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(57) ABSTRACT 

A system and method for closing a subterranean valve (22) 
to terminate a reverse cementing operation is disclosed. The 

system comprises an interrogator (44) operably associated 
With the valve (22) that detects at least one detectable 
member (52) that is associated With an interface (50) 
betWeen a ?rst ?uid (48) and a cement composition (54) that 
is pumped through an annulus (26) betWeen a pipe string 
(20) and a Wellbore (18). The detectable member (50) is 
detectable by the interrogator (44) When the detectable 
member (50) comes Within communicative proximity With 
the interrogator (44). Once the interrogator (44) detects the 
detectable member (50), the interrogator (44) sends a signal 
indicating it is time to close the valve (22), thereby termi 
nating the cementing process and alloWing the cement (54) 
to set in the annulus (26) into a hard, substantially imper 
meable mass. 
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SYSTEM AND METHOD FOR ACTUATING A 
SUBTERRANEAN VALVE TO TERMINATE A 

REVERSE CEMENTING OPERATION 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates, in general, to con 
trolling the actuation of a subterranean valve and, in par 
ticular, to a system and method for actuating a subterranean 
valve upon con?rmation that cement has reached the far end 
of the annulus betWeen the casing and the Wellbore during 
a reverse cementing operation. 

BACKGROUND OF THE INVENTION 

[0002] Without limiting the scope of the present invention, 
its background Will be described With reference to cement 
ing a string of casing Within a Wellbore as an example. 

[0003] In primary cementing operations carried out in oil 
and gas Wells, a hydraulic cement composition is disposed 
betWeen the Walls of the Wellbore and the exterior of a pipe 
string, such as a casing string, that is positioned Within the 
Wellbore. The cement composition is permitted to set in the 
annulus thereby forming an annular sheath of hardened 
substantially impermeable cement therein. The cement 
sheath physically supports and positions the pipe in the 
Wellbore and bonds the pipe to the Walls of the Wellbore 
Whereby the undesirable migration of ?uids betWeen Zones 
or formations penetrated by the Wellbore is prevented. 

[0004] One method of primary cementing involves pump 
ing the cement composition doWn through the casing and 
then up through the annulus. In this method, the volume of 
cement required to ?ll the annulus must be calculated. Once 
the calculated volume of cement has been pumped into the 
casing, a cement plug is placed in the casing. A drilling mud 
is then pumped behind the cement plug such that the cement 
is forced into and up the annulus from the far end of the 
casing string to the surface or other desired depth. When the 
cement plug reaches a ?oat shoe disposed proximate the far 
end of the casing, the cement should have ?lled the entire 
volume of the annulus. At this point, the cement is alloWed 
to dry in the annulus into the hard, substantially imperme 
able mass. 

[0005] It has been found, hoWever, that due to the high 
pressure at Which the cement must be pumped, at a pressure 
above the hydrostatic pressure of the cement column in the 
annulus plus the friction pressure of the system, ?uid from 
the cement composition may leak off into a loW pressure 
Zone traversed by the Wellbore. When such leak off occurs, 
the remainder of the cement composition near this loW 
pressure Zone ?ash freeZes and sets at that location in the 
annulus. Once this occurs, additional cement cannot be 
pumped past this location and all the cement in the system 
sets. Thereafter, remedial cementing operations, commonly 
referred to as squeeZe cementing, must be used to place 
cement in the remainder of the annulus. In addition, a large 
mass of cement that Was intended to be placed in the annulus 
must noW be drilled out of the casing. 

[0006] Accordingly, prior art attempts have been made to 
avoid the problems associated With ?uid leak off into loW 
pressure Zones during cementing operations. One method of 
avoiding such problems is called reverse cementing Wherein 
the cement composition is pumped directly into the annulus. 
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Using this approach, the pressure required to pump the 
cement to the far end of the annulus is much loWer than that 
required in conventional cementing operations. Thus, the 
likelihood of ?ash freeZing the cement in the annulus before 
the entire annulus is ?lled With cement is signi?cantly 
reduced. 

[0007] It has been found, hoWever, that With reverse 
cementing it is necessary to identify When the cement begins 
to enter the far end of the casing such that the cement pumps 
may be shut off. Continuing to pump cement into the 
annulus after cement has reached the far end forces cement 
into the casing, Which in turn may necessitate a drill out 
operation. 

[0008] One method of identifying When the cement has 
reached the far end of the annulus involves running a 
neutron density tool doWn the casing on an electric line. The 
neutron density tool monitors the density out to a predeter 
mined depth into the formation. When the cement begins to 
replace the drilling mud in the annulus adjacent to the 
neutron density tool, the neutron density tool senses the 
change in density and reports to the surface that it is time to 
stop pumping additional cement into the annulus. Another 
method of identifying When the cement has reached the far 
end of the annulus involves running a resistivity tool and a 
Wireless telemetry system doWn the casing on a Wireline. 
The resistivity tool monitors the resistivity of the ?uid in the 
casing such that When the cement begins to replace the 
drilling mud in the casing, a Wireless signal is sent to the 
surface indicating it is time to stop pumping additional 
cement into the annulus. 

[0009] It has been found, hoWever, that use of such 
retrievable tool systems is prohibitively expensive. In fact, 
numerous neutron density tools and resistivity tools have 
been ruined during such operations as a result of the cement 
entering the far end of the casing and contacting these tools. 

[0010] Therefore, a need has arisen for a system and 
method for cementing the annulus betWeen the Wellbore and 
the casing that does not require pumping the cement at 
pressures that alloW for leak off into loW pressure Zones. A 
need has also arisen for such a system and method that 
identify When to stop pumping additional cement into the 
Wellbore. Further, a need has arisen for such a system and 
method that do not require the use of expensive equipment 
including tools that must be retrieved from the Well once the 
cementing operation is complete. 

SUMMARY OF THE INVENTION 

[0011] The present invention disclosed herein comprise a 
system and method for cementing the annulus betWeen the 
Wellbore and the casing that does not require pumping the 
cement at pressures that alloW for leak off into loW pressure 
Zones. The system and method of the present invention 
identify When to stop pumping additional cement into the 
Wellbore and do not require the use of expensive equipment 
including tools that must be retrieved from the Well once the 
cementing operation is complete. 

[0012] Broadly stated, the system of the present invention 
comprises at least one interrogator that is operably associ 
ated With an actuatable device disposed Within a Wellbore 
and at least one detectable member disposed Within a ?uid. 
The detectable member is detectable by the interrogator 
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When the detectable member comes in communicative prox 
imity With the interrogator causing the interrogator to send 
a signal to actuate the actuatable device. 

[0013] The system of the present invention may be spe 
ci?cally used for closing a subterranean valve to terminate 
a reverse cementing operation. This system comprises at 
least one interrogator operably associated With the valve, an 
interface betWeen a ?rst ?uid and a cement composition that 
is pumped through an annulus betWeen a pipe string and a 
Wellbore and at least one detectable member associated With 
the interface that is detectable by the interrogator When the 
detectable member comes in communicative proximity With 
the interrogator causing the interrogator to send a signal the 
close the valve. 

[0014] In one embodiment, the interrogator is an oscillator 
that produces a magnetic ?eld and the detectable member is 
a resonant circuit. In another embodiment, the interrogator 
comprises a radio-frequency transmitter circuit that pro 
duces a radio-frequency signal and the detectable member is 
a radio-frequency modulator that modulates the radio-fre 
quency signal and returns the modulated radio-frequency 
signal to the interrogator. In yet another embodiment of the 
present invention, the interrogator is a gamma ray detector 
and the detectable member is a gamma ray source. 

[0015] In one embodiment of the present invention, the 
interface is an interface ?uid betWeen the ?rst ?uid and the 
cement composition and the detectable member is disposed 
Within the interface ?uid. In another embodiment, the inter 
face is a mud-cement interface and the detectable member is 
disposed proximate the mud-cement interface. 

[0016] Broadly stated, the method of the present invention 
involves the steps of operably associating at least one 
interrogator With the actuatable device, disposing at least 
one detectable member Within a ?uid, detecting the detect 
able member With the interrogator When the detectable 
member comes in communicative proximity With the inter 
rogator and sending a signal from the interrogator to actuate 
the actuatable device. 

[0017] The method of the present invention may be spe 
ci?cally used for closing a subterranean valve to terminate 
a reverse cementing operation. In this case, the method 
involves the steps of operably associating at least one 
interrogator With the valve, disposing at least one detectable 
member Within an interface betWeen a ?rst ?uid and a 
cement composition, pumping the cement composition 
through an annulus betWeen a pipe string and a Wellbore, 
detecting the detectable member With the interrogator When 
the detectable member comes in communicative proximity 
With the interrogator and sending a signal from the interro 
gator to close the valve. 

BRIEF DESCRIPTION OF THE DRAWING 

[0018] For a more complete understanding of the features 
and advantages of the present invention, reference is noW 
made to the detailed description of the invention along With 
the accompanying ?gures in Which corresponding numerals 
in the different ?gures refer to corresponding parts and in 
Which: 

[0019] FIG. 1 is a schematic illustration of an onshore oil 
or gas drilling rig operating a system for actuating a sub 
terranean valve to terminate a reverse cementing operation 
of the present invention; 
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[0020] FIG. 2 is schematic illustration of a system for 
actuating a subterranean valve to terminate a reverse 
cementing operation of the present invention prior to actu 
ating the valve; 

[0021] FIG. 3 is schematic illustration of a system for 
actuating a subterranean valve to terminate a reverse 
cementing operation of the present invention folloWing the 
actuation of the valve; 

[0022] FIG. 4 is a block diagram of one embodiment of a 
system for actuating a subterranean valve to terminate a 
reverse cementing operation of the present invention; 

[0023] FIG. 5 is a block diagram of another embodiment 
of a system for actuating a subterranean valve to terminate 
a reverse cementing operation of the present invention; 

[0024] FIG. 6 is a block diagram of another embodiment 
of a system for actuating a subterranean valve to terminate 
a reverse cementing operation of the present invention; 

[0025] FIG. 7 is a ?oWchart detailing a method for actu 
ating a subterranean valve to terminate a reverse cementing 
operation of the present invention; 

[0026] FIG. 8 is schematic illustration of a system for 
actuating a subterranean valve to terminate a reverse 
cementing operation of the present invention prior to actu 
ating the valve; and 

[0027] FIG. 9 is schematic illustration of a system for 
actuating a subterranean valve to terminate a reverse 
cementing operation of the present invention folloWing the 
actuation of the valve. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] While the making and using of various embodi 
ments of the present invention are discussed in detail beloW, 
it should be appreciated that the present invention provides 
many applicable inventive concepts Which can be embodied 
in a Wide variety of speci?c contexts. The speci?c embodi 
ments discussed herein are merely illustrative of speci?c 
Ways to make and use the invention, and do not limit the 
scope of the invention. 

[0029] The present invention provides systems and meth 
ods for actuating a subterranean valve. Even though the 
systems and methods are described as being useful in 
actuating valves during reverse cementing, it should be 
understood by one skilled in the art that the systems and 
methods described herein are equally Well-suited for actu 
ating valves during other Well operations and actuating 
doWnhole equipment other than valves. 

[0030] Referring to FIG. 1, an onshore oil or gas drilling 
rig operating a system for actuating a subterranean valve to 
terminate a reverse cementing operation of the present 
invention is schematically illustrated and generally desig 
nated 10. Rig 12 is centered over a subterranean oil or gas 
formation 14 located beloW the earth’s surface 16. A Well 
bore 18 extends through the various earth strata including 
formation 14. Wellbore 18 is lined With a casing string 20. 
Casing 20 has a valve 22 that is disposed proximate the far 
end of casing 20. Valve 22 is used to selectively permit and 
prevent the ?oW of ?uids therethrough. For example, during 
a reverse cementing operation, valve 22 remains open as 
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drilling ?uids 24 is forced from annulus 26 into the far end 
of casing 20 When cement 28 is pumped, via cement pump 
30, into the near end of annulus 26. When the leading edge 
of cement 28 reaches the far end of casing 20, valve 22 is 
closed to prevent cement 28 from traveling Within casing 20. 
Thereafter, cement 28 is alloWed to set in annulus 26 to form 
a hard, substantially impermeable mass Which physically 
supports and positions casing 20 in Wellbore 18 and bonds 
casing 20 to the Walls of Wellbore 18. 

[0031] Rig 12 includes a Work deck 32 that supports a 
derrick 34. Derrick 34 supports a hoisting apparatus 36 for 
raising and loWering pipe strings such as casing 20. Pump 30 
on Work deck 32 is of conventional construction and is of the 
type capable of pumping a variety of ?uids into the Well. 
Pump 30 includes a pressure measurement device that 
provides a pressure reading at the pump discharge. 

[0032] Referring noW to FIG. 2, therein is depicted an 
enlarged vieW of a system for actuating a subterranean valve 
to terminate a reverse cementing operation of the present 
invention that is schematically illustrated and generally 
designated 40. The far end of Wellbore 18 is shoWn With 
casing 20 disposed therein. Valve 22 is positioned Within 
casing 20 and is in the open position in FIG. 2. Valve 22 may 
be of any suitable construction that is knoWn in the art such 
as ball valves, sleeve valves or the like. Valve 22 may be 
operated mechanically, electrically, electro-mechanically, 
hydraulically or by other suitable means. 

[0033] Valve 22 has an actuator 42 for operating valve 22 
betWeen the open and closed positions. Coupled to actuator 
42 is a pair of interrogators 44, 46. Interrogators 44, 46 are 
used to send a signal to actuator 42 When it is time to operate 
valve 22. In the illustrated con?guration, interrogators 44, 
46 are used to send a signal to actuator 42 When it is time to 
operate valve 22 from the open position to the closed 
position. It should be noted, hoWever, by those skilled in the 
art the interrogators 44, 46 could alternatively be used to 
operate valve 22 from the closed position to the open 
position or could be used to operate other types of actuatable 
devices. In addition, even though FIG. 2 depicts tWo inter 
rogators 44, 46, it should become apparent to those skilled 
in the art that other numbers of interrogators, either a greater 
number or a lesser number, may be used to signal actuator 
42 to operate Without departing from the principles of the 
present invention. 

[0034] Wellbore 18 is ?lled With various ?uids. As illus 
trated, the ?uids include a drilling ?uid 48, an interface ?uid 
50 including a plurality of detectable members 52 and a 
hydraulic cement composition 28. Drilling ?uid 48 may be 
any typical drilling ?uid such as a Water-based or oil-based 
drilling ?uid. Importantly, drilling ?uid 48 is used to contain 
subsurface pressure. Accordingly, drilling ?uid 48 is 
Weighted With various additives so that the hydrostatic 
pressure of drilling ?uid 48 is suf?cient to contain subsur 
face pressure along the entire depth of Wellbore 18, thereby 
preventing bloWouts. 

[0035] Interface ?uid 50 may be any suitably viscous ?uid 
that is capable of maintaining substantial separation betWeen 
drilling ?uid 48 and cement composition 28. In addition, 
interface ?uid 50 is capable of containing and transporting 
the plurality of detectable members 52 from the surface to 
the far end of Wellbore 18. For example, interface ?uid may 
be a Water-based or oil-based ?uid. 
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[0036] Cement composition 28 may be any typical 
hydraulic cementitious material including those comprising 
calcium, aluminum, silicon, oxygen and/or sulfur Which set 
and harden by reaction With Water. Such hydraulic materials 
include Portland cements, poZZolana cements, gypsum 
cements, high aluminum content cements, silica cements 
and high alkalinity cements. Portland cements are generally 
preferred for use in accordance With the present invention. 
Portland cements of the types de?ned and described in API 
Speci?cation for Materials and Testing for Well Cements, 
API Speci?cation 10, 5th Edition, dated Jul. 1, 1990 of the 
American Petroleum Institute are particularly suitable. Pre 
ferred API Portland cements include classes A, B, C, G and 
H, With API class H being the most preferred. 

[0037] The Water used in forming cement composition 28 
can be from any source provided it does not contain an 
excess of compounds that adversely affect other components 
in cement composition 28. Generally, Water is present in a 
cement slurry composition of this invention in an amount in 
the range of from about 25% to about 100% by Weight of 
hydraulic material therein and, more preferably, in an 
amount in the range of from about 30% to about 75% by 
Weight of hydraulic material therein. In addition, various 
dispersing agents can also be utiliZed in cement composition 
28. The dispersing agent functions to facilitate the dispersal 
of the solids in the Water, and alloWs the use of smaller 
amounts of Water than is the case Without the dispersing 
agent. 
[0038] The plurality of detectable members 52 are sus 
pended in interface layer 50 and circulate With interface 
layer 50 through annulus 26 and into casing 20 toWard valve 
22 as cement composition 28 is pumped into annulus 26 at 
the surface. When one or more of the detectable members 52 
come Within the communicative proximity of one or both of 
the interrogators 44, 46, interrogators 44, 46 identify the 
presence of detectable members 52 and send a signal to 
actuator 42 to close valve 22. 

[0039] As detectable members 52 are associated With 
interface ?uid 50, When detectable members 52 are detected, 
interface ?uid 50 is near valve 22. When interface ?uid 50 
is near valve 22, annulus 26 is entirely ?lled With cement 28. 
Thereafter, valve 22 is closed Which sends a pressure signal 
through the column of cement 28 in annulus 26 indicating 
that the cement pumps at the surface should be shut off. As 
best seen in FIG. 3, once detectable members 52 are Within 
the communicative proximity of interrogators 44, 46, actua 
tor 42 closes valve 22 Which prevents cement 28 from 
entering the portion of casing string 20 above valve 22. 
[0040] The detailed operation of various embodiments of 
a system for actuating a subterranean valve to terminate a 
reverse cementing operation of the present invention Will 
noW be discussed. Referring to FIG. 4, interrogator 60 and 
detectable member 62, Which is disposed Within interface 
?uid 50 betWeen drilling ?uid 48 and cement 28, are 
depicted in communicative proximity to one another. Inter 
rogator 60 is an electronic identi?cation system that utiliZes 
a magnetic ?eld modulation system to monitor for the 
presence of detectable members 62. Interrogator 60 creates 
a magnetic ?eld 64 that becomes unbalanced or detuned 
When one or more detectable member 62 pass through 
magnetic ?eld 64. 

[0041] Several different types of detectable members 62 
are suitable for use With interrogator 60. In one type, the 
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functional portion of detectable member 60 consists of either 
an antenna and diode or an antenna and capacitors forming 
a resonant circuit. When placed in electromagnetic ?eld 64 
generated by interrogator 60, the antenna-diode marker 
generates harmonics of the interrogating frequency in the 
receiving antenna. The resonant circuit marker causes an 
increase in absorption of the transmitted signal so as to 
reduce the signal in a receiving coil. The detection of the 
harmonic or signal level change by interrogator 60 indicates 
the presence of detectable member 62. 

[0042] A second type of detectable member 60 includes a 
?rst elongated element of high magnetic permeability fer 
romagnetic material disposed adjacent to at least a second 
element of ferromagnetic material having higher coercivity 
than the ?rst element. When subjected to an interrogation 
frequency of electromagnetic radiation, detectable member 
62 causes harmonics of the interrogating frequency to be 
developed in the receiving coil of interrogator 60. The 
detection of such harmonics by interrogator 60 indicates the 
presence of detectable member 62. 

[0043] When the detectable member 62 is exposed to a dc 
magnetic ?eld, the state of magnetiZation in the second 
element changes and, depending upon the design of detect 
able member 62, either the amplitude of the harmonics 
chosen for detection is signi?cantly reduced, or the ampli 
tude of the even numbered harmonics is signi?cantly 
changed. Either of these changes can be readily detected by 
interrogator 60. 

[0044] In the illustrated embodiment, interrogator 60 
includes an oscillator 66 that applies a sinusoidal current to 
tWo substantially identical electromagnetic ?eld producing 
units 68. Field producing units 68 may be of similarly 
constructed conducting coils. The lines of the magnetic ?eld 
produced by the coils are indicated by lines 64. 

[0045] Any perturbation in the ?elds produced by detect 
able member 62 is detected by a ?eld detector unit 70. 
Detector unit 70 can be a coil in Which the time varying 
?elds induce a voltage. It should be noted that in the absence 
of a ?eld perturbing object, such as detectable member 62 
When it is generally disposed in detectable proximity of the 
?eld detector unit 70, the ?eld is balanced. 

[0046] The signals produced by detector unit 70 are ampli 
?ed by an ampli?er 72. The output signal of ampli?er 72 is 
?ltered by a ?lter 74. Filter 74 provides a means of elimi 
nating any detected spurious signals at frequencies differing 
from the electromagnetic ?eld frequency resulting from the 
interaction of detectable member 62 in ?eld 64 and therefore 
provides a narroW ban signal of the desired frequency. The 
output of ?lter 74 is ampli?ed by an ampli?er 76 to provide 
a suf?cient signal level to drive both phase comparator 78 
and amplitude comparator 80. 

[0047] A portion of the output signal of ampli?er 76 is 
applied to the amplitude comparator circuit 80. When the 
output signal of ampli?er 76 is betWeen predetermined 
values, a positive logic signal is applied to detection logic 
circuits 82. Another portion of the output of ampli?er 76 is 
applied to phase comparator circuit 78. The phase of the 
ampli?er output signal is compared With the phase of 
oscillator 66. When the phases of the tWo signals differ by 
a predetermined value, a positive-logic signal is applied to 
detection logic circuits 82. The simultaneous presence of the 
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amplitude-related and the phase-related logic signals are 
necessary to activate the detection logic circuits 82. Upon 
application of the proper positive logic signals to logic 
circuits 82, an activate signal is applied to actuator 42. Valve 
actuator 42 triggers an actuation event such as the closing of 
valve 22. 

[0048] Referring next to FIG. 5, another embodiment a 
system for actuating a subterranean valve to terminate a 
reverse cementing operation of the present invention is 
depicted. An interrogator 90 and a detectable member 92, 
Which is disposed Within interface ?uid 50 betWeen drilling 
?uid 48 and cement 28, are positioned Within communica 
tive proximity of one another. Together, interrogator 90 and 
detectable member 92 may, for example, form a radio 
frequency identi?cation (RFID) system. Interrogator 90 
comprises a poWer source 94, an interrogating signal gen 
erator 96 With a sending transducer or antenna 98. In 
addition, interrogator 90 also comprises an ampli?er and 
demodulator 100 operably connected to a signal receiving 
transducer or an antenna 102. In the illustrated embodiment, 
the interrogating signal 104 and the response signal 106 are 
typically radio-frequency (rf) signals produced by an rf 
transmitter circuit. 

[0049] Detectable member 92 comprises a signal receiv 
ing and re?ecting antenna 108 and a re?ector modulator 110 
for modulating interrogating signal 104 received by the 
antenna 108 as Well as for re?ecting the modulated signal, 
response signal 106, from antenna 108. As can be seen from 
FIG. 5, the poWer source 94 poWers interrogating signal 
generator 96 to send interrogating signal 104 from antenna 
98. Preferably, poWer source 94 is four AAbatteries. Inter 
rogating signal 104 from antenna 98 passes through the ?uid 
medium and is received by antenna 108 at detectable mem 
ber 92. Modulator 110 modulates the signal in accordance 
With information desired and re?ects the amplitude modu 
lated signal, response signal 106, from antenna 108 to 
antenna 102. Antenna 102 send the signal to ampli?er and 
demodulator 100 Which processes the signal to determine 
Whether the response is from a detectable member 92. Upon 
receipt of the proper response signal, ampli?er and demodu 
lator 100 sends an activate signal to valve actuator 42. Valve 
actuator 42 triggers an actuation event such as the closing of 
valve 22. 

[0050] It should be noted that interrogating signal 104 
generated by interrogator 90 need not be a continuous Wave 
or constant in amplitude and/or frequency. It may be appro 
priate in some applications to generate an interrogating 
signal 104 that is intermittent. This might be done for 
various reasons such as conserving poWer. Many combina 
tions and variations are possible as Will be readily recog 
niZable to those skilled in the art. 

[0051] Referring noW to FIG. 6, another embodiment a 
system for actuating a subterranean valve to terminate a 
reverse cementing operation of the present invention is 
depicted. An interrogator 120 and a detectable member 122 
are shoWn in communicative proximity to one another. 
Interrogator 120 is a gamma ray detecting system that 
detects gamma rays 124 originating close to interrogator 120 
from detectable member 122 that is a radioactive source, 
Which is disposed Within interface ?uid 50 betWeen drilling 
?uid 48 and cement 28. Detectable member 122 emits 
gamma rays 124 that travel only a short distance before 
being scattered or absorbed. 
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[0052] A variety of gamma-emitting tracer isotopes are 
suitable for use Within detectable member 122, including but 
not limited to Gold198, Xenon133, Iodine131, Rubidium86, 
Chromium51, Iron59, Antimony124, Stontium85, Cobalt58, 
Iridium192, Scandium46, Zinc65, SilernO, Cobalt57, Cobalt6O 
and Krypton85. During the cementing treatment, detectable 
member 122 regularly emits gamma rays 124, Which move 
through the subterranean system in a random direction for a 
distance of perhaps one meter, and in the process are 
scattered and/or absorbed by the subterranean formation and 
steel tubular elements such as casing 20. Since gamma rays 
124 from detectable member 122 travel only a short distance 
before being absorbed, the gamma rays 124 that impinge 
upon interrogator 120 Will have originated from a location 
close to interrogator 120. In this manner, interrogator 120 is 
able to detect When cement 28 has progressed to the far end 
of Wellbore 18 proXimate valve 22. Once detection occurs, 
valve 22 may be closed and the pumping of additional 
cement 28 is stopped before the interior of casing 20 is 
cemented. 

[0053] Interrogator 120 may be a conventional gamma 
detector comprises, for eXample, a thallium activated 
sodium iodide crystal 126 coupled to a loW noise photomul 
tiplier 128 having appropriate electronics associated there 
With all of Which is encased in lead shielding. Upon detec 
tion of the proper gamma ray signal 124, an activation signal 
is sent from photomultiplier 128 to valve actuator 42 such 
that valve 22 may be closed. 

[0054] Referring noW to FIG. 7, a ?oWchart outlining the 
method for actuating a subterranean valve to terminate a 
reverse cementing operation of the present invention is 
depicted. At block 130, the valve equipped With the inter 
rogator and valve actuator is loWered into the Wellbore. The 
valve can be loWered With the casing string as an attachment 
to the casing string or, the valve could alternatively be 
loWered into the Well after the casing string has been put into 
place. 
[0055] At block 132, detectable members are placed in the 
interface ?uid and the interface ?uid is pumped into the 
annulus. At block 134, cement is pumped into the annulus. 
While cement is continuously pumped into the annulus, at 
decision 136, the interrogator is attempting to detect Whether 
the detectable members are proximate the valve. As long as 
no detectable members are detected, the pumping of addi 
tional cement into the annulus continues. When the interro 
gator detects the detectable member at block 138, the 
interrogator sends a signal to the valve actuator at block 140. 

[0056] At block 142, the actuator closes the valve such 
that no additional ?uid may ?oW into the casing. This creates 
a pressure signal that is detected at the hydraulic pump at 
block 144. The cement pumping is discontinued at block 
146. The cement in the annulus is alloWed to set and form 
a hard, substantially impermeable mass Which physically 
supports and positions the casing in the Wellbore and bonds 
the casing to the Walls of the Wellbore in block 148. 

[0057] Referring noW to FIG. 8, therein is depicted an 
enlarged vieW of a system for actuating a subterranean valve 
to terminate a reverse cementing operation of the present 
invention that is schematically illustrated and generally 
designated 150. The far end of Wellbore 18 is shoWn With 
casing 20 disposed therein. Valve 22 is positioned Within 
casing 20 and is in the open positioned in FIG. 8. Valve 22 

Feb. 13, 2003 

has an actuator 42 for operating valve 22 betWeen the open 
and closed positions. Coupled to actuator 42 is a pair of 
interrogators 44, 46. Interrogators 44, 46 are used to send a 
signal to actuator 42 When it is time to operate valve 22. In 
the illustrated con?guration, interrogators 44, 46 are used to 
send a signal to actuator 42 When it is time to operate valve 
22 from the open position to the closed position. 

[0058] In the illustrated embodiment, Wellbore 18 is ?lled 
With tWo ?uids, namely, drilling ?uid 48 and hydraulic 
cement composition 28 Which form a mud-cement interface 
152 therebetWeen. Aplurality of detectable members 52 are 
disposed proximate the mud-cement interface 152 such that 
detectable members 52 circulate through annulus 26 and into 
casing 20 toWard valve 22 as cement composition 28 is 
pumped into annulus 26 at the surface. When one or more of 
the detectable members 52 come Within the communicative 
proXimity of one or both of the interrogators 44, 46, inter 
rogators 44, 46 identify the presence of detectable members 
52 and send a signal to actuator 42 to close valve 22. 

[0059] As detectable members 52 are associated With 
mud-cement interface 152, When detectable members 52 are 
detected, mud-cement interface 152 is near valve 22. When 
mud-cement interface 152 is near valve 22, annulus 26 is 
entirely ?lled With cement 28. Thereafter, valve 22 is closed 
Which sends a pressure signal through the column of cement 
28 in annulus 26 indicating that the cement pumps at the 
surface should be shut off. As best seen in FIG. 9, once 
detectable members 52 are Within the communicative proX 
imity of interrogators 44, 46, actuator 42 closes valve 22 
Which prevents cement 28 from entering the portion of 
casing string 20 above valve 22. 

[0060] While this invention has been described With a 
reference to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modi 
?cations and combinations of the illustrative embodiments 
as Well as other embodiments of the invention, Will be 
apparent to persons skilled in the art upon reference to the 
description. It is, therefore, intended that the appended 
claims encompass any such modi?cations or embodiments. 

What is claimed is: 
1. A system for actuating an actuatable device in a 

subterranean Zone penetrated by a Wellbore comprising: 

at least one interrogator operably associated With the 
actuatable device; and 

at least one detectable member disposed Within a ?uid, the 
detectable member being detectable by the interrogator 
When the detectable member comes in communicative 
proXimity With the interrogator causing the interrogator 
to send a signal to actuate the actuatable device. 

2. The system as recited in claim 1 Wherein the interro 
gator comprises an oscillator that produces a magnetic ?eld. 

3. The system as recited in claim 1 Wherein the interro 
gator comprises a radio-frequency transmitter circuit that 
produces a radio-frequency signal. 

4. The system as recited in claim 1 Wherein the interro 
gator comprises a gamma ray detector that detects gamma 
rays. 

5. The system as recited in claim 1 Wherein the detectable 
member comprises a resonant circuit. 

6. The system as recited in claim 1 Wherein the detectable 
member comprises a radio-frequency modulator. 
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7. The system as recited in claim 1 Wherein the detectable 
member comprises a gamma ray source. 

8. The system as recited in claim 1 Wherein the ?uid 
comprises an interface ?uid betWeen a drilling ?uid and a 
cement composition and Wherein the detectable member is 
disposed Within the interface ?uid. 

9. The system as recited in claim 1 Wherein the ?uid 
comprises a mud-cement interface and Wherein the detect 
able member is disposed proximate the mud-cement inter 
face. 

10. Asystem for closing a subterranean valve to terminate 
a reverse cementing operation comprising: 

at least one interrogator operably associated With the 
valve; 

an interface betWeen a ?rst ?uid and a cement composi 
tion that is pumped through an annulus betWeen a pipe 
string and a Wellbore; and 

at least one detectable member associated With the inter 
face, the detectable member being detectable by the 
interrogator When the detectable member comes in 
communicative proximity With the interrogator causing 
the interrogator to send a signal to close the valve. 

11. The system as recited in claim 10 Wherein the inter 
rogator comprises an oscillator that produces a magnetic 
?eld and Wherein the detectable member comprises a reso 
nant circuit. 

12. The system as recited in claim 10 Wherein the inter 
rogator comprises a radio-frequency transmitter circuit that 
produces a radio-frequency signal and Wherein the detect 
able member comprises a radio-frequency modulator. 

13. The system as recited in claim 10 Wherein the inter 
rogator comprises a gamma ray detector that detects gamma 
rays and Wherein the detectable member comprises a gamma 
ray source. 

14. The system as recited in claim 10 Wherein the inter 
face further comprises an interface ?uid betWeen the ?rst 
?uid and the cement composition and Wherein the detectable 
member is disposed Within the interface ?uid. 

15. The system as recited in claim 10 Wherein the inter 
face further comprises a mud-cement interface and Wherein 
the detectable member is disposed proximate the mud 
cement interface. 

16. Asystem for closing a subterranean valve to terminate 
a reverse cementing operation comprising: 

at least one interrogator that produces a balanced mag 
netic ?eld, the interrogator operably associated With the 
valve; 

an interface betWeen a ?rst ?uid and a cement composi 
tion that is pumped through an annulus betWeen a pipe 
string and a Wellbore; and 

at least one detectable member associated With the inter 
face, the detectable member unbalancing the magnetic 
?eld When the detectable member comes in communi 
cative proximity With the interrogator causing the inter 
rogator to send a signal to close the valve. 

17. The system as recited in claim 16 Wherein the inter 
face further comprises an interface ?uid betWeen the ?rst 
?uid and the cement composition and Wherein the detectable 
member is disposed Within the interface ?uid. 
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18. The system as recited in claim 16 Wherein the inter 
face further comprises a mud-cement interface and Wherein 
the detectable member is disposed proximate the mud 
cement interface. 

19. Asystem for closing a subterranean valve to terminate 
a reverse cementing operation comprising: 

an interrogator that transmits an interrogating signal and 
receives a response signal, the interrogator operably 
associated With the valve; 

an interface betWeen a ?rst ?uid and a cement composi 
tion that is pumped through an annulus betWeen a pipe 
string and a Wellbore; and 

at least one detectable member associated With the inter 
face, the detectable member transmitting the response 
signal in reply to the interrogating signal When the 
detectable member comes in communicative proximity 
With the interrogator causing the interrogator to send a 
signal to close the valve. 

20. The system as recited in claim 19 Wherein the inter 
rogating signal and response signal are radio-frequency 
signals. 

21. The system as recited in claim 19 Wherein the inter 
face further comprises an interface ?uid betWeen the ?rst 
?uid and the cement composition and Wherein the detectable 
member is disposed Within the interface ?uid. 

22. The system as recited in claim 19 Wherein the inter 
face further comprises a mud-cement interface and Wherein 
the detectable member is disposed proximate the mud 
cement interface. 

23. Asystem for closing a subterranean valve to terminate 
a reverse cementing operation comprising: 

at least one interrogator that detects gamma rays, the 
interrogator operably associated With the valve; 

an interface betWeen a ?rst ?uid and a cement composi 
tion that is pumped through an annulus betWeen a pipe 
string and a Wellbore; and 

at least one detectable member associated With the inter 
face, the detectable member having a source that emits 
gamma rays such that When the detectable member 
comes in communicative proximity With the interroga 
tor, the interrogator sends a signal to close the valve. 

24. The system as recited in claim 23 Wherein the inter 
face further comprises an interface ?uid betWeen the ?rst 
?uid and the cement composition and Wherein the detectable 
member is disposed Within the interface ?uid. 

25. The system as recited in claim 23 Wherein the inter 
face further comprises a mud-cement interface and Wherein 
the detectable member is disposed proximate the mud 
cement interface. 

26. A method for actuating an actuatable device in a 
subterranean Zone penetrated by a Wellbore comprising the 
steps of: 

operably associating at least one interrogator With the 
actuatable device; 

disposing at least one detectable member Within a ?uid; 

detecting the detectable member With the interrogator 
When the detectable member comes in communicative 
proximity With the interrogator; and 
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sending a signal from the interrogator to actuate the 
actuatable device. 

27. The method as recited in claim 26 Wherein the step of 
detecting the detectable member With the interrogator When 
the detectable member comes in communicative proximity 
With the interrogator further comprises producing a mag 
netic ?eld With an oscillator in the interrogator and unbal 
ancing the magnetic ?eld With a resonant circuit in the 
detectable member. 

28. The method as recited in claim 26 Wherein the step of 
detecting the detectable member With the interrogator When 
the detectable member comes in communicative proximity 
With the interrogator further comprises producing a radio 
frequency signal With a radio-frequency transmitter circuit 
in the interrogator, modulating the radio-frequency signal 
With the detectable member and returning the modulated 
radio-frequency signal to the interrogator. 

29. The method as recited in claim 26 Wherein the step of 
detecting the detectable member With the interrogator When 
the detectable member comes in communicative proximity 
With the interrogator further comprises detecting gamma 
rays With a gamma ray detector in the interrogator and 
emitting gamma rays from a gamma ray source in the 
detectable member. 

30. The method as recited in claim 26 Wherein the step of 
disposing at least one detectable member Within a ?uid 
further comprises disposing the at least one detectable 
member Within an interface ?uid betWeen a drilling ?uid and 
a cement composition. 

31. The method as recited in claim 26 Wherein the step of 
disposing at least one detectable member Within a ?uid 
further comprises disposing the at least one detectable 
member proximate a mud-cement interface. 

32. Amethod for closing a subterranean valve to terminate 
a reverse cementing operation comprising the steps of: 

operably associating at least one interrogator With the 
valve; 

disposing at least one detectable member Within an inter 
face betWeen a ?rst ?uid and a cement composition; 

pumping the cement composition through an annulus 
betWeen a pipe string and a Wellbore; 

detecting the detectable member With the interrogator 
When the detectable member comes in communicative 
proximity With the interrogator; and 

sending a signal from the interrogator to close the valve. 
33. The method as recited in claim 32 Wherein the step of 

detecting the detectable member With the interrogator When 
the detectable member comes in communicative proximity 
With the interrogator further comprises producing a mag 
netic ?eld With an oscillator in the interrogator and unbal 
ancing the magnetic ?eld With a resonant circuit in the 
detectable member. 

34. The method as recited in claim 32 Wherein the step of 
detecting the detectable member With the interrogator When 
the detectable member comes in communicative proximity 
With the interrogator further comprises producing a radio 
frequency signal With a radio-frequency transmitter circuit 
in the interrogator, modulating the radio-frequency signal 
With the detectable member and returning the modulated 
radio-frequency signal to the interrogator. 

35. The method as recited in claim 32 Wherein the step of 
detecting the detectable member With the interrogator When 
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the detectable member comes in communicative proximity 
With the interrogator further comprises detecting gamma 
rays With a gamma ray detector in the interrogator and 
emitting gamma rays from a gamma ray source in the 
detectable member. 

36. The method as recited in claim 32 Wherein the step of 
disposing at least one detectable member Within an interface 
betWeen a ?rst ?uid and a cement composition further 
comprises disposing the at least one detectable member 
Within an interface ?uid betWeen the ?rst ?uid and the 
cement composition. 

37. The method as recited in claim 32 Wherein the step of 
disposing at least one detectable member Within an interface 
betWeen a ?rst ?uid and a cement composition further 
comprises disposing the at least one detectable member 
proximate a mud-cement interface. 

38. Amethod for closing a subterranean valve to terminate 
a reverse cementing operation comprising the steps of: 

operably associating at least one interrogator With the 
valve; 

producing a balanced magnetic ?eld With the interrogator; 

disposing at least one detectable member Within an inter 
face betWeen a ?rst ?uid and a cement composition; 

pumping the cement composition through an annulus 
betWeen a pipe string and a Wellbore; 

unbalancing the magnet ?eld by bringing the detectable 
member Within communicative proximity of the inter 
rogator; 

detecting the detectable member With the interrogator; 
and 

sending a signal from the interrogator to close the valve. 
39. The method as recited in claim 38 Wherein the step of 

disposing at least one detectable member Within an interface 
betWeen a ?rst ?uid and a cement composition further 
comprises disposing the at least one detectable member 
Within an interface ?uid betWeen the ?rst ?uid and the 
cement composition. 

40. The method as recited in claim 38 Wherein the step of 
disposing at least one detectable member Within an interface 
betWeen a ?rst ?uid and a cement composition further 
comprises disposing the at least one detectable member 
proximate a mud-cement interface. 

41. Amethod for closing a subterranean valve to terminate 
a reverse cementing operation comprising the steps of: 

operably associating at least one interrogator With the 
valve; 

transmitting a interrogating signal from the interrogator; 

disposing at least one detectable member Within an inter 
face betWeen a ?rst ?uid and a cement composition; 

pumping the cement composition through an annulus 
betWeen a pipe string and a Wellbore; 

transmitting a reply signal from the detectable member in 
response to the interrogating signal When the detectable 
member is Within communicative proximity of the 
interrogator; 

receiving the reply signal With the interrogator, thereby 
detecting the detectable member; and 
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sending a signal from the interrogator to close the valve. 
42. The method as recited in claim 41 Wherein the step of 

transmitting an interrogating signal from the interrogator 
further comprises transmitting a radio-frequency interrogat 
ing signal and Wherein the step of transmitting a reply signal 
from the detectable member in response to the interrogating 
signal further comprises modulating the radio-frequency 
interrogating signal and transmitting the modulated radio 
frequency interrogating signal as the reply signal. 

43. The method as recited in claim 41 Wherein the step of 
disposing at least one detectable member Within an interface 
betWeen a ?rst ?uid and a cement composition further 
comprises disposing the at least one detectable member 
Within an interface ?uid betWeen the ?rst ?uid and the 
cement composition. 

44. The method as recited in claim 41 Wherein the step of 
disposing at least one detectable member Within an interface 
betWeen a ?rst ?uid and a cement composition further 
comprises disposing the at least one detectable member 
proximate a mud-cement interface. 

45. Amethod for closing a subterranean valve to terminate 
a reverse cementing operation comprising the steps of: 

operably associating at least one interrogator With the 
valve; 
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disposing at least one detectable member Within an inter 
face betWeen a ?rst ?uid and a cement composition; 

pumping the cement composition through an annulus 
betWeen a pipe string and a Wellbore; 

emitting gamma rays from a source in the detectable 

member; 
detecting the gamma rays from the detectable member 

With a gamma ray detector in the interrogator When the 
detectable member comes Within communicative proX 
imity of the interrogator; and 

sending a signal from the interrogator to close the valve. 
46. The method as recited in claim 45 Wherein the step of 

disposing at least one detectable member Within an interface 
betWeen a ?rst ?uid and a cement composition further 
comprises disposing the at least one detectable member 
Within an interface ?uid betWeen the ?rst ?uid and the 
cement composition. 

47. The method as recited in claim 45 Wherein the step of 
disposing at least one detectable member Within an interface 
betWeen a ?rst ?uid and a cement composition further 
comprises disposing the at least one detectable member 
proximate a mud-cement interface. 

* * * * * 


