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A system and method are provided for delivering current to a lower exposed end (110) of a well (100) in which a source (116) of
current is connected to a middle section (106) of a well casing (102) or tubing inserted in the casing (102), with the middle section
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(106) being electrically isolated from a first or upper section (128) by an insulative coupler (120) and treated to be electrically

resistive (112). A cable (114) is attached to the middle section (106) and used to deliver current along the wall of the middle section
(106) to the lower exposed end (110) such that the lower exposed end (110) Is used to generate an electric field in nearby
geological zones. Changes In the generated electric field resulting from the nature of materials in the geological zones can be

detected by surface or below ground monitors or sensors.
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(57) Abstract: A system and method are provided for delivering
current to a lower exposed end (110) of a well (100) in which a
source (116) of current 1s connected to a middle section (106) of a
well casing (102) or tubing mserted m the casing (102), with the
middle section (106) being electrically 1solated from a first or upper
section (128) by an msulative coupler (120) and treated to be elec-
trically resistive (112). A cable (114) is attached to the middle sec-
tion (106) and used to deliver current along the wall of the middle
section (106) to the lower exposed end (110) such that the lower
exposed end (110) 1s used to generate an electric field in nearby
geological zones. Changes m the generated electric field resulting
from the nature of materials in the geological zones can be detected
by surtace or below ground monitors or sensors.

100
16 . ~
A FJ 128
(a¥) -4 S E gf\/

17 e T \ ﬁ ||
m:m_nmw_w“w:J. : B~
N==N===N=N3H i
|i;-—l||—~|1=—-||t—~l!l—l|I—!!'_: : [ |
N=H=[[407 = — — = | [ |
wﬁwﬁmﬁmﬁwﬁmﬁﬂm [ I

—MEWEMEEEQEHﬂ : :S ; :WO
I=T=M=l=0=0=F ] N S
== =0=0=180 | § | ]
lEMEM:M:M:M‘ﬁ i N
[H=tH=HI=IN={l=I1§:h ¥ N
e L st ] 7N
= T=il=l=0= 0N 7N
I=H==m=mzN el 1Y
70~ — — — = AEQ S W
—;rllmtu”wll | 1|—|—i;| JI-;-III : e | :
~iH=Hi=l == & T NT
=== 1= m—rw; ;
H==0=M=0851
um—m—m—mﬁwuf ;
=M==118/ ] §
=== LEEEs/ .
mmmmEM“y I
=I1l= ;'-';".-Q’i:j':
Ti=[Ti= 08 S :
—'||l|l”|||m||§'r| N :
1= mmm—gﬁii:
HEH1iﬁﬂ&$.
=M=
=NI=H1=T) 0
H=Ti= 1l
N=N=
|=H =176
H=lH=1) T
==l3 &
IHNM“ﬁﬁ
[BEy
% T
’_U
Figure. 3



CA 02938607 2016-08-02

wO 2015/123515 A3 MO0 A0 ORS00

(88) Date of publication of the international search report:

— b th rati the time [imit dino th
efore the expiration of the time limit for amending the 29 October 2015

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



SYSTEM AND METHOD FOR MAPPING DEEP
ANOMALOUS ZONES OF ELECTRICAL RESISTIVITY

10001 ] [This paragraph is intentionally left blank]

BACKGROUND OF THE INVENTION
[0002] This invention relates to a multi-component system and method for
deep well mapping of zones of anomalous electrical resistivity. More particularly,
the invention utilizes currently employed coated, corrosion resistant well casings to
carry an electric current down to an exposed end of the production tubing portion
at depth whereby the strength of the transmitted current is sufficient to generate
electric fields. The effect on these fields in anomalous zones proximate the end of
the well is a function of the nature of the materials in the zone, which effects can
be monitored by appropriately placed sensors.

[0003] Electric and electromagnetic geophysical methods are used to map the

distribution of electrical resistivity in the subsurface of the earth. Generally known
methods employ transmitters that induce electrical currents to flow in the ground.
T'he transmitters can be sources of electric current injected by electrodes implanted
in the soil or rock and connected to a power supply or the transmitters can be loops
of wire carrying an alternating current which produces an alternating magnetic
field that, by Faraday’s law of induction, induces an electromotive force in the

ground that, 1n turn, drives currents in the ground. In either case, the currents
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induced depend on the distribution of resistivity in the ground and these induced
currents produce secondary electric and magnetic fields that can be measured by
receivers which are usually separated from the transmitter. For instance, the
recetvers may include two separated electrodes in contact with the ground and
across which a voltage 1s measured that is proportional to the electric field at that
point. Receivers may also include a variety of sensors designed to measure the
magnetic fields that accompany the induced currents. The transmitters and
recelvers can be on the surface or in the ground.

[0004] These methods can be used to determine the distribution of electrical
resistivity in the ground. For example, the methods can be used to characterize the
layering of the ground so as to 1dentify a resistive layer that contains oil or gas, a
conductive layer containing saline water, or a clay layer that might be an
impermeable barrier for hot water in a geothermal setting, or the like. A more
specific application of such methods is to determine the size and electrical
resistivity of limited regions in the ground. Examples are zones of petroleum rich
rock 1n an oilfield that has not been drained by the existing oil wells in the field
(essentially bypassed oil), zones of electrically conducting rocks reflecting the
presence of metallic ore minerals, a zone of enhanced conductivity brought about
by the injection under pressure of a fluid mixture designed to cause a fracture or a
flurd mixed with solid conductive particles intended to keep the fracture open
(proppant), or a zone of decreased resistivity caused by the injection of carbon
dioxide for sequestration for mapping and monitoring steam or chemicals injected
to reduce viscosity and increase production from an oilfield formation. In all of
these applications, the goal is to detect and, if possible, delineate a zone whose
electrical resistivity 1s distinctly different from the resistivity of the overall volume
of the ground below the surface in a specified region (referred to as the background

resistivity).
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[0005] A specific, known transmitter-receiver configuration that is
particularly effective for detecting and delineating finite zones with a resistivity
different from the background resistivity is an electric current source in which at
least one of the electrodes 1s located at depth in the vicinity of the target zone.

This configuration 1s shown in Figure 1. This traditional surface-based
configuration employs two current electrodes on the surtace, A-B, that inject
current I into the ground. Collectively this structure 1s usually referred to as the
transmitter. Current is carried to each electrode from a power supply (not shown)
by an 1nsulated cable. Another pair of two separated electrodes on the surface,
usually referred to as a dipole, 1s used to measure the voltage drop V between two
points caused by the injected currents. This measuring dipole 1s usually referred to
as the receiver. The measurement 1s usually described 1 terms of an electric field,
in volts per meter, obtained by simply dividing the measured voltage by the
separation distance L of the electrodes. The receiver dipole usually occupies
successive positions on the surface over the target zone. A variant on this
contfiguration, to which this invention 1s directed, uses a deep electrode B' to inject
the current adjacent to the anomalous zone being investigated.

[0006] In either case, the current in the ground is distorted by the presence of
the anomalous zone. In the situation where the anomalous zone is less resistive
than the surroundings, current is deflected or channeled into the zone and the
resulting secondary fields, seen at some distance away such as in a nearby borehole
or on the surface, can be represented by an induced current dipole in the zone
whose strength is proportional to the size of the anomalous zone and the difference
in resistivity. The electric fields measured along the surface are perturbed or offset
from the value they would have in the absence of the anomalous zone. The fields
on the surface are thus composed of the fields that would be present for the

background in the absence of the anomalous zone, plus the secondary or
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anomalous fields caused by anomalous currents caused by the zone of anomalous
resistivity. The measurement of the anomalous fields on the surface permits the
determination of the depth, size and resistivity contrast of the particular target
zone.

10007 The perturbation in surface electric fields caused by a small zone is
itself small and difficult to recognize in practical field data because normal surface
field variations due to inhomogeneities in the background, and particularly due to
near surface resistivity inhomogeneities, dwarf the anomalies of deep features.
However, the goal of many electrical surveys is to detect changes in the zone of
interest over time scales appropriate to the subsurface activity. The background
resistivity can be assumed invariant over these scales and so small changes 1n
resistivity in small zones at depth can be detected.

[0008] The importance of placing an electrode at the depth of the anomalous
zone 1s shown quantitatively in Figure 2. The target zone tfor this illustrative model
1s a vertical, 100 meter by 200 meter conductive sheet 202 which is oriented in the
vertical or x-z plane, while both the transmitter and receiver are on the x axis. The
sheet 1s characterized by the product of its conductivity and thickness (in this
model the conductivity thickness product 1s 10 (note: conductivity 1s the reciprocal
or inverse of resistivity and the units can be Siemens, S, per meter; the
conductivity thickness is therefore in Siemens). The background resistivity in this
example 1s 100 Ohm meters (p = 100Qm). The secondary surface electric fields,
Ex, are plotted as a function of distance from the well in Figure 2B for two source
current configurations: a surface bipole A-B, and an inverted L-shaped array A'-B'
with the B' current electrode in the vicinity of the target.

[0009] The surface field anomaly from this deeply buried conductive zone 1s
100 times larger than that produced from the surface array when one of the

electrodes is buried. The results in this figure are presented for surface electric
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fields 1in Volts per meter (V/m) for a source current of one Ampere (A). Ina
typical survey, a current of 10A would be used and the voltage difference between
two measuring points 100m apart would be measured. The voltage measured in
the model study shown would therefore be 1000 times the field values in the plot.
For example, at a distance of 300m from the well-head using the deep electrode,
the secondary field is 10 Volts per meter so the voltage difference on a receiving
dipole would be 10™ Volts and easily measured. With this in mind, it becomes
clear that a whole new window on subsurface features 1s opened 1f the current
source can be located close to the desired zone of investigation.

[0010] The problem that has kept this deep source configuration from being
implemented 1s that there has been no practical method of placing a current
electrode with its attendant insulated current cable at the bottom of a typical drilled
well. Almost all wells drilled tor hydrocarbons, geothermal fluids or steam, carbon
dioxide injection, water etc. are lined with a metallic pipe called a casing. A
normal casing plan for a well involves successive casings of varying lengths and
progressively smaller diameter. A large diameter hole 1s drilled through the near
surface, usually unconsolidated, formations. A reduced diameter hole 1s then
drilled and cased to greater depth and, finally, an even smaller diameter hole 1s
drilled and cased to the desired maximum depth. The last, smallest diameter
casing 1s referred to as the production casing. In some situations, a continuous
length of tubing, referred to as the production tubing, 1s inserted inside the
production casing. At each stage, cement 1s forced into the annular space between
the drilled hole and the casing, with the cement filling the space for a short
distance between the casings from the bottom of the larger casing. The space
between the innermost casing and the next largest diameter casing in the upper
portion of the well 1s empty. Most important, there needs to be continuous free

access to the production casing. However, equipment devices called packers,



CA 02938607 2016~-08-02

WO 2015/123515 PCT/US2015/015805

which seal off certain depths in the well and tubing used to withdraw or inject
fluids, occupy the production casing such that there is no room for a heavy current
carrying cable or electrode.

[0011} With the above in mind, there is seen to be a need for a system and
method which will enable a current electrode to be effectively provided at the
bottom of a drilled well in order to enhance the ability to map subsurface zones of

anomalous electrical resistivity.

SUMMARY OF THE INVENTION
[0012] The present invention is directed to a system and method for
delivering current to a bottom section of a well. More specifically, a source of
current 1s connected to a middle segment of a well casing or a tubing inserted into
the well casing (herein generically referred to as a “well conduit”). The middle
segment 1s electrically i1solated from a first segment, and 1s formed or treated, such
as by applying an outer coating of an electrically resistive (and perhaps also
corrosion resistant) material, oxidizing the outer portion thereof, or the like, so as
to be electrically resistive. With this arrangement, sufficient current 1s transported
along and inner wall portion of the middle segment to an uncoated end section to
generate an electric field at the bottom section of the well. Changes 1n the
generated electric field resulting from the nature of materials in the ground in
surrounding zones can then be detected by surface or below ground monitors or
sensors, with the measured results being used for the detection and delineation of
subsurface features.
[0013] According to certain embodiments of the invention, the segments
form a production casing and, in at least one other embodiment, the segments form
part of a tube 1nserted into an existing well casing. In either case, a lowermost

segment (or segments) 1s left bare at the bottom of the well and a current source is
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connected to the intermediate or middle segment, below an uppermost segment
which 1s electrically 1solated from the intermediate segment, such by an insulative
coupler, such that the current will flow through the intermediate segment to reach
the bare metal segment at the bottom of the well. The outer, insulating layer
prevents current from ‘leaking’ off or dissipating from the outer portion
Intermediate segment into surrounding casings or the ground. With this
arrangement, current can now be transmitted to the end of the casing without
Interfering with any equipment or operations within the intermediate segment
during well production or operation.

[0014] Additional objects, features and advantages of the invention will
become more readily apparent from the following detailed description when taken

in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] The present invention 1s described with respect to particular
exemplary embodiments thereof and reference is accordingly made to the drawings
1n which:
[0016] Figure 1 1s a schematic illustration of a prior art method for current
mapping of anomalous underground zones.
[0017] Figure 2A 1s a schematic representation of a vertical fracture zone
used here to represent a typical zone of anomalous resistivity.
[0018] Figure 2B 1s a graphical logarithmic plot of surface anomalous fields
caused by a deep zone of anomalous resistivity vs. distance from a well.
[0019] Figure 3 is a schematic view of a well illustrating an embodiment
constructed 1n accordance with the present invention.
10020} Figure 4 1s a detailed view of an insulating coupler illustrated in

Figure 3.
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DETAILED DESCRIPTION OF THE INVENTION
[0021) As will become fully apparent below, the invention relies on an
insulated casing to play the role of the insulated current cable conducting current to
the downhole electrode, B' of Figure 1. More specifically, with reference to Figure
3, a well 100 1s depicted including a surface casing 102, an intermediate casing 104
and an innermost or production casing 106. Depending on the depth and purpose
ot well 100, there may be one or more intermediate casings 104 (herein
collectively referred to as the intermediate casing). The depth of surface casing
102 1s limited 1n the figure as the surface casing 102 would typically extend to just
below the near surface, unconsolidated sediments or zones of surface ground
water. As just shown on the left portion of surface casing 102, cement would be
pumped into the annulus between the surface casing 102 and the surrounding
ground. The depth to which surface casing 102 extends down into the ground will
vary from well to well and generally depends on the near surface ground. In
typical o1l wells, outer or surface casing 102 would extend down anywhere from
10 feet to a hundred feet or so. Within surface casing 102, intermediate casing 104
extends a distance usually in the range of up to half the final depth of well 100.
The space between the lower part (not separately labeled) of each successive
casing and the next 1s filled with cement 108, as illustrated on the left portion of
Figure 3. In this arrangement, the intermediate casing 104 serves to keep the upper
reaches of well 100 relatively open to facilitate easy entrance and withdrawal of a
drill bit (not shown) needed for extending production casing 106 to a depth of the
target zone.
[0022] The innermost or production casing 106 can serves to inject fluids into
a production zone or extract fluids from that same zone. As detailed below, at least
part of production casing 106 is coated with a corrosion resistant or prevention

layer 112 which, by reason of its corrosion prevention properties, 1s an electrical
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insulator. This corrosion prevention coating 112 thus prevents current from
passing or dissipating from casing 106 to the surroundings (note some leakage
could occur but it 1s minimal). In the embodiments of this invention, corrosion
prevention coating 112 thus permits the transmission of an electric current from the
surface to the end of production casing 106. In the illustrated embodiment, the end
of production casing 106 1s represented by last segment 110 which i1s bare metal or
a metal that 1s electrically insulated. Typically, production casing 106 will extend
a significant distance into the ground from a well head 128 at the surface,
oftentimes going down anywhere from two thousand to fifteen thousand or more
feet.

[0023] It 1s common practice in the drilling industry to use a production
casing coated with a tough corrosion resistant, insulating layer to prevent casing
corrosion. Utilizing a corrosion prevention layer which 1s also an electrical
insulator, 1.e., a coating which 1s electrically resistive, has until now not been of
interest 1n installing casing for conventional applications. To achieve the goal of
using the casing for the transmission of current to lower end 110 of the production
casing 106 in accordance with the invention, it is necessary to specify the coating
for production casing 106 and to further specify that the lowest segment or
segments 110 be left uncoated or otherwise not insulated electrically so that they
act as a bare metal electrode.

[0024] Various different coating options are available, with the pipe coating
options including, but not limited to, tape, tar, epoxy and polyurethane coatings.
One available corrosion preventing layer includes a coating material supplied by
Bond-Coat Inc. of Odessa TX, USA, www.bondcoat.com. More specifically, this
company currently produces an overall coating which can be used on a casing or
tubing that consists of a first coat of epoxy resin, a second coat of ground flint

aggregate and then a top coat of more resin. The coating thickness 1s 40 - 50 mils
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and exhibits a temperature resistance to 200 F. The resin and ground flint are both
electrical insulators. Another source is Tenaris Global Services Corp. of Houston
TX, USA, which at
http://www.tenaris.com/en/Products/OffshoreLinePipe/Coating/External Anticorros
lon.aspx discusses various anticorrosion coatings, usually applied to pipelines,
either for land or sub-sea applications. These coatings are of two types, either
epoxy or epoxy with a bonding transition layer and an overlay of extruded
polythene or polypropylene. A three layer coating is said to have "high dielectric
resistance". By way of a further example, Liberty Coatings of Morrisville, PA,
USA, www.libertycoating.com, produces two-layer coatings involving butyl
rubber overlaid with polyethylene.

[0025] In any case, with the insulating coating 112 exhibiting the electrical
resistive characteristic, when a current connection is provided at the upper end of
the production tubing 106, the current will be transmitted along the entire length ot
the casing to its exposed end 110 without current, or at least with minimal current,
leaking off casing 106 to the surroundings. The electrical current conducted down
an inner wall portion of casing 106 is sufficient at end 110 to create the electric
fields used in the mapping of the anomalous zones. In a preferred embodiment, the
electrical signal is provided to inner casing 106 through an insulated cable 114
which is connected to a current source 116 that is grounded through electrode 117.
At its other end, cable 114 is attached to insulated production casing 106 through a
connector 118. In one embodiment, connector 118 is a bolt such that cable 14 1s
bolted directly to the metal casing 106 of well 100.

[0026] In an exemplary embodiment, the current source 116 1s constituted by
a power supply with a voltage range of up to a few hundred volts and capable of
supplying 10 to 30 Amps or more of current. The currents are driven at one or

multiple frequencies in the range of 0.01 Hz to several thousand Hz. Examples of

10
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such power supplies are the GGT-3, GGT-10 and GGT-30 transmitter power
supplies from Zonge Engineering and Research, Tucson, AZ , USA (zonge.com).
[0027) [f the cable 114 from current supply source 116 located near the
distant grounded electrode 117 were simply connected to the metallic casing at the
well head 128, 1t would then also be connected to the surface equipment which
holds the casing in place and which connects production casing 106 to the surface
valves and piping required to convey the fluids produced or injected to or from the
well 100. To avoid this problem, the insulated current supply cable 114 1s
connected to the inner portion of insulated, production casing 106 below a casing
coupler segment 120 that 1s electrically non-conducting, thus electrically 1solating
top casing segment 128 (which may be uncoated or otherwise not insulated) as
1lustrated in Figure 3. In one embodiment of the invention, coupler segment 120
comprises a commercially available section of fiberglass casing. However, other
coupler materials can be employed, including, but not limited to, non-conductive
high strength materials such as Kevlar® fabric impregnated with high strength
resins such as epoxy. By way of example, coupler segment has a length of
approximately 30-40 feet.

[0028] In this embodiment, current provided by source 116 can safely be
carried to an inner portion of coated inner production casing 106 below, typically
located at shallow depth, about 40-50 feet, while remaining fully, or at least
substantially entirely, insulated from the surface equipment, valves, piping etc. by
the insulative segment 120. With this arrangement, even with conducting fluid
filling innermost production casing 106, negligible current will flow back up to an
upper metallic segment at well head 128. At this point, 1t should be noted that
various arrangements could be employed to establish the desired electrical

connection between the power source and the inner portion of the second or

11
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intermediate segment of production casing 106. In fact, it is even possible to
utilize existing well structure, such as a push rod, for this purpose.

[0029] Certainly, if insulative coupler segment 120 must support the weight
of a heavy well, such as a steel cased well, from the near surface to full well depth,
insulated coupler segment 120 may be customized. For instance, as detailed 1n
Figure 4, insulative coupler 120 may have a thickened fiberglass body, and
incorporate an inner threaded steel ring 122 which threads coupler 120 to the end
of casing segment 106". In the illustrated embodiment, female threads 123 of ring
122 are dimensioned to mate with male threads 124 of casing 106'. Of course, the
arrangement of the threads could be reversed and other known mechanical
couplings could be employed.

[0030] At this point, it should also be recognized that the present invention
can be employed in connection with both a new well and 1n retrofitting an existing
well. In the case of a new well, it will be appreciated that both a coated
intermediate production casing and an uncoated bottom end section would be
specified, along with the inclusion of the insulative coupler 120 of the invention,
such as 1llustrated 1in Figures 3 and 4. On the other hand, for use with existing,
uncoated steel cased wells, another approach 1s required for delivery of a current to
the bottom of the well. In this additional embodiment, a smaller diameter,
production casing (or tubing) coated with an electrically insulating material can be
lowered into the existing well, with the bottom end segment of the tubing left
uncoated. The upper coated end would be similarly attached to an insulative
coupler like coupler 120 illustrated at Figure 4. Therefore, this embodiment
includes corresponding first, second and third interconnected segments, and the
current 1s again supplied to the second or intermediate segment for transmission to

the third segment at the bottom section of the well and into nearby geological
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zones adjacent the well, while being prevented from dissipating to around the well
along the second segment by the outer electrically resistive coating.

[0031] Notably, in this scenario, the bare tubing electrode may be close to, or
touching the uninsulated production casing. Should the exposed end section make
contact with or short to the existing, uncoated metal casing, charge will leak off as
well, specifically exponentially in the direction moving upwardly along the length
of the production casing. However, such leakage will dissipate to near zero within
a few hundred meters of the casing bottom, thus creating a more distributive, rather
than point, type of source. On this point, reference 1s made to Schenkel and
Morrison (Schenkel, C. J. and Morrison, H. F., 1990, Effects of well casing on
potential field measurements using downhole current sources: Geophys. Prosp., 38,
no. 6, 663-686, and Schenkel, C. J. and Morrison, H. F., 1994, Electrical resistivity
measurement through metal casing: Geophysics, 39, no. 7, 1072-1082), where the
authors have shown that, although current does flow axially along the casing,
current also leaks off radially into the surrounding conducting ground so the casing
acts to distribute current flowing into the ground over a finite length of the casing
at the bottom of the well. Far from causing a problem, this spreading of the deep
current source can actually increase the secondary fields from a nearby zone of
anomalous resistivity.

[0032] In any case, based on the above, the system and method of the
invention provides for transmitting an electric current from a bottom section of a
well utilizing a well conduit, such as a well casing or a tube inserted into a well
casing, including a first segment proximate a well head, a second segment
including an inner portion which is electrically conductive and an outer portion
which 1s electrically resistive (1.e., substantially entirely or at least mostly insulated
electrically), and a third segment which 1s located at or near the bottom section of

the well and 1s electrically conductive. A power source provides the electric
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current through an electrical connection to the inner portion of the second segment
for transmitting the electric current from the power source to the second segment,
through the second segment to the third segment which establishes a downhole
electrode. From the third segment, the electric current is transmitted into nearby
geological zones adjacent the well, particularly for mapping purposes.

[0033] Although described with reference to particular embodiments of the
invention, it should be understood that the foregoing detailed description of the
invention is provided for purposes of illustration and is not intended to be
exhaustive or to limit the invention to the embodiments disclosed. Therefore,
additional embodiments of the invention can be employed without departing from
the spirit of the invention. For instance, very often, producing or injecting fluids
from or to the zone of the bottom of the well is carried out by means of a small
continuous tube which 1s inserted in the well and has a diameter smaller than the
inner diameter of the production casing. This tube can be inserted at any time after
the well is completed. In further accordance with the invention, this insulated
production tubing (not shown) can actually be used to convey current to the bottom
of the well. Like the insulated inner production casing, this tube can be coated or
otherwise treated with an insulating layer and, by leaving a section uncoated or
otherwise not insulated at the bottom, the tube can now play the role of the desired
insulated cable and electrode. An insulating section of the tubing, similar to that
shown in Figure 3 for the inner casing, would likewise need to be employed. In
any case, it should be readily apparent that the invention can be applied to vertical
wells, angled wells, horizontal wells, or any combination thereof. Also, although
described with reference to a production well, the invention can be employed for
use other types of wells including, by not limited to, pilot wells, observation wells,

and wells dedicated to injecting fluids into a production zone.
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CLAIMS:

1. A system for transmitting an electric current from a bottom section of a
well comprising:

a well conduit including a first segment proximate a well head, a second
segment including an inner portion which is electrically conductive and an outer
portion which is electrically resistive, and a third segment which is located at or
near the bottom section of the well and is electrically conductive;

a power source for providing the electric current;

an electrical connection between the power source and the inner portion
of the second segment for transmitting the electric current from the power
source to the second segment, through the second segment to the third segment,
and into nearby geological zones from the third segment; and

surface sensors located at the Earth’s surface configured to sense changes
in electric fields generated utilizing the third segment as a downhole electrode,
with the changes resulting from a nature of materials in a vicinity of the well,
and wherein the system is configured to detect or delineate subsurface features

based on the changes.
2. The system according to claim 1 , further comprising: an insulative

insulative coupler being formed from a non-conductive material, wherein the

first segment is electrically isolated from the electric current by the insulative

coupler.
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3. The system according to claim 2, wherein the electrical connection is
made through an electrically insulated cable connected to the second segment

proximate the insulative coupler.

4. The system according to claim 3, wherein the electrical connection to the

second segment 1S made directly adjacent said insulative coupler.

5.  The system according to claim 3, wherein the outer portion of the second
segment 1S treated to be electrically resistive in order to limit dissipation of the

electric current to around the well along the second segment.

6.  The system according to claim 5, wherein the outer portion is treated to

include an electrically resistive coating.

7. The system according to claim 6, wherein the outer electrically resistive

coating 1s constituted by a corrosion resistive material.

8.  The system according to claim 7, wherein the outer electrically resistive

coating includes a polymeric resin.

9. The system according to claim 8, wherein the polymeric resin comprises

an epoxy resin.

10.  The system according to claim 2, wherein the non-conductive material of

said 1nsulative coupler includes fiberglass.
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11. The system according to claim 2, wherein the non-conductive material of

said insulative coupler includes a resin impregnated Kevlar.

12. The system according to claim 2, wherein the insulative coupler includes

an inner threaded ring threadably attached to one of the second segment or the

third segment.

13.  The system according to claim 12, wherein the inner threaded ring 1s

made of steel.

14. The system according to claim 1, wherein each of the first, second and

third segments constitute portions of a well casing.

15. The system according to claim 14, wherein the outer portion of the second
segment is treated to be electrically resistive in order to limit dissipation of the

electric current to around the well along the second segment.

16. The system according to claim 1, wherein each of the first, second and

third segments constitute portions of a tubing inserted into a well casing.

17. A method for transmitting an electric current from a bottom section of a
well comprising:
connecting, below a first, upper segment of a well conduit, a current

source to an electrically conductive inner portion of a second, lower segment of
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the well conduit, with the second segment also including an outer portion which
1s electrically resistive;

providing electric current from the current source to the inner portion of
the second segment such that the electric current travels from the current source
through the second segment to an electrically conductive bottom segment of said
well conduit;

transmitting the electric current from the bottom segment into nearby
geological zones;

sensing changes 1n electric fields generated utilizing the bottom segment
as a downhole electrode, with the changes resulting from a nature of materials in
a vicinity of the well, at the Earth’s surface by surface sensors; and

detecting or delincating subsurface features based on the changes.

18.  The method of claim 17, further comprising: interconnecting the first
segment to the second segment with an insulative coupler made from a non-
conductive material, wherein the first segment is electrically isolated from the

electric current by the insulative coupler.

19. The method of claim 18, further comprising: providing the electric current
to the 1nner portion of the second segment directly adjacent the insulative

coupler.

20.  The method of claim 17, further comprising: treating the outer portion of

the second segment to be electrically resistive.
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21. The method of claim 20, wherein treating the outer portion includes
coating the outer portion of the second segment with an electrically resistive
material to limit dissipation of the electric current to around the well along the

second segment.

22.  The method of claim 21, wherein coating with the electrically resistive

material also makes the outer portion of the second segment corrosion resistant.
23.  The method of claim 17, wherein the well conduit is a production casing.

24.  The method of claim 17, wherein the well conduit is a tubing inserted 1nto

a well casing.
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