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[57] ABSTRACT 

A method for installing an electric conductor in a drill 
string during drilling operations wherein an insulated 
electric conductor is lowered into the drill string and 
thereafter the drill string and conductor are length 
ened as the borehole is advanced by adding lengths ‘of 
pipe and conductor sections to the drill string and 
conductor, respectively. 

12 Claims, 12 Drawing Figures 
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METHOD FOR INSTALLING AN ELECTRIC 
CONDUCTOR IN A DRILL STRING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an improved method for 

performing wellbore telemetry operations. In one as 
pect it relates to a method for installing an insulated 
electric conductor in a pipe string used in rotary dril 
ling operations. 

2. Description of the Prior Art 
In the drilling of oil wells, gas wells, and similar bore 

holes, it frequently is desirable to transmit electric en 
ergy between subsurface and surface locations. One ap 
plication where electrical transmission has received 
considerable attention in recent years is in wellbore tel 
emetry systems designed to sense, transmit, and receive 
information indicative of a subsurface condition. This 
operation has become known in the art as “logging 
while drilling.” 
A major problem associated with wellbore telemetry 

systems has been that of providing reliable means for 
transmitting an electric signal between the subsurface 
and surface location. This problem can best be appreci 
ated by considering the manner in which rotary drilling 
operations are normally performed. In conventional ro 
tary drilling, a borehole is advanced by rotating a drill 
string provided with a drill bit. Lengths of drill pipe, 
usually about 30 feet long, are added to the drill string 
one at a time as the borehole is advanced in incre 
ments. In adapting an electric telemetry system to ro 
tary drilling equipment, the means for transmitting the 
electric signal through the drill string must be such to 
permit the connection of additional pipe lengths to the 
drill string as the borehole is advanced. An early ap 
proach to the problem involved the use of continuous 
electric cable which was adapted to be lowered inside 
the drill string and to make contact with a subsurface 
terminal. This technique, however, required withdraw 
ing the cable from the drill string each time a pipe sec 
tion was added to the drill string. A more recent ap 
proach involves the use of special drill pipe equipped 
with an electric conductor. Ea'ch pipe section is pro 
vided with connectors which mate with connectors of 
an adjacent pipe section and thereby provide an elec 
tric circuit across the joint (see US. Pat. Nos. 
3,518,608 and 3,518,609). Disadvantages of this sys 
tem include the high cost of the special pipe sections, 
the need for a large number of electric connections 
(one at each joint), and the difficulty of maintaining in 
sulation of the electric connectors at each joint. 

SUMMARY OF THE INVENTION 

The purpose of the present invention is to provide an 
electric circuit between a subsurface location in a well 
and the surface. The invention permits the monitoring 
of a subsurface condition or the actuation of a subsur 
face instrument as drilling operations are in progress. 

Brie?y, the method involves lowering a drill string in 
a well by connecting a plurality of pipe sections to 
gether in end-to-end relation, lowering an insulated 
electric conductor in the drill string to extend from a 
subsurface terminal therein to the surface terminal, in 
crementally advancing the well a predetermined 
amount by manipulating the drill string, and for each 
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such advancement adding a length of pipe provided 
with an electric conductor section to the drill string to 
lengthen both the drill string and the electric conduc 
tor. 

An important advantage of the method of the present 
invention over prior art techniques is that it reduces the 
number of connectors required in the conductor be 
tween the subsurface and surface terminals. The com 
bined length of conductor sections need not exceed the 
length of one bit run which normally is between about 
100 and several thousand feet. This means that the por 
tion of the circuit comprising the conductor sections 
will normally constitute only a minor fraction of the 
complete conductor. For most wells, the conductor in 
stalled in accordance with the method of the present 
invention will contain no more than about 30 connec 
tors regardless of the depth of the well. The substantial 
reduction in the number of connectors increases the 
reliability of the electric circuit since each connector 
presents a potential source of failure. Moreover, the 
improved method permits the use of conventional drill 
pipe, which is less expensive than a string of pipe espe 
cially made for conducting electric energy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of well drilling equipment 
provided with an electric conductor installed within the 
drill string in accordance with the present invention. ' 
FIG. 2 is an enlarged sectional view of a portion of 

the drill string shown in FIG. 1. , 
FIG. 3 is a transverse sectional view of the assembly 

shown in FIG. 2 with the cutting plane taken along line 
3—3 thereof. 
FIG. 4 is an enlarged exploded view, shown in longi 

tudinal section, of a cable clamp and connector usable 
in the conductor shown in FIGS. 1 and 2. 
FIG. 5 is an enlarged elevation, shown partially in 

section, of a connector for joining adjacent conductor 
sections. 
FIGS. 6 and 7 illustrate the manner in which a pipe 

joint provided with a conductor section is added to the 
upper end of a drill string. 
FIGS. -8, 9, and 10 are schematic illustrations show 

ing the relationship of the continuous cable and cable 
sections for successive bit runs in a drilling operation. 

FIG. 11 is a longitudinal sectional view of a cable 
connector capable of use in the present invention. 

. FIG. 12 is a side elevation of a portion of the connec 
tor shown in FIG. 11. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Conventional rotary drilling equipment, as schemati 
cally illustrated in FIG. 1, includes swivel 10, kelly 11, 
tubular drill string 12, and bit 13. These components, 
connected in the manner illustrated, are suspended 
from the drilling derrick 14 by means of rig hoisting 
equipment. The kelly 11 passes through rotary table 16 
and connects to the upper end of the drill string 12. The 
term “drill string” as used herein refers to the column 
of tubular pipe between the bit 13 and kelly 11; and the 
term “pipe string” refers to the complete pipe column 
including the kelly 11. The major portion of the drill 
string normally is composed of drill pipe with a lower 
portion being composed of drill collars. The drill string 
12 consists of individual pipe sections, either drill pipe 
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or drill collars, connected together in end-to-end rela 
tion. 
The borehole 17 is advanced by rotating the drill 

string 12 and bit 13 while at the same time drilling ?uid 
is pumped through the drill string 12 and up the bore 
hole annulus. The drilling fluid is delivered to swivel 10 
through a hose (not shown) attached to hose connec 
tion 18 and is returned to the surface ?uid system 
through pipe 19. A kelly bushing 20 couples the rotary 
table 16 to the kelly 11 and provides means for trans 
mitting power from the rotary table 16 to the drill string 
12 and bit 13. (The use of a power swivel eliminates the 
need for the kelly and rotary table. The present inven 
tion may be used with either system; for purposes of il 
lustration, however, it will be described in connection 
with the kelly and rotary table arrangement.) 
As mentioned previously, it frequently is desirable to 

monitor a subsurface drilling condition during drilling 
operations. This requires measuring a physical condi 
tion at the subsurface location, transmitting this data as 
an electric signal to the surface, and reducing the signal 
to useful form. Typical situations where telemetry is ap 
plicable in drilling operations include drilling through 
abnormal pressure zones, drilling through zones where 
hole deviation is likely to be a problem, directional dril 
ling, exploratory drilling, and the like. 
Although the present invention may be employed in 

most any drilling operation wherein an electric conduc 
tor is used in tubular pipe to transmit electric energy 
between a subsurface and surface location, it ?nds par 
ticularly advantageous application in a wellbore telem 
etry system such as that illustrated in FIG. 1 comprising 
an instrument 2], conductor 22, and receiver 23. 
The instrument 21 capable of measuring a subsurface 

condition and generating an electric signal indicative or 
representative of that condition is mounted or adapted 
to be mounted in the drill string 12. A variety ofdevices 
capable of sensing a physical condition are available. 
These include transducers for measuring pressure, tem 
perature, strain and the like; surveying instruments for 
measuring hole deviation; and logging instruments for 
measuring resistivity or other properties of subsurface 
formations. The instrument 21 may be powered by bat 
teries or by energy transmitted through conductor 22. 
Alternatively, a subsurface generator driven by fluid 
flowing through the drill string 12 may be used to 
power instrument 21. 
The present invention is concerned primarily with 

the electric conductor 22 used to transmit electric en 
ergy between surface and subsurface locations and a 
method for installing the same. The energy may be a 
signal generated by the subsurface instrument 21 and 
transmitted to the receiver 23 at the surface. Alterna 
tively, the energy may be electric power transmitted 
from the surface to actuate or drive a subsurface instru 
ment or motor. Or, as mentioned previously, energy 
may be transmitted down the conductor 22 to power 
the instrument 21, and simultaneously intelligence may 
be transmitted up the same conductor. 
As applied in telemetry operations, it is preferred 

that the energy being transmitted be in the form of a 
pulsating signal. information can be transmitted by 
varying the number, amplitude, width or spacing of a 
train of electric pulses, or it can be transmitted by mod 
ulating the frequency or amplitude of the pulsating sig 
nal. More than one transducer or other device may be 
employed in the instrument 21 if desired, in which case 
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4 
a multiplexer may be used for sending the various sig 
nals over a single conductor. 
The instrument 21 may be mounted directly in the 

drill string 12 or, as illustrated in FIG. 1, it may be a 
separate tool that is lowered into the drill string 12 on 
the conductor 22. 
The insulated conductor 22 extends from a subsur 

face terminal on instrument 21 substantially through 
the drill string 12, and connects to a suitable surface 
terminal. The surface terminal in this preferred em 
bodiment is provided by connector 25 of conductor 24. 
Conductor 24 may be embedded in the kelly 11, in 
which case the conductor 22 will extend to the upper 
end of the drill string 12 and connect to connector 25 
at that point. It is preferred, however, that conductor 
24 be disposed within kelly 11 as illustrated in FIGS. 1, 
6, and 7 and extend a short distance, e.g., one to three 
feet, below kelly 11 and have connector 25 at its lower 
end. 

If telemetry operations are to be performed while the 
kelly 11 and drill string 12 are rotating, the upper end 
of conductor 24 will be connected to a device 26 capa 
ble of transmitting electric energy from a rotating 
member to a stationary member. This device may be a 
rotary transformer having a rotor secured to the kelly 
11 and a stator secured to the stationary portion of the 
swivel 10, or it may be a slip ring and brush assembly. 
Electric conductor 27 and ground conductor 28 inter 
connect the stationary portion of device 26 and re 
ceiver 23. If telemetry operations are to be performed 
at times when the drill string 12 and kelly 11 are sta~ 
tionary, the conductors 27 and 28 may be connected 
directly to conductor 24 through a suitable connector. 
in this situation, conductors 27 and 28 will be discon 
nected when the kelly 11 and drill string 12 are rotated. 
Other means for transmitting the signal to the receiver 
23 include a wireless transmitter connected to conduc 
tor 22 and located on a rotating member, e.g. kelly 11. 

The receiver 23 is an instrument capable of receiving 
the signal generated by instrument 21 and reducing it 
to useful form. 

In one aspect, the present invention relates to a 
method for establishing electric continuity between a 
subsurface location in a well and maintaining electric 
continuity as the well is advanced. As noted above, the 
method employs an insulated electric conductor dis 
posed internally of a drill string. The electric conductor 
will normally be installed after the well has been drilled 
to a depth where wellbore telemetry operations are to 
commence. This can be as shallow as a few hundred 
feet as in the case of directional wells, or several thou 
sand feet deep. The initial step in the improved method 
is to lower a drill string in a well by connecting a plural 
ity of pipe sections together in end-to-end relation. The 
drill sstring may be used to drill a well as it is length 
ened, or the drill string may be simply lowered in a well 
already drilled. Next, a continuous electric conductor 
30 (also referred to as cable 30 below) is lowered 
within the drill string 12 to extend from a subsurface 
terminal, e.g. instrument 21, to a surface terminal, e.g. 
kelly connector 25. As described in detail below elec 
tric continuity between the subsurface and surface ter 
minals, is maintained by adding conductor sections to 
the continuous conductor 30 as the well is advanced 
and as the drill string 12 is lengthened. 
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The term “continuous electric conductor” or “con 
tinuous electric cable” as used herein means a length 
of wire or combination of wires suitable for carrying 
electric current. Preferably, the conductor is free of 
connectors, (except for its terminal ends) but as a prac 
tical matter it may be necessary to connect separate 
lengths of conductors together using electric connec 

' tors. A distinguishing characteristic of the continuous 
electric conductor is that it normally includes long 
spans of conductor lengths free of connectors and is 
electrically continuous which permits it to be lowered 
in the drill string in a single operation. Preferably, con 
ductor 30 is provided by an armored cable. Armored 
cable has suf?cient strength to permit the use of several 
thousand feet of cable and to support the instrument 21 
during running-in operations. 
The surface equipment for lowering the cable 30 in 

the drill string 12 can be similar to conventional cable 
handling equipment used in well logging operations. 
Such equipment normally includes a power winch hav 
ing a cable wound thereon and a sheave suspended 
from the rig drawworks for guiding the cable into or out 
of the drill string 12. 
With the instrument 21 properly located at the de 

sired subsurface location -—- preferably in a suitable sub 
immediately above the drill bit 13 - the cable 30 ex 
tends internally through the drill string 12 and termi 
nates in a connector 31 at its upper end. 

In one embodiment of the invention (illustrated in 
FIGS. 1-7), the upper end of the continuous cable 30 
is supported on a spider 32 or similar support secured 
to the drill string 12. After the continuous cable 30 has 
been lowered in the drill string 12, its upper terminal 
end provided with connector 31 is supported on the 
drill string 12 by means of spider 32. As described in 
detail below, spider 32 may be mounted in the box of 
a pipe section, e.g. pipe section 33, of the drill string 12 
(see FIG. 2). Initially, connector 31 of cable 30 is 
mated with companion connector 25 of kelly conduc 
tor 24 completing the electric circuit between instru 
ment 21 and receiver 23. The kelly 11 is then attached 
to the drill string 12 placing equipment in condition for 
commencing drilling operations and permitting well 
bore monitoring, if desired. If a cable 30 of ?xed length 
is used, it is possible that the connector 31 will not be 
located exactly opposite a box end of the top pipe sec 
tion with the cable 30 properly positioned within the 
drill string 12. However, the length of drill string 12 can 
be made equal to the length of cable 30 by adding short 
pipe sections at the upper end of the drill string 12. 
While drilling operations are in progress, the next 

pipe section, e.g. pipe section 34 shown in FIGS. 6 and 
7, to be added to the drill‘ string 12 is placed in a shal 
low borehole 35 (commonly referred to as “mouse 
hole") below the derrick floor. A length of conductor 
section, preferably a cable section 36, is threaded 
through pipe section 34. Cable section 36 normally will 
be slightly longer than pipe section 34 and is provided 
with connectors 37 and 38 at its opposite ends. 
When the drilling has proceeded to the point that it 

becomes necessary to insert another pipe section in the 
drill string 12, the kelly 11 and drill string are elevated, 
the drill string 12 is supported in the rotary table 16, 
and the kelly 12 separated from the drill string 12. Con 
nectors 25 and 31 are manually separated and the kelly 
11 is swung over into alignment with pipe section 34. 
Connector 25 is mated with the upper exposed connec 
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6 
tor 37 of cable section 36 and kelly 11 is screwed into 
the box of pipe section 34 (See FIG. 7); this assembly 
is then elevated above the drill string 12. The length of 
the cable section 36 is such that it extends a short dis 
tance, e.g. about one to three feet, below the lower end 
of pipe section 34, exposing connector 38. This con 
nector is manually mated with connector 31 which 
again completes the circuit between the subsurface in 
strument 21 and the receiver 23. The pin of pipe sec 
tion 34 is then screwed into the box of thetop pipe sec 
tion 33 of the drill string 12. This operation lengthens 
both the drill string 12 and the conductor 22 which now 
comprises cable 30 and cable section 36. 

Drilling operations are resumed and vthe subsurface 
condition monitored as desired. The individual sections 
of drill pipe can be added in the manner described 
above and illustrated in FIGS. 6 and 7 for each incre 
mental advance of predetermined length of the bore 
hole 17. It should be noted that a spider 32 need not be . 
provided to support the upper end of each cable sec 
tion. However, a temporary support plate may be em 
ployed to facilitate connecting the cable sections to 
gether. Such a plate provided with a radial slot can rest 
on the box shoulder and be adapted to support a con 
nector thereon. After the connectors of adjacent cable 
sections are mated, the plate is removed. ‘ 

Drilling operations will continue with the individual 
pipe sections 34 being added for each incremental ad 
vance of the borehole 17 in the manner described 
above. After drilling has progressed and a number of 
pipe sections and cable sections have been added to the 
system, the lower portion of conductor 22 will be pro 
vided by the continuous cable 30 and the upper portion 
by a plurality of cable sections 36 joined in end-to-end 
relation. This arrangement is illustrated in FIG. 1. Nor 
mally, drilling operations will continue in this manner 
until it becomes necessary to change the drill bit 13. 
The number of pipe sections and the number of cable 
sections 36 added during a particular bit run will thus 
normally be determined by the length of borehole the 
bit is capable of drilling. This varies within wide limits, 
but normally ranges from about 100 feet for hard for 
mations to several thousand feet for soft formations. 
There are a number of cables commercially available 

that can serve as cable 30 and cable sections 36 in the 
present invention. A particularly suitable cable is a sin 
gle conductor, three-sixteenths inch armored cable 
manufactured by Vector Cable Company and sold as 
type I-ISP. This cable is sufficiently strong to support 
long lengths; it has protective armor which guards 
against damage; and it is sufficiently ?exible to facili 
tate installation. 
Since the combined length of the cable sections 36 

will normally be short, these sections in the preferred 
embodiment of the present invention need not be pro 
vided with protective armor. Suitable cable types in 
clude a single conductor, 12 AWG, neoprene jacket 
conductor sold as 8-5025 by Vector Cable Company. 
The length of each cable section 36 normally will be 
longer than the average length of pipe section used in 
the drill string to compensate for variations in‘ the 
length of pipe sections. The excess length of each cable 
section also permits the cable to be twisted as pipe sec 
tions are screwed together. Moreover, the ?exibility of 
this cable permits cable sections to be overlapped and 
clamped at the surface or otherwise adjusted’ to match 
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the length of the pipe sections through which they ex 
tend. 
As shown in FIGS. 2 and 3, the spider 32 for support 

ing the upper end of the cable 30 is sized to ?t into a 
box end 40 of pipe section 33. Radial arms 41 rest on 
internal shoulder 42 of the box 40 and an opening 43 
through the axial center of the spider 32 receives the 
upper end of cable 30. The spider 32 should be de 
signed to minimize the ?ow restriction through box 40, 
particularly if internal upset drill pipe is used. A cable 
clamp 44 comprising sleeves 45 and 46 anchors the 
armor of cable 30 as shown in FIG. 4. The cable 30 
passes through the center opening of clamp 44. Wire 
strands 47 stripped from the armor pass around the 
upper sleeve 45, through suitable axial openings, and 
between clamping surfaces of sleeves 45 and 46. Tight 
ening the lower sleeve 46 on upper sleeve 45 thus 
?rmly secures the wire strands. In the installed position, 
the clamp 44 is supported on the upper surface of spi 
der 32. 
The primary function of the spider 32 is to support 

the upper end of the cable 30 at a ?xed location in the 
drill string 12. This permits the use of unarmored, ?exi 
ble cable sections in the drill string above the spider 32. 

In the embodiment of the invention described above, 
the connectors, e.g. connectors 37 and 38, employed to 
join adjacent cable section 36 are preferably plug type 
connectors. Such connectors are easily installed, pro 
vide water-tight connections, and provide adequate 
strength. Connector 31 (cable 30), connectors 37 and 
38 (cable sections 36), and connector 25 (kelly) may 
include identical female connectors such as those illus 
trated in FIG. 4. A double contact plug 50 which is de 
tachable from both female connectors but may be con 
sidered a part of either provides electric continuity 
through each connection. As shown in FIG. 5, the con 
nection comprising connectors 37 and 38 for joining 
adjacent cable sections 36 also includes a double 
contact plug 53. For these connections, it is preferred 
that a locking sleeve comprising a pair of threaded 
metal halves 51 and 52 be employed. The locking 
sleeve adds strength to the connection. In this regard, 
it should be noted that the connection for joining a 
cable section 36 to cable 30 does not include a locking 
sleeve. Thus, the cable sections 36 joined by connec 
tions with locking sleeves can be retrieved as a unit by 
pulling up on the top cable section 36. Connector 38 
will pull free of connector 31 permitting the cable sec 
tions 36 to be withdrawn from the drill string in a single 
operation. 
The conductor 22 described above is provided with 

a single conductor. In such a design, the electric ground 
circuit may be provided by the armor if armored cable 
is used to the surface, by the drill pipe itself, or by a 
combination of cable armor and drill pipe. Alterna 
tively, the cable 30 and cable sections 36 and connec 
tors may be provided with a plurality of conductors and 
contacts. 

In describing the operation of the embodiment of the 
invention described above, it will be assumed that the 
borehole 17 has been drilled to a certain depth using 
conventional techniques and at this depth it is desired 
to commence drilling while logging operations. The 
drill string 12 with bit 13 is lowered into the borehole 
17 in the usual manner. The instrument 21 is then low 
ered on cable 30 and located at the proper depth within 
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8 
the drill string 12. The upper end of the cable 30 is pro 
vided with the cable clamp 44 and connector 31. The 
spider 32 is inserted on the cable 30 immediately below 
the cable clamp 44. This assembly is then seated in the 
box end 40 of the top section of drill pipe, e.g. pipe sec 
tion 33. After the kelly connector 25 is mated with con 
nector 31, the kelly 11 is screwed into the box end 40 
placing the assembly in condition for drilling and log 
ging. The borehole 17 is advanced in increments of pre 
determined length — about equal to length of pipe to 
be added to the drill string. Lengths of pipe provided 
with cable sections 36 are added after each incremental 
advancement of the borehole in the manner described 
previously with reference to FIGS. 6 and 7. The cable 
30 and drill string 12 are thus lengthened together as 
the borehole is advanced using conventional drill pipe. 

As the drill string is lengthened and as cable sections 
36 are added, excess lengths of cable will be introduced 
into the drill string since each cable section 36 will nor 
mally be slightly longer than‘ its companion pipe sec 
tion. Slack can be periodically removed from the con 
ductor by pulling excess cable from the drill string at 
the surface, overlapping excess lengths, and clamping 
the overlapped cable in that con?guration. Alterna 
tively, spiders can be provided in certain pipe sections 
to prevent excess cable from accumulating and snarling 
within the drill string 12. 
When it is desired to interrupt drilling operations, as 

for example when it is necessary to change the bit 13, 
the upper portion of the conductor 22 comprising a 
plurality of cable sections 36 may be retrieved by first 
disconnecting kelly 11 from the drill string 12, then 
separating kelly connector 25 from cable connector 37 
of the top cable section, and ?nally reeling in the string 
of cable sections 36. Connector 38 secured to connec 
tor 31 of cable 30 pulls free separating the string of 
cable sections 36 from cable 30. The drill string 12 then 
can be withdrawn in the usual manner until the pipe 
section, e.g., section 33, containing the spider 32 is 
reached. The continuous cable 30 is then withdrawn by 
reeling it on a suitable drum. The remainder of the drill 
string 12 is then withdrawn in the conventional man 
ner. 

The drill string that was withdrawn from the borehole 
is provided with a new bit and rerun into the borehole. 
A second continuous cable 30 with instrument 21 at 
tached to its lower end is then lowered through the drill 
string 12 to the instrument setting depth. The second 
continuous cable may be longer than the previous one 
by an amount about equal to the advancement of the 
borehole made by the previous bit run. A new cable 
may be employed for this purpose or a length of cable 
about equal to the advancement of the borehole may 
be attached to the ?rst continuous cable 30. The equip 
ment is assembled in the manner described above, and 
drilling and telemetry operations resumed. The cable 
sections 36 withdrawn from the drill string may be re 
used as individual lengths of pipe are added to the drill 
string 12. 
An important feature of the invention is that the 

number of connectors required to maintain electric 
continuity from the subsurface terminal to the surface 
terminal need be employed only in a minor fraction of 
the total conductor. This is schematically illustrated in 
FIGS. 8-10. For purposes of illustration, let it be as 
sumed that the well is about 5,000 feet where wellbore 
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telemetry operations are to commerce; further, each 
bit is capable of drilling about 500 feet. During the ini 
tial bit run at this depth, the borehole is advanced from 
5,000 to 5,500 feet. This advancement will be in incre 
ments about equal to the length of a pipe section, e.g. 
about 30 feet. The drill string 12 and conductor 22 are 
lengthened for each incremental advance in the man 
ner described previously. At the end of the ?rst bit run 
(see FIG. 8), the continuous cable 30 extends from 
about 500 to about 5,500 feet and the cable sections 36 
connected in end-to-end relation by about 17 connec 
tors (assuming 30-feet joints of drill pipe are used) ex 
tend from the top of the drill string 12 to about 500 
feet. The drill string 12, and conductor 22, are with 
drawn from the borehole and the operations repeated 
for a second bit run. 
At the end of the second bit run (see FIG. 9), the sec 

ond continuous cable 30 extends from about 500 feet 
to about 6,000 feet, or 500 feet more than the length 
of the ?rst continuous cable; and the length of the cable 
sections 36 remains about the same, extending from the 
upper end of the drill string 12 to about 500 feet. 
The operations are repeated for a third bit run which 

is illustrated in FIG. 10, showing the third continuous 
cable 30 now extending from about 500 feet to about 
6,500 feet and the cable sections 36 extending from the 
upper end of the drill string to about 500 feet. 
These operations may be repeated several times over; 

or wellbore telemetry operations may be interrupted 
for several bit runs and resumed at a later time. Of 
course it will be understood that there will be variations 
in the footage that each bit is capable of drilling; that 
is, some bit runs may be as low as 100 feet or may be 
as long as 1,000 feet and even longer. It also will be un 
derstood that the method is not limited to the drilling 
capability of the bit. For example, wellbore telemetry 
operations may be interrupted for reasons other than 
withdrawing the drill string or replacing the bit. In this 
regard, it should be noted that the apparatus disclosed 
in this preferred embodiment permits the cable sec 
tions 36 to be withdrawn from the drill string 12 en 
abling drilling operations to continue in the conven 
tional manner. 
A'comparison of FIGS. 8-10 reveals that lengths of 

the cable sections 36 remain about the same whereas 
the continuous cable 30 is lengthened for each bit run. 
Note that the combined length of cable sections 36 
never exceeds the length of the continuous cable 30. 
This method thus permits a substantial reduction in 
connections required in the conductor over that re 
quired in many prior art techniques. In the above exam 
ple, only 18 connectors were required in each of the 
three operations. If the cable 30 is lengthened after 
each bit run by adding a length of cable section equal 
to the length drilled by that bit run, one additional con 
nector will be required for each successive bit run. 
There are a number of arrangements capable of pro 

viding the conductor sections in the upper portion of 
the drill string 12. The conductor sections may be per 
manently mounted in the drill pipe joints such as those 
described in US. Pat. Nos. 3,518,608 and 3,518,609. 
Preferably, however, the conductor sections are pro 
vided by a cable section which can be threaded through 
each length of pipe to be added to the drill string. 
The present invention also contemplates that the 

upper cable sections 36 may be provided by armored 
cable, in which case the connectors for joining adjacent 
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10 
cable sections must be adapted to anchor the armor as 
well as provide electric continuity across the connec 
tion. The use of armored cable joined by suitable con 
nectors permits the entire conductor to be supported Y 
on the kelly cable 24, assuming, of course, that this 
cable is also armored and that connector 25 has suffi 
cient mechanical strength to bear the weight of the en 
tire conductor string 22. 
One embodiment of an armored cable connector 

suitable for use in this second embodiment is shown in 
FIGS. 11 and 12. The connector assembly designated 
generally as 55 includes a lower body section 56 and an 
upper body section 57, each having an axial passage 
formed therein for receiving the conductor and con 
nectors. A lower cable section 36 which in this embodi 
ment will be provided by armored cable extends up 
ward into the lower end of the body section 56 and ter 
minates in a female connector 62. Strands stripped 
from the cable section 36 pass through axial openings 
58 formed in a clamping sleeve 60. The strands are an 
chored by means of nut 59 threadedly connected to 
collar 60. The anchoring assembly is maintained to the 
lower body section 56 by collar 61. 
A bulkhead connector 63 is threadedly connected to 

the interior of the lower body section 56. The pin (not 
shown) of the bulkhead connector 63 extends down 
wardly and mates with the female connector 62. An 0 
ring 64 positioned at the base of the bulkhead connec 
tor provides a ?uid tight seal between the connector 63 
and body section 56. A second bulkhead connector 65 
is also threadedly connected to the interior of the lower 
body section 56 and is provided with an‘ upwardly ex 
tending pin (not shown). This connector is also pro 
vided with an O-ring 66 at its base. An insulated con 
ductor 67 interconnects the interior contacts of bulk 
head connectors 63 and 65. 
A second, upper armored cable also illustrated as 36 

in FIG. 11 extends downwardly into the upper body 
section 57 and is similarly provided with a cable anchor 
comprising sleeve 68, nut 69, and collar 70. The con 
ductor wire of cable 36 extends through the upper body 
section 57 terminating in the female connector 71. 
Connector 71 is maintained in place by bushing 72. 
The lower and upper body sections 56 and 57 are 

separable and are adapted to be joined by coupling 73. 
Coupling 73 is mounted on the upper body section 57 
for relative rotation thereon, and it is provided with in 
ternal threads adapted to mate with external threads 
formed on the lower body section 56. A spring-loaded 
locking sleeve 74 is also provided to insure that the 
parts are maintained in assembled relation. The locking 
sleeve 74 includes a lug 75 adapted to ?t snugly into a 
complementary shaped recess 76 formed in the lower 
edge of coupling 73 (See FIG. 12). The locking sleeve 
74 is mounted for relative axial movement on the body 
section 56. The connection between the locking sleeve 
74 and body v56 may be splined or grooved so as to pre 
vent relative rotational movement. 
The female connectors 62 and 71 may be similar to 

those illustrated in FIG. 4. 
During drilling operations, the cable sections 36 may 

be joined in the manner described previously with ref‘ 
erence to FIGS. 6 and 7. With the upper cable section 
36 positioned above an adjacent cable section (each 
cable section being provided with complementary 
halves of the connector assembly 55) the connector 71 
is mated with the pin of bulkhead connector 65. The 
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coupling 73 is then screwed onto the lower body sec 
tion 56, and ?nally the locking sleeve 74 which has 
been maintained in a retracted position, is moved up 
wardly until the lug 75 enters the recess 76 formed in 
the lower edge of collar 73. As cable sections 36 are 
added to the conductor 22, it may be necessary to re 
move slack from the conductor. This may be achieved 
by periodically overlapping a portion of a cable section 
to remove slack from the conductor and securing the 
overlapped portions; or by using spiders as described 
above. 
Although the present invention has been described 

with reference to conventional rotary drilling opera 
tions, it can also be used with other types of drilling 
equipment including turbo drills and positive displace 
ment hydraulic motors. These devices normally include 
a motor or turbine mounted on the lower end of the 
drill string and adapted to connect to and drive a bit. 
The motor or turbine powered by the drilling ?uid 
drives the drill bit while the drill string remains station 
ary. When this type subsurface drilling device is used 
in directional drilling operations, the present invention 
provides a highly useful means for transmitting direc 
tional data to the surface. 

I claim: 
1. A method of establishing and maintaining electric 

continuity between a subsurface terminal in a well and 
a surface terminal which comprises: 

a. lowering a pipe string in said well by connecting a 
plurality of pipe sections together in end-to-end re 
lation; 

b. lowering a ?rst electric conductor in said pipe 
string to establish electric continuity between said 
subsurface terminal near the lower end of said pipe 
string and said surface terminal; 

c. repeatedly advancing said well by an amount suf? 
cient to require lengthening said pipe string; 

d. for each of such advancements, adding a length of 
pipe to said pipe string and a conductor section to 
said first electric conductor. 

2. A method as de?ned in claim 1 wherein said ?rst 
electric conductor is substantially free of connectors. 

3. A method as de?ned in claim 1 wherein said ?rst 
electric conductor comprises armored cable. 

4. A method as de?ned in claim 2 wherein each of 
said conductor sections comprises insulated electric 
cable free of armor. 

5. A method as de?ned in claim 2 wherein the com 
bined length of the conductor sections added according 
to step (d) is less than the length of said ?rst conductor. 

6. A method of establishing and maintaining electric 
continuity between a subsurface location within a well 
and the surface which comprises: 

a. lowering in said well a pipe string comprising a plu 
rality of pipe sections connected together in end 
to-end relation; 

b. lowering in said pipe string a continuous electric 
cable to establish electric continuity from a subsur 
face terminal and a surface terminal; and 

c. advancing said well in increments of predeter~ 
mined length and for each incremental advance 
ment, lengthening said pipe string and said electric 
cable by: 
threading a cable section through a length of pipe 

to be added to said pipe string; 
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12 
connecting said cable section to the upper end of 

the cable in said drill string and said surface ter 
minal; and 

connecting said length of pipe into said pipe string. 

7. A method as de?ned in claim 6 wherein the step 
of lowering said continuous electric cable in said pipe 
string includes supporting the upper end of said contin 
uous electric cable on said pipe string. 

8. A method as defined in claim 6 wherein the total 
length of cable sections added to the electric cable ac 
cording to step (c) never exceeds the length of said 
continuous electric cable. 

9. A method of drilling a well while maintaining an 
electric circuit between a subsurface location in said 
well and the surface which comprises: 

a. lowering a pipe string in said well, said pipe string 
comprising a plurality of pipe sections; 

b. lowering a ?rst electric cable into said pipe string, 
said ?rst electric cable establishing electric circuit 
between a subsurface terminal near the lower end 
of said pipe string and a surface terminal; 

0. repeatedly advancing said well in increments suf? 
cient to require lengthening said pipe string, and 
for each increment so advanced, lengthening said 
pipe string and electric cable in said pipe string by 
disconnecting said pipe string and separating elec 
tric cable at the surface, threading an electric cable 
section through a length of pipe, connecting said 
cable section with the electric cable in the pipe 
string to reestablish the electric circuit between 
said terminals, and connecting the length of pipe 
into said pipe string, the total length of said cable 
sections being less than the length of said ?rst elec 
tric cable. 

10. A method as recited in claim 9 and further com 
prising: 

d. withdrawing said pipe string so lengthened, said 
?rst electric cable, and said cable sections from 
said well; 

e. lowering said pipe string withdrawn in step (a) into 
said well; and 

f. lowering a second electric cable into said pipe 
string, said second electric cable being substan 
tially longer than said ?rst electric cable and ex 
tending from a subsurface terminal near the lower 
end of said pipe string to a surface terminal; and 

g. repeatedly advancing said well in increments suffi 
cient to require lengthening said pipe string, and 
for each increment so advanced lengthening said 
pipe string and electric cable in said pipe string by 
disconnecting said pipe string and electric cable at 
the surface, threading an electric cable section 
through a length of pipe, connecting said cable sec 
tion with electric cable in the pipe string to reestab 
lish the electric circuit between said terminals, and 
connecting the length of pipe into said pipe string, 
the total length of said cable sections being less 
than the length of said second electric cable. 

11. A method of maintaining an electric conductor 
within a pipe string used to drill a well which comprises: 

a. lowering a continuous electric cable through a pipe 
string which comprises a plurality of pipe sections 
disposed in a well to provide an electric conductor 
between a subsurface terminal near the lower end 
of said pipe string and a surface terminal; 
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b. supporting the upper end of said cable on said pipe cable in said pipe string to extend said conductor 
String; and thereby reestablishing electric continuity be 

c- repeatedly advancing Said we“ in increments of tween said subsurface and surface terminals, and 
predetermined fimoum; and , _ inserting said length of pipe into said pipe to 

d. for each of said advancements, lengthening said 5 lengthen Said pipe String‘ 
pipe String and the electric conductor therein by 12. A method as recited in claim 11 and further ad 
disconnecting said pipe string and separating elec- , _ _ 
tric cable contained therein at the Surface’ thread_ Justing the length of at least one cable section used to 
ing ?exible electric cable section free of protective extend Said electric conductor in Said Pipe String to re'_ 
armor through a length of pipe to be inserted in the 10 move excess Slack from Said cable sections. 
pipe string, connecting said cable section with * * * * * 
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