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Figure 1. Mounds Layout, 3-D View.

Observation Well A

BACKGROUND

Worldwide, the downhole injection disposal
of hazardous and non-hazardous waste

has proven to be an economically sound
and environmentally attractive solution.In
the oilfield environment this is primarily
drill cuttings, mud and other effluents.
Disposal of drill cuttings from offshore,
arctic,and other remote or environmentally
sensitive locations have great economic and

environmental impact on field development.

In any location, the transportation of such
wastes has the potential for accidental
spillage of materials in environmentally
sensitive locations such as waterways or
wetlands. While disposal injections have
proven successful in exploration and
production (E&P) operations, additional
potential for this technology includes
Naturally Occurring Radioactive Material
(NORM) waste and waste that is commonly
generated at chemical, refining, municipal
sewage, CO2 Sequestration, and Superfund
sites. Convincing the regulatory community
that this method for waste disposal is safe,
reliable, and permanent is necessary for this
to become a commonly accepted solution.
Positive assurance of waste containment
can be made through continuous direct
diagnostic monitoring techniques such as
tiltmeter and microseismic mapping.

One such pilot project to prove the
underground disposal technique was
the Mounds Dirill Cuttings Injection Field

Microseismic Well

Injection Well

Experiment which was a joint-industry
project. The project was conducted at the
Mounds Test Site in NE Oklahoma to improve
the understanding of the mechanics
involved in the downhole injection of

drill cuttings. The objective of this project
was to develop a better, more unified
understanding of the injection process

from which predictive models could be
formulated and monitoring procedures
developed.The experimental program
included the deployment of fracture
diagnostic “mapping” tools to determine the
size, shape and orientation of the created
hydraulic fractures.

The diagnostic techniques employed were
microseismic mapping, surface tilt mapping,
downhole tilt mapping, surface monitoring
of the injection fluid pressures and volumes,
borehole-image logs and tracer logs.
Deviated intersecting wells were drilled and
cored across the injection zones to provide
direct visual evidence of the fractures

to verify information inferred from the
diagnostic measurements. More detail on
this project can be found in SPE 63032.

The Mounds project was done in three
phases:an injection well and two offsetting
observation wells were drilled (see Figure
1). Downhole cuttings-slurry injections were
performed on both the Wilcox sandstone
and Atoka shale formations, entailing more
than 20 independent injections into each
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formation while mapping the created
fractures from the observation wells.
Following the injection tests, coring was
performed through the mapped disposal/
fracture zones by sidetracks from the
southern observation well.

PINNACLE PERFORMS

The injection tests in both formations were
monitored using a surface tiltmeter array

as well as a downhole tiltmeter array which
was positioned in the northern offset well.
The microseismic instruments were placed
in the southern monitor well, allowing a
comparison of the frac geometries measured
by each technology.

Wilcox Sand Core-Through. Wilcox Core
No. 1 cut approximately 93 ft of 4" core 58
ft from the injection well at an angle of 45°.
The core encountered 21 (vs 22 mapped)
hydraulically induced fractures extending
out from the injection well at azimuths

agreeing with tilt measurements and Core
No. 4 encountered 9 fracs, again agreeing
very well with tilt measurements. All of the
fractures seen in the core fell well within
the area identified by the microseismic,
surface and downhole tiltmeter mapping,
providing an excellent physical verification
of all 3 technologies.

RESULTS

Figure 3 shows the excellent agreement
between tiltmeter and microseismic
measurements as well as the relative
location of cores in the fractured intervals.
The number of fractures seen in each

core agrees with the number of fractures
measured in each interval from tiltmeter
heights, lengths and azimuths. When
injecting any sort of waste underground,
doesn't it make sense to use these
technologies to verify secure containment
within the targeted disposal zone?
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Figure 2. Plan View of Fracture
Orientations for all Wilcox Injections
(Tiltmeter measurements are green
and microseismic events are shown
in orange).

Figure 3.Composite Results of Tiltmeter
and Microseismic Mapping of Wilcox
Injections (side view).
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