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(57) Abregé/Abstract:

A logging system for use in a wellbore formed In an earth formation is disclosed. The system comprises a tubular conduit (9)
extending from surface into the wellbore and containing a body of wellbore fluid, a logging tool string (12) capable of passing from a
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(57) Abrege(suite)/Abstract(continued):

position within the conduit to a position outside the conduit at a lower end part thereof and capable of being suspended by the
condult in said position outside the conduit, and a pressure pulse device (18) arranged within the conduit in a manner that the
pressure pulse device Is In data communication with the logging tool. The pressure pulse device Is capable of generating pressure

pulses In the body of wellbore fluid, sald pressure pulses representing data communicated by the logging tool string to the pressure
pulse device during logging of earth formation by the logging tool string.
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(57) Abstract: A logging system for use in a wellbore formed in an earth formation is disclosed. The system comprises a tubular
conduit (9) extending from surface into the wellbore and containing a body of wellbore fluid, a logging tool string (12) capable of
- passing from a position within the conduit to a position outside the conduit at a lower end part thereof and capable of being suspended
by the conduit in said position outside the conduit, and a pressure pulse device (18) arranged within the conduit in a manner that the
o pressure pulse device is in data communication with the logging tool. The pressure pulse device is capable of generating pressure
pulses in the body of wellbore fluid, said pressure pulses representing data communicated by the logging tool string to the pressure
pulse device during logging of earth formation by the logging tool string.
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LOGGING SYSTEM FOR USE IN A WELLBORE

The present invention relates to a logging system for
use in a wellbore formed in an earth formation and to a
method of logging the earth formation, wherein a tubular
conduit containing a body of wellbore fluid extends from
surface into the wellbore. The tubular conduit can be,
for example, a drill string or a wellbore casing.

Logging systems used for logging earth formations
include wireline operated logging tools and wireless
logging tools. Generally, wireless logglng tools are
battery powered and are provided with an electronic
memory for storing the logging data. After conducting a
logging run, the tool is retrieved to surface where the
logging data are read out from the electronic memory.

A problem relating to the use of wireless logging

tools is that during logging no information is available

to the operator with regard to the functioning of the
logging tool. For example, in case the logging tool 1is
not correctly deployed in the borehole during the logging

operation, the operator will notice the incorrect

“deployment only during read out of the electronic memory

after one or more logging runs have been carried out. In
such situation valuable drilling rig time is lost as it
may be required to re-run the logging tool in the same

wellbore interval. Also, circumstances may prevent re-

running of the logging tool in the same wellbore
interval, leading to the absence of useful logging data
for the interval.

It is an object of some embodlme.nts of the invention to provide an
improvec logging system which overcomes the problem of

conventional wireless logging systems.
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It is a further object of some embodiments of the

invention to provide an improved method of logging.

In accordance with an embodiment of the invention there

1s provided a logging system for use 1n a wellbore formed

in an earth formation, comprising

- 2 tubular condulit extending from surface into the
wellbore and containing a body of wellbore fluid;

- a logging tool string capable of passing from a
position within the conduit to a position outside the

conduit at a lower end part thereof and capable of being

suspended by the conduit in said position outside the
condult;

- a pressure pulse device arranged within the conduit
1N a manner that-the pressure pulse device is in data
communication with the logging tool, the pressure ﬁﬁlse
device being capable of generating pressure pulses in the
body of wellbore fluid, sald pressure pulses representing
data communicated by the logging tool string to the
pressure pulse device during logging of earth formation
by the logging tool string; and

- a control system in fluid communication with the body
of wellbore fluid and being arranged to receive said
pressure pulses.

The method according to an embodiment of the invention

of logging an earth formation in the vicinity of a
wellbore formed in the earth formation whereby a tubular
condult containing a body of wellbore fluid extends from

surface i1nto the wellbore, comprises:

a) passing a logging tool string from & position within

the conduit to a position outside tne conduit at a lower

end part thereof and suspending the logging tool string

from the conduilt in said position outside the condult;

b) arranging a pressure pulse device 1n the conduit in &

| e

manner that the pressure pulse device 18 in data

communication with the logging tool, the pressure pulse
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device being capable of generating pressure pulses in the
pbody of wellbore fluid, said pressure pulses representing
data communicated by the logging tool string to the

pressure pulse device during logging of the logging tool

string in the wellbore;

C) arranging a control system in fluid communication
with the body of wellbore fluid and in a manner so as to

recelve sald pressure pulses; and

d) 1inducing the logging tool string to log the earth

formation and inducing the pressure pulse device to
generate pressure pulses in the body of wellbore fluid,
sald pressure pulses representing data communicated by
the logging tool string to the pressure pulse device

during logging of the logging tool string.

It i1s thereby achieved that the pressure pulse device
generates pressure pulses in the body of wellbore fluid

representative of the logging operation, which pressure

pulses are detected by the control system at surface. The

operator 1is thereby in a position to evaluate the

gr—

functioning of the logging tool string during the logging

operation, and to take appropriate measures at an early

stage 1f necessary.

The invention will be described hereinafter in more

yubun

detail by way of example and with reference to the

accompanylng drawings, in which
Fig. 1 schematically shows a first embodiment of the

logging system of the invention, using a casing extending

in the wellbore;

Fig. 2 schematically shows a second embodiment of the

P

logging system of the invention, using a drill string

extending 1n the wellbore; and

Fig. 3 schematicaly shows the embodiment of Fig. 2

during a further stage of operation.

In the Figures like reference numerals relate to like

components.
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Referring to Fig. 1 there is shown a wellbore 1
formed in an earth formation 2, the wellbore being filled

with drilling fluid. The wellbore has an upper portion

provided with a casing 4 extending from a drilling rig
(not shown) at surface 8 into the wellbore 1 to a casing
shoe 5, and an open lower portion 7 extending below the

casing shoe 5. A tubular drill string 9 containing a body

of drilling fluid 10 and having an open lower end 11

extends from the drilling rig into the wellbore 1 whereby

- the open lower end 11 is arranged in the open lower

)

wellbore portion 7. A logging tool string 12 capable of

being lowered or raised through the drill string 9, is

retrievably suspended in the drill string 9 by suitable
means (not shown). The string 12 includes a repeat
formation tester (RFT) tool 14 having retractable

arms 16, and a fluild pressure pulse device 18 arranged at
the upper side of the RFT tool 14, whereby the RET

tool 14 extends below the lower end part 11 of the drill

string 9 and the pressure pulse device 18 is arranged

within the drill string 9. The RFT tool 14 is powered by

a battery (not shown) and is provided with an electronic

memory {(not shown) for storing logging data. The fluid

pressure pulse device 18 has a variable flow restriction

(not show) which is controlled by electric signals

transmitted by the RFT tool 14 to the pressure pulse

device 18, which signals represent part of the logging

data produced by the RFT tool 14 during logging of the
earth formation 2. The upper end of the logging tool

string 12 is provided with a latch 20 for latching of a
wireline (not shown) to the string 12.

A wellhead 22 is connected to the upper end of the

casing 4 and is provided with an outlet conduit 24

debouching in a drilling fluid reservoir 26 provided with

a sultable sieve means (not shown) for removing drill

cuttings from the drilling fluid. A pump 28 having an
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inlet 30 and an outlet 32 is arranged to pump drilling

fluid from the fluid reservoir 26 into the upper end of

the drill string 9.

A control system 34 located at surface is connected

to the drill string 9 for sending or receiving fluid

pressure pulses in the body of drilling fluid 10 to or

from the fluid pressure pulse device 18.

The second embodiment shown in Fig. 2 is largely
similar to the first embodiment, except with respect to
the following aspects. The drill string is provided with
a drill bit 40 at the lower end thereof, a measurement-

while-drilling (MWD) device 42 is removably arranged in

the lower end part of the drill string, and the logging
tool string 12 is shown as being lowered through the

drill string 9. The drill bit 40 is provided with a

passage 44 1n fluid communication with the interior of

the drill string 9, which passage 44 is provided with a

closure element 46 removable from the passage 44 in

outward direction and connected to the MWD device 42. The

lower end of the logging tool string 12 and the upper end

 d

of the MWD device 42 are provided with respective co-

¢ 1)

operating latching members 48a, 48b capable o:

latching
the logging tool string 12 to the MWD device 42.

Furthermore, the logging tool string 12 is provided with

pump cups >0 for pumping the logging tool string 12

through the drill string, either in downward or upward

direction thereof.

The closure element 46 has a latching mechanism (not

shown) for latching the closure element 46 to the drill

bit 40. The latching mechanism is arranged to co-operate

with the latching members 48a, 48b in a manner that the

closure element 46 unlatches from the drill bit 40 upon

latching of latching member 48a to latching member 48b,
and that the closure element 46 latches to the drill
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'

bit 40, and thereby closes passage 44, upon unlatching o:

latching member 48a from latching member 48b.

In Fig. 3 is shown the embodiment of Fig. 2 during a
further stage of operation whereby the logging tool
string 12 has been latched to the MWD device 42 and the
closure element 46 has been unlatched from the drill

bit 40. The drill string 9 has been raised a selected

distance i1n the wellbore 1 so as to leave a space 52
between the drill bit 40 and the wellbore bottom. The
logging tool string 12 is suspended by the drill string 9
in a manner that the RFT tool 14 extends through the
passage 44 to below the drill bit 40, and that the

pressure pulse device 18 is arranged within the drill

string 9. The MWD device 42 and the closure element 46
consequently extend below the logging tool string 12.

During normal operation of the embodiment of Fig. 1,

the drill string 9 is lowered into the wellbore 1 until

the lower end of the string 9 is positioned in the open
wellbore portion 7. Next the logging tool string 12 is
lowered from surface through the drill string 9 by means
of a wireline (not shown) latched to the logging tool
string 12 at latch 20, whereby during lowering the

arms 16 are retracted. Lowering continues until the RFT .
tool 14 extends below the drill string 9 while the
pressure pulse device 18 is positioned within the drill
string 9, in which position the logging tool string 12 is
suitably supported. The arms 16 are then extended against

the wall of the wellbore and the RFT tool 14 is induced

to log the earth formatlion 2. The logging data are stored

1n the electronic memory, and part of the logging data
are transmitted by the RFT device 14 in the form of
electric signals to the pressure pulse device 18, which

F

signals induce controlled variations of the wvariable flow

restriction.
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Simultaneously with operating the logging tool

string 12, drilling fluid is pumped by pump 28 from the

fluid reservoir 26 into the drill string 9 via inlet 30

and outlet 32. The controlled variations of the wvariable

flow restriction induce corresponding pressure pulses in

the body of drilling fluid present in the drill string 9,

which pressure pulses are monitored by the control

system 34. In this manner the operator is in a position

to monitor the logging operation and to take corrective

I

action 1f necessary. For example, incorrect deployment o:

the arms 16 of the RFT tool can be detected in this

manner at an early stage.

After the logging run has been completed, the logging

tool string 12 is retrieved through the drill string 9 to

surface by wireline connected to latch 20. Optionally the

drill string 9 is then removed from the wellbore 1.

—

During normal operation of the embodiment of Figs. 2

and 3, the drill string 9 is operated to drill the lower

wellbore portion 7 whereby the closure element 46 is

latched to the drill bit 40 so as to form a part thereof.

The MWD device 42 induces fluid pressure pulses in the

r—

pbody of drilling fluid 10 representative of selected

drilling parameters such as wellbore inclination or

'

wellbore temperature. The use of MWD devices is known in

the art of drilling, and will not be explained in more

detail in this context as it does not form part of the

invention.

When 1t is desired to log the earth formation 2
surrounding the open wellbore portion 7, the logging tool
string 12 is pumped down the drill string 9 using pump 28
until the logging tool string 12 latches to the MWD

device 42 by means of latching members 48a, 48b. During

lowering of the string 12, the arms 16 of the RFT tool

are retracted. Then the drill string 9 is raised a

_

selected distance until there is sufficient space below
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the drill string for the RFT tool 14, the MWD device 42

and the closure element 46 to extend below the drill

_

bit 40. Upon latching of latching member 48a to latching

member 48b, the closure element 46 unlatches from the

drill bit 40. Continuous operation of pump 28 causes

E

further downward movement of the combined logging tool

string 12, MWD device 42 and closure element 46 until the
logging tool string 12 becomes suspended by the drill
string. In this position (shown in Fig. 3) the REFT

tool 14 extends through the passage 44 into the space 52
pbelow the drill bit 40, and the pressure pulse device 18

and closure element 46 extend below the RFT tool in said

space b52.

_

The arms 16 are then extended against the wall of the

wellbore and the RFT tool 14 is induced to log the earth

formation 2. The logging data are stored in the

electronic memory, and part of the logging data are

transmitted by the RFT device 14 in the form of electric

signals to the pressure pulse device 18, which signals

F

induce controlled wvariations of the variable flow

restriction of the MWD device 42.
Simultaneously with operating the logging tool
string 12, drilling fluid is pumped by pump 28 from the

fluid reservoir 26 into the drill string 9 via inlet 30

and outlet 32. The controlled variations of the wvariable

flow restriction induce corresponding pressure pulses in

=

the body of drilling fluid present in the drill string 9,

which pressure pulses are monitored by the control

system 34. Thus, the operator is in a position to monitor

y—
—

the logging operation and to take corrective action if

necessary (similarly to the embodiment of Fig. 1).

After logging has been completed, the logging tool

string 12 1is retrieved to surface through the drill

string 9 by wireline connected to latch 20. During

retrieval the closure element 46 latches to the drill
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bit 40 (thereby closing the passage 44) and the latching

members 48a, 48b unlatch. Alternatively the logging tool

string can be retrieved to surface by reverse pumping of

drilling fluid, i.e. pumping of drilling fluid down

through the annular space between the drill string 9 and

the wellbore wall and into the lower end of the drill

string 9. Optionally a further wellbore section then can

be drilled, or the drill string 9 can be removed from the

wellbore 1.

Instead of lowering the logging tool string from

surface through the drill string, the logging tool string

can be latched into a lower section of the drill string

during lowering of the drill string into the wellbore. At
the desired depth the logging tool string is then moved

to the exterior of the drill string by, for example,

pumping a ball or a dart down the drill string so as to

[

activate the latch release mechanism of the logging tool

string.
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CLAIMS:
1. A logging system for use 1n a wellbore formed in

an earth formation, comprising:

- a tubular conduit extending from surface into

the wellbore and containing a body of wellbore fluid;

- a logging tool string capable of passing from a
position within the conduilt to a position outside the
conduit at a lower end part thereof and capable of being

suspended by the conduit 1n said position outside the

condult;

- a pressure pulse device arranged within the

condult 1n a manner that the pressure pulse device is in

data communication with the logging tool, the pressure pulse

device being capable of generating pressure pulses in the

body of wellbore fluid, said pressure pulses representing
data communicated by the logging tool string to the pressure
pulse device during logging of earth formation by the

logging tool string; and

- a control system 1n fluid communication with the
body of wellbore fluid and being arranged to receive said

pressure pulses.

2. The logging system of claim 1, wherein the logging

gy
p—

Lrom

tool string 1s capable of passing through the conduit

surface to said position outside the conduit.

3. The logging system of claim 1 or 2, further

comprising means for lowering and/or retrieving the logging

tool string through the conduit.
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4 . The logging system of any one of claims 1-3,

wherein the tubular conduilt 1s one of a wellbore casing and

a drill string.

5. The logging system of any one of claims 1-4,

wherein the tubular conduit 1s a drill string for drilling
the wellbore, and the logging tool string 1s suspended by

the drill string in a manner that the logging tool string

extends below the drill string and in an open part of the

wel lbore.

6 . The logging system of claim 5, wherein the drill
string 1ncludes a drill bit having a passage for passage
therethrough of the logging tool string, and wherein the
logging tool string 1s suspended by the drill string in a
manner that part of the logging tool string extends in said

passage.

7. The logging system of claim 5 or 6, wherein the
logging tool string has a lower end part latched to a

measurement while drilling (MWD) device for transmitting

fluidic pressure pulses to surface during drilling with the
drill string, wherein both the logging tool string and the
MWD device extend outside the conduit at the lower end part

thereof.

8 . A method of logging an earth formation in the
vicinity of a wellbore formed in the earth formation,
whereby a tubular conduilt containing a body of wellbore

fluid extends from surface into the wellbore, the method

comprising

a) passing a logging tool string from a position
within the conduit to a position outside the conduit at a

lower end part thereof and suspending the logging tool
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string from the condult in said position outside the

conduit;

b) arranging a pressure pulse device 1in the
condult 1n a manner that the pressure pulse device 1s 1n
data communication with the logging tool, the pressure pulse
device belng capable of generating pressure pulses 1n the

ph—

body of wellbore fluid, said pressure pulses representing

data communicated by the logging tool string to the pressure
pulse device during logging of the logging tool string 1in

the wellbore;

c) arranging a control system in fluid
communication with the body of wellbore fluid and in a

manner so as to receive said pressure pulses; and

d) inducing the logging tool string to log the
earth formation and inducing the pressure pulse device to
generate pressure pulses 1n the body of wellbore fluid, said
pressure pulses representing data communicated by the
logging tool string to the pressure pulse device during

P

logging of the logging tool string.

0. The method of claim 8, wherein the logging tool
string and the pressure pulse device are interconnected, and

wherein steps a) and b) are carried out simultaneously.

10. The method of claim 8 or 9 wherein the tubular

conduilt 1s a drill string and step a) is preceded by

drilling a section of the wellbore with the drill string
whereby a measurement while drilling (MWD) device 1is
arranged within the drill string, wherein the logging tool
string has a lower end part provided with latching means for

latching of the logging tool string to the MWD device, and

whereln step a) 1includes latching the logging tool string to

the MWD device.
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11. The method of claim 10, wherein step a) includes
suspending the logging tool string from the conduit in a
manner that both the logging tool string and the MWD device

extend outside the conduit at the lower end part thereof.

SMART & BIGGAR

PATENT AGENTS

OTTAWA, CANADA
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