a2 United States Patent

Estes

US009411065B2

US 9,411,065 B2
Aug. 9,2016

(10) Patent No.:
(45) Date of Patent:

(54)

(71)
(72)
(73)

")

@

(22)

(65)

(1)

(52)

(58)

MEASUREMENT WHILE DRILLING
SPONTANEOUS POTENTIAL INDICATOR
USING DIFFERENTIAL MAGNETOMETERS

Applicant: Robert A. Estes, Tomball, TX (US)

Inventor: Robert A. Estes, Tomball, TX (US)

Assignee: BAKER HUGHES
INCORPORATED, Houston, TX (US)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 144 days.

Appl. No.: 14/228,831

Filed: Mar. 28,2014
Prior Publication Data
US 2015/0276962 Al Oct. 1, 2015
Int. CI.
GOIR 33/00 (2006.01)
GO1V 3/08 (2006.01)
GO1V 3/26 (2006.01)
U.S. CL

CPC . G01V 3/08 (2013.01); GO1V 3/265 (2013.01)
Field of Classification Search
CPC ............ GO1V 3/08; GO1V 3/04; GO1V 3/26;
GO1V 3/18; GO1V 3/20; E21B 47/00; E21B
47/022; GO1B 7/004; GOIR 33/00; GO1R
33/0005; GOIR 33/0011
See application file for complete search history.

permmsmss e

(56) References Cited

U.S. PATENT DOCUMENTS

3,691,456 A * 9/1972 Warren ............. GO1V 3/265
324/351
5,008,625 A *  4/1991 Chen .......c.ooe. GO1V 3/265
324/351

7,252,144 B2 8/2007 Estes et al.
2010/0155139 Al* 6/2010 Kuckes ............ E21B 47/02216
175/45

* cited by examiner

Primary Examiner — Son Le
(74) Attorney, Agent, or Firm — Cantor Colburn LLP

(57) ABSTRACT

A drilling system, method and drilling apparatus for deter-
mining a parameter of a formation at a downhole location is
disclosed. A member having a longitudinal axis is disposed in
a borehole at the downhole location. A first magnetometer
and a second magnetometer are disposed at an axial location
of the member as separate azimuthal locations around the
member and oriented tangential to a circumference of circle
in a plane transverse to a longitudinal axis of the member.
Magnetic fields resulting from a current flowing longitudi-
nally through the member due to a spontaneous potential in
the formation are measured to determine the spontaneous
potential. The parameter of the formation is determined from
the determined spontaneous potential.
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