MagTraC: { | |

Scientific Drilling .

(AT

E"A.‘E

v‘\; ;_(v‘i?

VA

L\
aYa

AV,
A VA

1), 4

* Well Interception/Avoidance
* . .

Relief well operations
* Parallel Well Pairs

* Accurate well placement using
high accuracy passive system

MWD or
Wireline




MagTraC Overview

MagTraC passive magnetic ranging comprises technologies that have applications in many
drilling operations from collision avoidance to sidetrack and wellbore recovery.

Passive magnetic ranging was first used by Shell in 1972. At that time, magnetic
technology was limited to magnetic single shots. Today, computer analysis allows us to
perform the relatively complex ranging calculations in almost real time.

Passive magnetic ranging is accomplished by measuring the magnetic field magnitude and
direction at several locations along the active wellbore. The MagTraC software processes
these measurements of the complex magnetic field that results from the combination of the
background earth (reference) field and the magnetic interference from the nearby “target”
casing string.

The MagTraC sensor package is the same as that used in Scientific’s proven MWD and
magnetic survey operations. In fact, MagTraC can be used as a “ranging-while drilling”
tool. Because MagTraC is an MWD based system, trips for specific ranging tools are not
required.

An important and often asked question is “ What is the range of MagTraC? ™.

In relief well and sidetrack operations, Scientific’s precision gyro and MWD services are
used to bring the active wellbore to within range of the target interference. This
complementary aspect of Scientific’s capabilities is an essential aspect of MagTraC
operations. A significant requirement is that surface locations be precisely known at the
start of the job. The magnetic characteristics of the target, primarily related to casing size,
are then used to pre-compute the expected interference. Then, gyro and magnetic error
models are used to insure that the resulting radius of uncertainty overlaps the expected
range of target interference. Typically, a 9 5/8” casing string results in measurable
magnetic interference at a distance of up to 50°.

For proximity detection and anti-collision operations existing wellbore surveys are used to
calculate expected interference values. Then, MWD operations are monitored to insure that
the measured magnetic interference does not exceed the expected values.

The Case Studies presented below describe sidetrack and proximity detection operations in
some detail. MagTraC has also been used in parallel drilling and relative positioning
applications.



Case Study #1

The Operator was required to drill a relief well

in order to re-enter the wellbore beneath a

fish at 1595-2172 ft MD. The original hole

had penetrated the cap rock of a CO; charged
reservoir. CO; pressure at 2172 ft MD was 3500 Ibs.
The Operator had run casing to a few feet above

the fish to seal the upper part of the original well from
this reservoir pressure.

MagTraC located the top of the fish using 31 party yp

MWD surveys. Intermediate casing was set at
1945 ft MD and drilling resumed.

Wireline steering tool surveys were used to quickly
obtain ranging data and MagTraC determined the
initial range (11’) and direction to target. Drilling
resumed with MagTraC ranging and the relief well
was steered to within 4 feet of the fish at 2089 ft MD.
An attempt was made to contact the fish near the
center of the NMDC string. Due to difficulty in
maintaining azimuth control in this near vertical
well and formation conditions, the initial attempt
passed the fish at a range of 1.7 ft to the left.
Uncertainty in MWD surveys at 90’ intervals and
sensor position behind the bit were contributing
factors.

A sidetrack was planned from 1960 ft MD. MagTraC
ranging from the original relief well gave accurate
target locations and gyro surveys provided accurate
tool azimuth in the presence of high levels of
magnetic interference permitting directional drillers
to steer to contact with the fish at 2140 ft md.
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Case Study #2

Uncertain surface location and survey quality of an existing well required that MagTraC be
used to monitor the proximity of this well while drilling a new well. The best wellplan
required that the new well pass close to the expected position of the existing well at 600 ft
MD.

The MagTraC simulation capability first generated a profile of expected interference based
on the existing survey, surface location and the planned well profile as shown in black in
Figure 1. The resulting interference “profile” is shown in Figure 2.

The directional driller monitored MWD magnetic parameters at survey and intermediate
points as shown in red Figure 2. Unexpected proximity was seen at 600-800 ft. MD
indicating that the surface location of the existing well was in error. Because MagTraC
gave a qualitative indication of proximity, drilling continued with expectation of a very
close approach at approximately 1500 ft MD.
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Significant interference was noted at 1500 ft MD and the well was nudged away from the
source of interference.



As shown below, the resulting well was TD’d well within target parameters and
significantly better designed than if conventional collision avoidance at the well planning
stage had been employed.

MagTraC ranging at TD established the bottom hole location with respect to the existing
well.
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