In situ seismic stimulation shows
promise for revitalizing mature fields
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Field tests in the Elk
Hills sandstone in Kern
County, Calif., showed
that seismic stimulation
with a downhole impact
ool could increase pro-
duction,

In the test area with
two downhole tools installed, produc-
tion increased from about 1,556 b/d
in December 2003 t0 2,212 b/d in
December 2004, Since then, Occidental
04l & Gas Corp. has installed four more
of the Applied Seismic Research Corp.
{ASR) Hydro-Impact tools in its Elk
Hills field.

For several decades interest in elas-
tic-wave stimulation focused primar-
ily on acoustic and to a lesser degree
on surface vibroseis stimulation. The
third more recent technology is in situ
seismic stimulation, which uses the
downhole impact tools.'*

Regrettably, the three types of stimu-
lation often are thought of as one group
with similar objectives and results,
which is not the case.

Production

Acoustic stimulation

Acoustic stimulation tools address
near-well problems such as skin effect
using elastic waves with frequencies
ranging from 100 hz to ultrasound.*"*
The most prevalent of these tools are
based on piezoelectric,’® magnostric-
tor," '* and Coanda-effect®* generators
and 1o a lesser extent on exotic'' ™
E{'I“‘.rﬂlﬂrﬁ..

Literature reports successful cases
of successiul acoustic stimulation,* '*
nevertheless the authors believe thar this
type of stimulation suffers from severe

limitations because:

+ With few exceptions, the low-pow-
er of the wols, ranging from 10-100
kw, limits cleaning effectiveness.*”*

* The technology does not address
the need 1o measure the target Figen
frequency, for example the intrinsic
frequency of each saturated porous
medium.* * This means that an optimal
stimulation under resonance of the
porous medium is unlikely.

+ The stimulation in some cases can
damage the production zone.

* These methods do not address the
need for economic, continuous stimula-
tion of injection wells for periods of 6
months or longer.

Surface vibroseis stimulation

Seismic waves generated by earth-
quakes can increase oil production in
some wells by as much as 45%.° Also
theoretical and experimental research
shows that high energy, low-frequency
(seismic) wave fields increase oil recov-
ery and production.® "’

In the 19805, efforts to duplicate
earthquake effects employed massive
20-40 ton vibrators installed at the sur-
face above the argeted oil zone.® '™ '*
Field tests showed these vibrators
created high energy, low-frequency
elastic-wave fields that could enhance
the mobility of the in situ oil, thereby
increasing oil recovery and production
rates. The disadvantages of this technol-
ogy, however, limit its commercial use
because:

* The source is at the surface and
the target is typically a few thousand
feet below; hence, multiple reflections
of the elastic waves from the formation
strata cause the attenuation of the elastic
waves as they travel from surface to the
productive reservoir.

= Vibroseis equipment requires enor-

MOUs Amounts n‘[ energy o HIK‘I'HIL‘.

* The equipment tends to overheat
after short periods of use and develops
mechanical problems with contin-
ued use. Thus, continuous long-term
** operations are neither possible nor
plausible.

In situ seismic stimulation

Field cases and lab work performed
at the Los Alamos National Laboratories
show the benefits of in situ seismic
stimulation.*

In the feld cases, the results from
using a single second-generation tool
compared favorably to a multimillion-
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dollar hydraulic fracturing program.
Whereas the fracturing caused im-
provements in seven wells, a single ASR
impact tool caused improvements in oil
production and oil cut in 60 wells.*

The magnitude of the production
increase and water cut decrease from
the operation of a single tool compared
favorably to the results from a series
of earthquakes ranging from 5.5 1o 7
on the Richter scale.’ The only differ-
ence was the duration because an in
situ seismic tool continues to stimulate
production for as long as the wol is in
operation,

The Los Alamos Lab studies proved
thar only small pressure disturbances
of less than 0.01 psi could increase the
permeahility of the saturated porous
medium. Clearly the shockwaves car-
rying pressures of 3,000-3,500 psi at
the wave front are sufficient to dislodge
oil and hence stimulate an oil-bearing
TESErVOIr,

Fig. | shows the impact tool and
associated equipment required for gen-
erating shock waves in a borehole. The
impact tool has two slightly modified
standard tubing pumps consisting of
two barrels that contain two plungers
connected with sucker rods.

Several joints of specialized wbing
connect the two barrels.

Simultaneous lifting of the plungers
compresses liquid trapped inside the
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specialized tubing and, at the wp of
stroke of the pumping unit, the plunger
exits the top of barrel and generates a
powerful hydrodynamic shock wave
within less than 50 ms.

The shock wave moves through the
perforations and propagates through
the formation at speeds as great as
1.5 miles/sec. The shockwave has a
power ranging from 2 to 10 Mw and
a pressure at the wave front in excess
of 3,000 psi. Because the wave passes
through the wellbore casing and ce-
ment in a matter of microseconds,
it does not damage the completion.
The time is insufficient to damage the

DISPLACEMENT MECHANISMS

Dislodging droplet Fig.3a

completion or to fracture the rock.

The shockwave transforms into an
elastic wave as it travels distances of up
to 1 mile in all directions.

An operator can install the impact
tool inside the casing of an injection,
production, or abandoned well,

In an injection well, injected water
travels down the tubing and exits a
perforated sub installed below a packer.
The water then goes around the impact
tool before entering the perforation,
thus allowing the tool to operate while
injection is ongoing,

Sucker rods or corods connect the
top plunger to the pumping unit. The
installation has a standard stuffing
box on the tbing to prevent leaks of
wellbore fluids and it has a downhole
amplifier for enhancing the discharged
shock wave.

To prevent a pumping unit from en-
tt:-unlt*.ring Or 2ven apprc}athing d AerD
load, ASR codeveloped a dampening
system with engineers from a current
field installation and incorporated it as
part of the twol.

Fig, 2 shows that the pumping unit
bears a baseline load averaging 6,000
Ib on the downstroke and the load
gradually rises to 16,000 Ib on top
of the upstroke. At that moment the
“firing" occurs, the unit experiences a
momentary drop of 3,000 Ib below the
baseline load as a result of rod string

Coalescing droplets Fig. 30

Elastic wave creates movement of oil
droplet adhered to formation grains

Elastic wave creates coalescance of oil
films adhered to formation grains


















