HORIZONTAL RESOURCES

Horizontal drilling and completion methods are liberating impressive volumes
of natural gas from such carbonate and sandstone reservoirs as the Selma
Chalk, James Lime, Basal Abo/Wolfcamp, Hunton and Cotton Valley.
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Horizontal drilling
is growing rapidly
in the Ark-La-Tex
region and the
Delaware and
Mississippi Salt
Dome basins.
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horizontal tsunami is surging across the
Ai ndustry. Mature areas are awash in hor-

izontal-drilling programs, and gas is
pouring from rapidly developing resource
plays.

A stream of change has churned into a tor-
rent. Shales, led by the now-legendary Barnett
in the Fort Worth Basin, are targets across the
country.

And another class of reservoirsis sailing into
view. Limestones, dolomites and chalks were
some of the earliest targets of horizontal
drilling, as lateral wellbores worked nicely in
carbonates that were pervasively fractured. But,
after initial waves of success in such reservoirs
as the Austin Chalk, operators had to come up
for air. Fractures that held gas depleted quickly,
and ones that weren't full of gas were often
swamped with water.

Horizontal drilling in carbonates simmered
for a while, limited to localized plays that lent
themselves to simple horizontal holes.

That's all changed. Carbonates, from Selma
Chalk in the Mississippi Salt Dome Basin,
James Lime in the East Texas Basin and Basal
Abo/Wolfcamp in the Delaware Basin are
flowing their treasures to companies armed
with the latest drilling and completion tech-
nologies.

Interesting results are being reported in a
number of tight-sand reservoirs. Tight sand-
stones can offer lucrative horizontal targets, but
selecting reservoirs most amenable to horizon-
tal work can be challenging. Several North
Louisiana and East Texas operators are investi-
gating the technology closely, notably in the
Cotton Valley sand.

Hundreds of billions—even trillions—of
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cubic feet of gas are being added to the coun-
try’s domestic sources, both from reservoirs
that cannot be produced by conventional
means, and from reservoirs that deliver superior
results with horizontal approaches.

“We've seen abig jump in horizontal drilling
in the Selma Chalk, James Lime and Wolfcamp
horizontal plays,” says Robert Clarke, Houston-
based analyst, Gulf Coast upstream, for U.K.-
based research firm Wood Mackenzie. “Totd
horizontal rig counts have risen sharply in these
areas.”

Penn Virginia Oil & Gas Corp., EOG Re-
sources Inc. and Denbury Resources Inc. oper-
ate horizonta rigs in the growing Selma Chalk
horizontal play.

Selma Chalk

Penn Virginia Oil & Gas, based in Radnor,
Pennsylvania, has been working the Selma
Chalk in Mississippi for nine years. In 1999,
the company purchased Gwinville, a salt-dome
field that had been making oil and gas from
Eutaw and Tuscaloosa reservoirs since its dis-
covery in 1944,

Penn Virginia kicked off a vertical drilling
program in the Selma, an Upper Cretaceous
reservoir that's a massive, shallow-water chalk.
Early results were promising, and the company
looked for other salt-dome fields with chalk po-
tential. In 2001 and 2002, it added interests in
Maxie Field in Forrest County and Baxterville
Field in Lamar and Marion counties. Today, it
holds 26,069 net acres. 15,489 at Baxterville,
8,000 at Gwinvilleand 2,580 at Maxie.

At year-end 2007, it produced 19.9 million
cubic feet equivalent per day from the forma-
tion. The Selma chalk’s 139 billion cubic feet
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equivalent (Bcfe) are 22% of Penn Virginia's
total proved reserves.

For the past seven years, Penn Virginia has
run a brisk two- to three-rig vertical programin
the Selma. The formation, found at depths be-
tween 6,500 to 7,500 feet, exhibits two differ-
ent productive intervals at Gwinville and one at
Baxterville.

ast year, the company launched a program

to downspace its 20-acre wells to 10 acres,

and it set out to compare that effort with
the performance of horizontal wells. “We had
success in other areas drilling horizontal wells
in shales and coals, and that led us to attempt
two horizontal wells in the chalk,” says Baird
Whitehead, president.

The attempts worked, and Penn Virginia
ramped up its horizontal efforts. “We were so
pleased with results on the horizontal wells that
we' re rethinking the downspacing program. To
drain a comparable reservoir area, the horizon-
tal well costs less money, and disturbs much
less surface areathan the vertical infills.”

Significantly, the horizontals also deliver su-
perior results. each replaces four or more verti-
ca wells in initial potentials, production rates
and reserves. For atypica vertical well that re-
covers 300- to 400 million cubic feet of re-
serves, ahorizontal can deliver 1.8 Bcfe. At the
same time, a horizontal well costs 3.0 to 3.5
timesthat of avertical. Essentially, a$2-million
horizontal completion can replace $2.5 million
worth of vertical holes.

This year, Penn Virginia has one rig drilling
horizontal wells, and one vertical rig testing and
drilling out in front of the horizontals. Its 2008
program calls for 18 horizontal and 14 vertical
Selmawells.

It permits 4,000-foot laterals, but most of its
wells are in the 3,000-foot range at total depth.
The Selma Chalk at Gwinville and Baxterville
is akin to shattered
glass, with myriad
small faults. Those are
in turn bounded by
primary faults. The
company strives to
keep its laterals within
a 20- to 40-foot high-
porosity window, and
steers its wells to the
northeast-southwest,
parallel to the larger
faults. Adjustments
are continually made
to keep the laterals
within the target zone,
as the borehole crosses
small up- and down-
thrown fault blocks.

To date, the com-
pany has not em-
ployed 3-D seismic in
its chalk development.
It enjoys abundant
well control, as it has

drilled some 250 vertical wells each in
Gwinville and Baxtervillefields.

The key to achieving economic rates in the
horizontal wells is the ability to induce frac-
tures at frequent intervals along the lateral.
“Multi-stage fracs in long laterals are what
make this play work,” says Jim McKinney,
Kingsport, Tennessee-based vice president and
eastern region manager.

Each well is fraced with three to eight stages,
using the “Packers Plus’ technology, an open-
hole system of multiple external packers run on
a production liner. Fracture ports allow one in-
terval at atime to be stimulated at high pres-
sures, beginning at the toe and working toward
the hedl of alateral. The method was developed
by Canadian firm Packers Plus Energy Services
Inc. afew years ago and since has been widely
adopted by horizontal operators.

Penn Virginia' s drilling program includes
areas both within and along the limits of its
fields. “We're stepping out from the known
area with our horizontals,” says McKinney. To
date, it has drilled four successful horizontal
chalk wells; cumulative production from the
first two is four times or more that of their ver-
tical counterparts.

Penn Virginia figures it has some 500 verti-
cal locations left to drill on its chalk acreage.
That roughly trandates to about 80 horizontal
wells, which means the company can keep its
horizontal rig busy for years.

“Based on our early wells, and the promise
those wells have demonstrated, we're excited
about the application of horizontal drilling in
the exploitation of the chalk.”

The upshot? “Horizontal wells can accom-
plish the same thing as 10-acre or less
downspacing, and the horizontals ultimately
cost less and are more effective and more effi-
cient,” says Whitehead.

Left, a directional control
monitor on the rig floor
indicates position and
angle of the drillbit in a
Selma Chalk horizontal
well. Above, another
monitor on location
precisely displays the
path of the lateral.

Next page, in Baxterville
Field, Penn Virginia pipes
gas from groups of its
Selma Chalk wells to
central collection points.
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Top, Penn
Virginia is
developing Selma
Chalk in
Mississippi on
several salt-dome
fields. Center,
Jim McKinney,
vice president,
says horizontal
wells in the
Selma Chalk are
stimulated in
multiple stages
with an open-hole
packer system.
Baird Whitehead,
bottom,
president, says
horizontal wells
offer superior
results to vertical
wells in the chalk
reservoir.








