for an aver-
age reservoir quality well (0.03 md/0.075 ¢/54.1 hikw = 100) in
the Midiand County Dean formation: 15% discounted CF/10 yr/$18
base.

155




—
=]

OPTIMIZING HYDRAULIC FRACTURE LENGTH IN THE SPRABERRY TREND

SPE 17280

198

154

10

Prasent value-well cost (dollars x 1000)

-150 1 L L 3 L ! L 1 3
3 4 5 6 7 8

Fracture haif length (ft x 100}

Fig. 18—Present value minus present cost comparison for an aver-
age reservoir quality well (0.03 md/0.075 ¢/56.5 hikw = 500) in
the Midland County Dean formation: 15% discounted CF/10 yr/$18
base.
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Fig. 19—Rate of return versus fracture length in the Midland
County Dean formation (20/40 Ottowa; 1 ib/ft2; kyw = 100): 10 yr
cash flow/$18 base price.
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Flg. 20—Rate of return versus fracture length in the Midland
County Dean formation (20/40 ISP; 1 Ib/ft; kyw = 500): 10 yr cash
flow/$18 base price.
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