Sushi or Chicken-Fried Steak?

PACIFIC OCEAN

THE SETTING

Gas reservoir
onshore Japan

THE BACKGROUND

Fracturing in Japan is as different from that
in South Texas as sushi from chicken fried
steak. Although hydraulic fracturing in
both South Texas and Japan are conducted
in deep, hot reservoirs, there is a dramatic
difference in quantity (alsore ectedinthe
respective typical meal sizes). More than
3,000 fracture treatments are conducted in
South Texas every year, but only a few hand-
fuls have been conducted in Japan to date.
Costly mobilization for hydraulic fracturing
makes learning quickly a necessity.

In the summer of 2001, the rst successful
multi-stage completions were performed by
Teikoku Oil Co., Ltd. and Japan National Oil
Corporation (JNOC) in a deep, hot naturally
fractured volcanic reservoir in the Minami-
Nagaoka Field, Niigata Prefecture, Japan.
This eld provides about 25% of Japans
domestic natural gas production, most of it
from the southern part of the eld through
natural completions in heavily naturally
fractured volcanic rock. In the northern part
of the eld, however, natural fractures are
not as abundant and hydraulic fracturing is
necessary.

Successful proppant placement in the
northern part of the eld has proven

nearly impossible in the past. Two previous
fracture treatments pumped more than

a decade ago failed miserably with only
about 15% of the designed proppant placed
before premature screen-outs occurred,
resulting in extremely poor propped frac-
ture conductivity and non-economic gas
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production. Post-frac evaluation showed
extremely high levels of net pressure (>4000
psi) prior to pumping any proppant.

PINNACLE PERFORMS

The classical concept of a single-planar
fracture could not explain the extremely
high net fracturing pressures that led to
early screen-outs and disappointing produc-
tion from the two wells completed in the
early 1990s. Combined analyses of the
extremely high fracturing pressure and sub-
sequent production performance strongly
suggest the creation of multiple fractures
(Figure 1):

Scenario 1. Attributing all of the eleva-
tion in net fracturing pressure to extreme

fracture tip effects (as opposed to linear-
elastic fracture mechanics) would result in
a fracture width of roughly 2 inches. This is
inconsistent with the observed premature
screen-outs, as it should have been pos-
sible to prop this fracture using Pinnacle
golf balls.

Scenario 2. Attributing high net pressures
only to the simultaneous propagation of
multiple hydraulic fractures would result

in average fracture width smaller than a
proppant grain size,and is thus inconsis-
tent with the successful placement of some
proppant.

Scenario 3. Assuming that both fracture
tip effects and multiple hydraulic fractures
play a role seems most likely. The fracture
is wide enough to accept low proppant
concentrations, but proppant placement
problems occur for higher concentrations.
The production response and subsequent
pressure build-up tests showed a vanish-
ing fracture conductivity with increased
drawdown, which is also consistent with
this scenario.

Since successful development of the north-
ern part of the Minami-Nagaoka reservoir
could signi cantly impact Japans domestic
natural gas production, a new approach to
propped fracture stimulation was needed.
In the summer of 2001, the rst success-

ful completion was performed using six
propped fracture treatment stages. The new
treatments reduced the adverse effects of
multiple hydraulic fracture propagation and
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