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Horizontal drilling and continuing 
advances in hydraulic fracturing have 
made the Barnett Shale formation of 
north Texas one of the great recent 
success stories in gas production and 
a showcase for tight-reservoir develop-
ment technologies. Yearly production 
from the north-Texas Barnett Shale, 
officially called the Newark East field 
by the Texas Railroad Commission, 
grew to 1.1 Tcf of gas equivalent in 
2007, making it second in size only to 
the Panhandle-Hugoton field among 
US producing gas fields. Cumulative 
Barnett production from 2000 onward 
now exceeds 4 Tcf. 

The north-Texas Barnett Shale 
extends over 5,000 square miles and 
at least 17 counties, with the core areas 
lying within Denton, Tarrant, and Wise 
counties. While the formation can be 
found at depths as shallow as 3,000 ft 
in some areas, it primarily appears 
between 7,000- and 9,000-ft depths. 
Pay-zone thickness ranges from 100 to 
1,000 ft and averages 300–500 ft. 

Notably, shales like the Barnett once 
were seen mainly for their role as bar-
riers that trapped hydrocarbons in 
other rock or were useful for contain-
ing secondary-recovery repressuriza-
tion or fracturing operations. They 
were seldom considered producible 
formations because of shale’s low per-
meability, making it difficult for flu-
ids to move within the rock and, 
thus, for hydrocarbons to flow to the 
wellbore. Matrix permeability in the 
Barnett is extremely low, ranging gen-
erally between 10–7 and 10–9 darcies. 
Partially improving the permeability is 
the presence of interbedded silt- and 
sand-sized particles. 

The Barnett Shale was believed to be 
hydrocarbon-rich even before a discov-
ery well was drilled by Mitchell Energy 
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Fig. 1—A Devon-operated rig drills a well in the Barnett Shale near 
Decatur, Wise County, Texas. (Image courtesy of Devon Energy.)
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in 1981. Nonetheless, development 
activity had to wait another decade or 
more and did not attain any momen-
tum until the late 1990s.  

With the extremely tight formation, 
the use of fracturing to break up as 
much reservoir rock as possible was 
a necessity. At first, Mitchell’s devel-
opment strategy consisted of drilling 
vertical wells completed with massive 
hydraulic fracturing treatments, using 
crosslinked gels to transport from 1 to 
1.5 million lbm of sand proppant in the 
formation. In 1997, with the success 
that another operator had experienced 
with slickwater fracturing (water-frac) 
technology in the east-Texas Cotton 
Valley formation, Mitchell began to 

apply slickwater fracs in the Barnett, 
with impressive results. 

“Really, the big driver was the cost; 
water fraccing reduced the cost of a 
well by 25%,” said Eugene Fielder of 
Devon Energy, which acquired Mitchell 
in 2002 and is by far the most active 
operator in the Barnett (Fig. 1). “With 
the water-frac technology, we pumped 
larger volumes of fluid—treated only 
with friction reducers and biocides—
and smaller amounts of sand, probably 
100,000 lbm in an average treatment. 
The use of water fracs enabled us to add 
the upper Barnett to our well comple-
tions, which we couldn’t have justified 
economically with the more expensive 
massive hydraulic frac jobs. Including 

the upper Barnett formation contributed 
20 to 25% to our reserves in the Barnett. 
Within a year or two, we switched 
entirely from gel to water fracs.”

The possibility of improving the 
shale’s development economics by 
means of horizontal drilling to multi-
ply the level of wellbore contact with 
the reservoir was evident. Mitchell had 
drilled a lone horizontal as early as 
1991, which Fielder describes as “kind 
of a science project.” After shifting 
to water-frac treatments, the company 
drilled a couple of more horizontals in 
1998. However, it was not until 2002, 
after Devon’s acquisition of Mitchell, 
that horizontal drilling began in ear-
nest. Today, it is virtually the exclusive 
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Fig. 2—Barnett Shale fracture treatment in progress, with the skyline of Fort Worth, Texas, visible in the back-
ground. (Image courtesy of BJ Services.)
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drilling method used in the Barnett, 
with horizontal sections ranging from 
1,500 to 4,500 ft. By itself, Devon has 
drilled more than 1,450 horizontals 
in the Barnett. Horizontal drilling not 
only improves reservoir contact but 
reduces the drilling footprint in a play 
that includes considerable urban and 

suburban landscape in metropolitan 
Dallas-Fort Worth (Fig. 2). Often, two 
or more horizontals are spudded from 
the same drilling pad, helping to limit 
the surface footprint. 

“If we had continued drilling ver-
tical wells, on 20-acre spacing or 
looking ahead to 10-acre spacing, we 

would have had a large impact on the 
environment,” Fielder said. “But if 
we could replace three or four poten-
tial vertical wells with one horizontal 
well, that would be a big plus for us 
and the landowners. And the other 
thing we were hoping to accomplish 
was to avoid fraccing into the water-
bearing zones of the Ellenberger for-
mation beneath the Barnett Shale, 
which is a risk encountered outside 
the core area of the Barnett. If we 
could do that, we could commercial-
ize the noncore area.” Previously, that 
had been a problem because of the 
insufficient barrier to contain fracture 
treatments in those areas.

Aiding development of the Barnett 
Shale in the last couple of years has 
been the use of borehole microimag-
ing tools on a number of wells. In the 
Barnett, these have been deployed in a 
logging-while-drilling mode to expedite 
data acquisition and reduce the expense 
and risk of logging in horizontal well-
bores. Resistivity measurements along 
the borehole trajectory are obtained, 
through the use of this technology, and 
locally specific directions of maximum 
and minimum formation stress can be 
determined to help optimize the ori-
entations of wellbore completions and 
fracture treatments. 

“This has helped people bet-
ter understand the stress directions 
in the Barnett,” said Valerie Jochen, 
Unconventional Gas Technical Director 
for Schlumberger, which provides 
stress measurements and overall frac-
turing services to companies drilling 
the Barnett. “They want to drill their 
horizontal wells in the direction of 
minimum stress and frac them in the 
direction of maximum stress, trans-
verse to the wellbore, which maxi-
mizes the rock surface area accessed by 
the treatment.” 

In addition, borehole microimag-
ing helps to detect existing fractures. 
This enables treatments to be direct-
ed away from areas that have already 
been fracced and in the noncore areas 
enables open natural fractures con-
nected to the water-bearing Ellenberger 
sands to be avoided. Fig. 3 shows 
fracture-geometry information attained 
from drilling-induced fractures near 
the wellbore, acquired by logging with 
the borehole microimaging tool in a 
Barnett Shale horizontal well. 

BARNETT SHALE

Fig. 3—Fracture-geometry information attained by the microimaging tool 
from near-wellbore induced fractures, where σ′=stress, σH=high stress, 
and σh=low stress. (Image courtesy of Schlumberger.)
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Fig. 4—Contrasting fracture-fairway geometries shown by means of 
microseismic mapping, confirming stress-anisotropy measurements 
acquired with a 3D sonic scanner tool, where σH=high stress and σh=low 
stress. (Image courtesy of Schlumberger.)
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Along with this technology, in some 
cases, 3D sonic scanner tools have 
been used to measure stress anisot-
ropy, the difference between minimum 
and maximum formation stress. If 
the anisotropy, or difference, is high, 
the fairway created by the fracture 
treatment will be narrow. If the anisot-
ropy is low, the fairway will be wide 
(Fig. 4). A narrow fairway would call 
for pumping a larger number of frac-
ture-treatment stages at close distance 
from each other, maximizing lateral 
coverage along the horizontal well-
bore. A wide fairway would call for 
pumping fewer stages, farther apart, 
and larger treatments to maximize 
fracture length. 

The ability to microimage the for-
mation and closely measure the com-
plicated stress variations of the Barnett 
also can be used to optimize the loca-
tion and length of perforation clusters 
to improve fracturing significantly in 
areas where stress levels previously 
have made fracture initiation difficult. 
Furthermore, noted Jerry Youngblood, 
Senior Reservoir Engineering Adviser 
for Devon, “Once we see which por-
tions of the wellbore have relatively 
high stress and which ones relatively 
low, we can design our frac stages so 
that within a stage, each perf cluster 
sees a similar stress level. Thus, each 
perf cluster is more likely to break 
down and take fluid, as we intend, 
and the fracture treatment is distrib-
uted more efficiently laterally along 
the wellbore.”

Another enhancement to Barnett 
Shale fracturing operations has been the 
introduction of acid-soluble cement for 
wellbore isolation along certain later-
als. This cement is approximately 93% 
soluble in hydrochloric acid, compared 
with less than 50% in most conven-
tional cement and in some cases less 
than 30%. “With acid-soluble cement, 
when you perforate and run an acid 
spearhead in a horizontal well, you can 
almost completely remove the cement 
sheath in the perforated area,” said Bill 
Johnson, Technical Services Adviser in 
Oklahoma City for Halliburton, which 
provides multiple services to Barnett 
operators, including fracturing and 
cementing. “Removal of the cement 
allows better reservoir contact and 
lower breakdown pressures. In some 
areas, the pressures required exceed 

Fig. 5—A schematic of a fracturing treatment undergoing microseismic 
mapping. (Image courtesy of Pinnacle Technologies.)
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the limits of the tubulars and prevent 
the use of fracture treatments when 
conventional cement is used. With 
acid-soluble cement, the 360° access 
to the shale formation—through the 
perforated interval—results in lower 
breakdown pressures, making it pos-
sible to frac wells in such areas.”       

Fractures induced in the Barnett 
Shale generally do not propagate in a 
so-called textbook pattern of two wings 
with a 180° separation. Instead, they 
tend to spread in irregular patterns and 
link with other fractures to form net-
works that become increasingly com-
plex as treatments multiply. As fractur-
ing continues to be performed on infill 
wells, it is essential to ensure that the 
treatments enter new rock, as opposed 
to portions of the reservoir that already 
have been fractured. 

A key technology used for this pur-
pose is microseismic fracture mapping. 
Geophones placed in offset wells are 
used to take seismic measurements of 
the fracturing formation as the treat-
ment is performed. “Basically, you are 
listening to microearthquakes generated 
around the hydraulic fractures,” said 
Mike Mayerhofer, Applied Diagnostics 
Engineering Manager for Pinnacle 
Technologies, one of several companies 
providing microseismic services in the 
Barnett play. Fracture geometry, frac-
ture-height growth, and orientation can 
be measured microseismically, and real-
time monitoring enables treatments to 
be directed with high precision into tar-
geted areas (Fig. 5). Danger zones, such 
as the wet Ellenberger, can be avoided. 
In addition to its real-time applica-
tions, microseismic fracture mapping 

provides valuable data to guide future 
decisions regarding lateral placements 
and well spacing.

A majority of Barnett fracturing 
treatments have used sand as the frac-
ture proppant. However, ultralight-
weight proppant has been used suc-
cessfully in some Barnett treatments. 
A proppant made from chemically 
modified walnut hulls, impregnated 
and coated with resin, has proven 
effective in a number of treatments. 
The proppant has a specific grav-
ity of 1.25 g/cm2, compared with 
2.65 g/cm2 for sand, and an average 
bulk density of 0.85 g/cm2, com-
pared with 1.62 g/cm2 for sand, and 
is usable where reservoir conditions 
do not exceed 5,000 psi net closure 
pressure and 200°F. An even lighter 
proppant—with specific gravity of 

Fig.6—A football-shaped volume of fractures in a network (lower left), which is characteristic of the Barnett 
Shale, is contrasted with a conventional bi-wing fracture system (upper left). In addition, the plan, orien-
tation, and coverage of a fracture treatment are shown in a microseismic map (right). (Image courtesy of 
Halliburton.)
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1.05 g/cm2 and an operating envelope 
of 7,000 psi/225°F—recently has been 
commercialized and now is being used 
in some Barnett treatments.

Generally, the benefits from using 
ultralightweight proppant appear 
gradually, rather than immediately. 
“Production from stimulated wells flows 
at levels that would be expected after a 
treatment using a sand proppant, but 
over time, the declines on these wells 
have not been as dramatic,” said Harold 
Brannon, Senior Adviser, Fracturing, 
for BJ Services, which has developed 
and used these ultralightweight prop-
pants in some of the treatments it has 
done for Barnett operators. 

In all, the various improvements 
in horizontal drilling and slickwater 
fracturing efficiency in recent years 
have dramatically reduced the time 
needed to drill and complete wells in 
the Barnett. “Three years ago, it took 
more than a month to drill a typical 
horizontal well in the Barnett Shale; 
now it takes about 2 weeks to drill the 
same well,” Johnson said.

Looking ahead, infill drilling will 
continue on tighter spacing in the 
Barnett, and there is also signifi-
cant potential to add production by 
means of refraccing existing wells. 
The majority of the refracturing jobs 
will be on wells that were fracced 
with the slickwater method. Because 
of slight changes in formation stresses 
that have occurred as a result of res-
ervoir-pressure depletion, as wells are 
produced, the field should respond 
favorably to well refracturing.  

“It becomes easier when you go 
in and refrac a well to contact new 
rock because of those changes that 
have stressed the formation,” Johnson 
said. “The Barnett has been shown to 
respond to refracturing a lot better 
than other reservoirs because treat-
ments tend to move to new areas of 
the formation, rather than staying in 
the earlier fracture plane.

“You have a network, generally a 
football-shaped volume of fractures in 
the formation as the treatment pro-
ceeds from the wellbore. The very low 
rock permeability, we think, is one of 
the things that will contribute to refrac-
turing response. You can’t drain very 
deep into the reservoir at nanodarcy 
permeability like that in the Barnett. 
But if you can create new fractures, 

even tens of feet away from the old 
ones, there is still a lot of gas in place to 
produce.” (See Fig. 6.)

Indeed, some wells may be refrac-
tured several times. “The drainage 
from the original gas in place is less 
than 10%,” said Bill Grieser, Technical 

Analyst, Completions and Production, 
Halliburton, Oklahoma City. “So if 
you can refracture and get another 4, 
5, or 6%, it is economic because of 
the large reservoir. A pay zone that 
is 300 to 500 ft thick can be a lot of 
gas molecules.”             JPT
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