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(57) ABSTRACT 

A technique that is usable With a Well includes deploying an 
assembly into a Wellbore. The assembly includes at least one 
sensor. A fracturing ?uid is injected under pressure into the 
Wellbore to hydraulically fracture a subterranean formation 
of interest. The technique includes isolating the sensor from 
the fracturing and measuring acoustical energy that is gen 
erated by the hydraulic fracturing using the sensor(s). 

__ 



Patent Application Publication 

SURFACE 
ACQUISITION 

80 

/’/////1 

Sep. 20, 2007 Sheet 1 0f 4 

47/4 ll 

US 2007/0215345 A1 



Patent Application Publication Sep. 20, 2007 Sheet 2 0f 4 US 2007/0215345 A1 

13 

N 6E \2: BS 1E 

OZ??? 

w 

\ 

\HFF 

§\. $1 $1 $1 



Patent Application Publication Sep. 20, 2007 Sheet 3 0f 4 US 2007/0215345 A1 

RUN BOREHOLE ASSEMBLY 
IOO INTO WELL 

ISOLATE SENSOR OF 206 
BOREHOLE ASSEMBLY FROM 
FORMATION OF INTEREST 

USE SENSOR T0 MONITOR 208 
AOOUSTICAL ENERGY GENERATED 

BY HYDRAULIC FRACTURING 
OF FORMATION OF INTEREST 

FIG. 3 



Patent Application Publication Sep. 20, 2007 Sheet 4 0f 4 US 2007/0215345 A1 

@ r25” 
:1 

RIM PERFORATING /254 
DEvIOE DOWNHOLE IN 

WELL TO DEPTH 

uSE PERFORATION 258 
DEVICE TO 
PERFORATE 

RuN BOREHOLE ASSEMBLY 262 
100 TO POSITION 

SET PACKER 50 |/266 

PERFORM FRACTURING OPERATION 270 
AND uSE SENSORS 160 TO 

MONITOR OPERATION 

274 
ANOTHER 

YES ZONE TO 
FRAOTuRE 

? 

‘I " 278 

CONVEYANCE STRING ASSTE'S'EWLQO 
FROM BOREHOLE 
ASSEMBLY 100 " 

END I, Q 
RETRIEvE /286 

CONVEYANCE 
STRING 

FIG. 4 



US 2007/0215345 A1 

METHOD AND APPARATUS FOR 
HYDRAULIC FRACTURING AND 

MONITORING 

[0001] This application claims the bene?t under 35 U.S.C. 
§ 119(e) to US. Provisional Patent Application Ser. No. 
60/782,161, entitled, “METHOD AND APPARATUS FOR 
HYDRAULIC FRACTURING AND MONITORING,” 
Which Was ?led on Mar. 14, 2006, and is hereby incorpo 
rated by reference in its entirety. 

BACKGROUND 

[0002] The subject matter of the present invention relates 
to a method and apparatus for hydraulic fracturing and 
monitoring. 
[0003] Hydraulic fracturing is used to increase conductiv 
ity of a subterranean formation for recovery or production of 
hydrocarbons and to permit injection of ?uids into subter 
ranean formation or into injection Wells. In a typical hydrau 
lic fracturing operation, a fracturing ?uid is injected under 
pressure into the formation through a Wellbore. Particulate 
material knoWn as proppant may be added to the fracturing 
?uid and deposited in the fracture as it is formed to hold 
open the fracture after hydraulic fracturing pressure is 
relaxed. 
[0004] As the hydraulic fracturing ?uid is delivered from 
the surface to the subterranean formation through the Well 
bore, it is important that the pressured ?uid for fracturing be 
directed into the formation or formations of interest. Typi 
cally, the subterranean formation or formations are hydrau 
lically fractured through either perforations in a cased Well 
bore or in an isolated section of the open Well bore. One 
important consideration for fracturing for hydrocarbon pro 
duction or Waste disposal is directing the fracture into a 
desired formation. The orientation of the hydraulic fracture 
is controlled by formation characteristics and the stress 
regime in the formation. It is important to monitor the 
fracture as it is being formed to insure that it does not extend 
beyond the intended Zone and has the desired extent and 
orientation. 
[0005] It is knoWn that hydraulic fracturing operations in 
a Wellbore generate signi?cant seismic activity as a result of 
the fracture groWth into a subterranean formation. Fluid 
injected under pres sure into a subterranean formation causes 
a pressure build up until the in-situ stress in a subterranean 
formation is exceeded, resulting in fractures in the formation 
that extend some distance from the Wellbore. This formation 
fracturing creates a series of small “micro-earthquakes” 
knoWn as microseisms. These discrete, localiZed 
microseisms occur during the groWth of fractures, and the 
amplitude of the seismic or acoustical energy (compres 
sional (“P”) Waves and shear (“S”) Waves) are generated 
With signi?cant enough amplitude to be detected by remote 
sensors. Accordingly, by sensing and recording the P and S 
Waves and their respective arrival times at each of the 
sensors, the acoustical signals can be processed in accor 
dance With knoWn seismic or earthquake monitoring meth 
odology to determine the position of the microseisms. 
Hence, the geometry of the fracture and its location may be 
inferred. One method for determining the orientation of 
fractures resulting from hydraulic fracturing operations is 
described in US. Pat. No. 6,985,816, incorporated herein by 
reference. 
[0006] One method knoWn for monitoring the location and 
siZe of a hydraulic fracture is called microseismic mapping. 
In this method, a second o?fset Well is used for monitoring 
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hydraulic fracturing activities in the primary treatment or 
injection Well. In microseismic mapping, a plurality of 
acoustic sensors (e.g., geophones) are positioned in a Well 
offset from the Well to be fractured. These sensors in the 
offset Well are used to record signals that result from 
microseisms caused by the stress induced in the subterra 
nean surface formations by the hydraulic fracture ?uid 
pressure build-up in the treatment or injection Well. 
[0007] Examples of microseismic monitoring are 
described in US. Pat. No. 5,771,170 by Withers, et al. and 
US. Pat. No. 5,996,726 by Sorrels and Warpinski. In the 
methods therein, location of fractures Within an injection 
Well are monitored in separate instrumented monitoring 
Wells using acoustic signals resulting from microseismic 
events caused by the fracturing activity in the injection Well. 
Separate dedicated monitoring Wells hoWever add signi? 
cant expense to these methods. Limited efforts have been 
made to use devices deployed in injection or treatment Wells 
for microseismic monitoring in treatment or injection Wells. 
In US. Pat. No. 6,935,424, a method for mitigating risk of 
adversely affecting hydrocarbon productivity (e.g. screen 
out) during fracturing by monitoring the fracturing process 
is described. The method uses tiltmeters coupled to the 
casing or borehole Wall in the Well undergoing hydraulic 
fracturing to mechanically measure deformation, the defor 
mation measurement being used to infer fracture dimen 
sions. In this method hoWever less than desirable coupling 
of the tiltmeters to the casing or borehole Wall signi?cantly 
impacts the accuracy of the inferred dimensions. In US. Pat. 
No. 5,503,225 acoustic sensors are deployed in an injection 
Well for microseismic monitoring. The sensors are isolated 
in the annulus of the Waste injection Well, With the sensors 
generally being attached to the tubing string. In such a 
con?guration hoWever the acoustic noise in the doWnhole 
tubing caused by the ?uid injection Will be sensed by such 
a system and likely Will signi?cantly mask any sensed 
microseismic events. While these methods eliminate the 
need and expensive of the dedicated monitoring Wells, the 
limitations of each preclude their use to accurately distin 
guish microseismic events. 
[0008] Thus, there is a continuing need for better Ways to 
reliably and accurately monitor hydraulic fracturing and 
injection operations. 

SUMMARY 

[0009] In an embodiment of the invention, a technique that 
is usable With a Well includes deploying an assembly into a 
Wellbore. The assembly includes at least one sensor. A 
fracturing ?uid is injected under pressure into the Wellbore 
to hydraulically fracture a subterranean formation of inter 
est. The technique includes measuring acoustical energy that 
is generated by the hydraulic fracturing using the sensor(s). 
[0010] In another embodiment of the invention, an appa 
ratus for use in a Well includes an assembly that has a tool 
body With at least one acoustic energy sensor that is disposed 
thereon. The assembly also includes an isolation device to 
isolate the acoustic energy sensor from a hydraulic fracture 
operation. 
[0011] Advantages and other features of the invention Will 
become apparent from the folloWing draWing, description 
and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a Well according to an embodiment of the 
invention. 
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[0013] FIG. 2 is a schematic diagram of a sensor sonde 
according to an embodiment of the invention. 
[0014] FIG. 3 is a ?oW diagram depicting a technique to 
monitor acoustical energy that is generated by hydraulic 
fracturing according to an embodiment of the invention. 
[0015] FIG. 4 is a ?oW diagram depicting a technique to 
perform hydraulic fracturing in different Zones of a Well and 
monitor the fracturing according to an embodiment of the 
invention. 
[0016] FIG. 5 is a ?oW diagram depicting a technique to 
monitor acoustical energy that is generated by hydraulic 
fracturing according to an embodiment of the invention. 

DETAILED DESCRIPTION 

[0017] Referring to FIG. 1, in accordance With an embodi 
ment of the invention, a Well 8 includes acoustic energy 
sensors 160 that are located doWnhole for purposes of 
monitoring the acoustical energy that is generated by 
hydraulic fracturing. Sensors 160 may be isolated from a 
formation of interest 60 in Which hydraulic fracturing 
occurs. Due to the isolation, ?oW noise attributable to the 
fracturing operation does not affect the measurements by the 
sensors 160, and furthermore, the sensors 160 are protected 
from the impact of the fracture treatment. 
[0018] In accordance With some embodiments of the 
invention, the sensors 160 are part of sensor sondes 120 
(sensor sondes 1201, 1202 and 1203, being depicted as 
examples in FIG. 1) of a borehole monitoring assembly 10 
of a doWnhole borehole assembly 100. In addition to the 
borehole monitoring assembly 10, the borehole assembly 
100 optionally includes an isolation device, such as a 
isolation device 50 (a compression-set packer, a mechani 
cally-set packer, a hydraulically-set packer, a Weight-set 
packer, sWellable bladder, plug, etc., as just a feW examples), 
for purposes of isolating the sensor sondes 120 (and thus, the 
sensors 160) from the fracturing operation. 
[0019] The borehole assembly 100 may be run into the 
Well 8 using one of many conveyance mechanisms, such as 
a tubular string 30 that is depicted in FIG. 1. As a more 
speci?c example, the string 30 may be coiled tubing. 
[0020] In general, a surface acquisition system 80 may be 
in communication With the borehole monitoring assembly 
100 via a communication line 40, such as a Wireline, 
slickline, ?ber optics or a ?ber optics tether. Fiber optic 
tether refers to ?ber optics deployed Within a protective 
cover or small diameter protective tubing. One example of 
a data receiving and processing system that may serve as the 
surface acquisition system 80 is described in US. Pat. No. 
6,552,665, Which is incorporated herein in its entirety. The 
communication line 40 may be contained or deployed in the 
string 30 to provide communication from the surface control 
system to the borehole monitoring assembly 100 or com 
munication from the borehole monitoring assembly 100 to 
the surface control system or both. Communication and/or 
poWer may be provided by the communication lines 40, 
depending on the particular embodiment of the invention. 
[0021] The borehole monitoring assembly 10 may be any 
assembly or tool, Which is suited to monitor acoustic signals 
in a Wellbore. In accordance With some embodiments of the 
invention, each sonde 120 of the borehole monitoring 
assembly 10 may be a similar sensor to the sonde that is 
described in US. Pat. No. 6,170,601, Which is hereby 
incorporated by reference in its entirety. 
[0022] FIG. 2 depicts an exemplary embodiment of the 
sonde 120 in accordance With some embodiments of the 
invention. In general, the sonde 120 includes a tool body 
124, Which has a cavity 130 in an opening in the Wall of the 
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tool body 124. The cavity 124 receives an acoustic energy 
sensor package 140, Which is positioned in the cavity 130 
and is mounted on resilient mounts 150 (springs, for 
example) to press the acoustic sensor package 140 against 
the borehole Wall (or casing string 22, if the Well is cased), 
yet isolate the sensors 160 of the package 16 from ?uid 
conveyed pressure disturbances. The sonde 120 may include 
three of the sensors 160, each of Which senses acoustic 
energy along a different axis (x, y or Z axis). Referring to 
FIG. 2 in conjunction With FIG. 1, the sonde 120 may also 
include an arm 136 that is activated to press the sonde 120 
against the borehole Wall (or casing string 22, if the Well 10 
is cased) for purposes of placing the sensors 160 in prox 
imity to the Wellbore or casing string 22. 

[0023] Referring back to FIG. 1, as noted above, the Well 
8 may be cased (via the casing string 22) or uncased, 
depending on the particular embodiment of the invention. If 
installed, the casing string 22 may extend from the surface 
along the entire length of a Wellbore 20, or only along a 
portion of the Wellbore 20. Furthermore, in accordance With 
other embodiments of the invention, the Wellbore 20 in 
Which the borehole assembly 100 is deployed may be a 
deviated or lateral Wellbore. In some embodiments in a 
deviated or lateral Wellbore, a tractor may be used to deploy 
the borehole assembly 100. Furthermore, the Well 10 may be 
a subterranean or a subsea Well, depending on the particular 
embodiment of the invention. Thus, many variations are 
possible and are Within the scope of the appended claims. 
[0024] In the state of the Well that is depicted in FIG. 1, the 
Well 8 has been perforated in a previous trip by a perforating 
gun to form corresponding perforations in the casing string 
22 and corresponding perforation tunnels 61, Which extend 
into the formation of interest 60. 

[0025] The borehole assembly 100 is deployed in the Well 
8 for purposes of hydraulic fracturing and monitoring of the 
fracturing. Such hydraulic fracturing may be desired or 
performed for a variety of purposes, such as but not limited 
to increasing or improving hydrocarbon recovery from the 
formation of interest 60 or injecting ?uid, such as Water, 
produced Water, enhanced oil recovery ?uids, or gas into 
formation of interest 60. The term fracturing ?uid as used 
herein includes any ?uid injected for the purposes of frac 
turing the formation and includes but is not limited to 
treatment ?uids, enhanced recovery ?uids, and disposal 
?uids. There is shoWn in FIG. 1 only one subterranean 
formation of interest 60 for the purposes of illustration. It is 
contemplated that there may be multiple subterranean for 
mations of interest 60 in any Wellbore 20; and these multiple 
formations may be hydraulically fractured separately, 
together, or in various combinations as the operator so 
desires. 
[0026] Isolation device 50 is also deployed into the Well 
bore on a string 30, as part of the borehole assembly 100. 
More speci?cally, the isolation device 50 may be positioned 
along the string 30 above the borehole monitoring assembly 
10. 

[0027] The sensors 160 form an array of sensors and may 
be selected from any appropriate sensing devices such as 
geophones, hydrophones, or accelerometers, and various 
combinations that generate signals in response to received 
acoustic energy. Any one type of acoustic energy sensor or 
a combination of types may be used. The acoustic energy 
sensor or sensors should have good sensitivity to acoustic 
energy in the microseismic frequency band greater than 30 
HZ. This band may extend as high as 4 kiloHertZ (kHZ), as 
an example. 
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[0028] More than one acoustic energy sensor may be used 
in combination With other acoustic sensors to form an 
acoustic energy sensor package. Embodiments may com 
prise a plurality of tri-axial (3 orthogonal) geophones to 
provide sensing capabilities in three directions. Such acous 
tic sensor packages may be spaced at desired intervals (eg 
50 ft) along the Wellbore 20. Acoustic sensor packages may 
be coupled to the Wellbore Wall or casing 22 via an anchor 
ing system for borehole seismic tools. 
[0029] The signals that are generated by each of the 
sensors 160 in response to acoustical energy are digitized 
and transmitted through the communication line 40 to the 
surface acquisition system 80, at the surface of the Well 8. 
The sensors 160 may provide a digital or optical signal 
directly to the communication line 40 or a converter may be 
used to convert the acoustic signals received by the sensors 
to digital or optical signals for transmission. In some 
embodiments, the surface acquisition system 80 may 
employ methods, such as digital ?lters, to remove noise 
from the hydraulic fracturing pumping operations from the 
generated signals. In some embodiments, the signals gener 
ated by each sensor are recorded in one or more memory 
devices that may be part of the borehole monitoring assem 
bly 10, the memory devices generally being recoverable 
With the bottomhole monitoring assembly 10. In such 
embodiments using memory devices, the signals may also 
be transmitted via the communication line 40, While in other 
embodiments the signals are not also transmitted via a 
communication line, as the sensor data that is stored in the 
memory devices may be retrieved after the borehole assem 
bly 100 is retrieved from the Well. 
[0030] As depicted in FIG. 1, the borehole monitoring 
assembly 10 and the acoustic energy sensors 160 thereof are 
positioned in the Wellbore at a location that is not adjacent 
to the formation of interest 60. The borehole monitoring 
assembly 10 may be positioned beloW the formation of 
interest 60. In the event that the Wellbore is cased, borehole 
monitoring assembly 10 may be positioned in the Wellbore 
in a location that it not adjacent to the perforated zone in the 
casing. The borehole monitoring assembly 10 may be placed 
beloW the perforated zone and thus, as depicted in FIG. 1, 
the sondes 120 may be suspend from a cable from a tubular 
body that is mounted to the isolation device 50 and forms the 
loWer end of the string 30. The isolation device 50 is 
deployed in the Wellbore 20 to separate the borehole moni 
toring assembly 10 from the subterranean formation of 
interest 60. In this manner, the borehole monitoring assem 
bly 10 is isolated from hydraulic fracturing or injection 
activity undertaken in subterranean formation of interest 60. 
[0031] In some embodiments of the invention, a noise 
suppression device or devices such as a shock absorber may 
be provided, being placed betWeen isolation device 50 and 
borehole monitoring assembly 10. In some embodiments, 
noise suppression methods, such as slacking the connecting 
cable betWeen components, may be used to reduce the 
possibility of noise transmission. Noise suppression devices 
or methods similarly may be used betWeen the sensors 160 
in an array. In some embodiments of the invention, noise 
suppression may be performed by digitally processing the 
signals generated by the measurements made by the acoustic 
energy sensors. 

[0032] Borehole assembly 100 may also include appara 
tuses or features for use in the hydraulic fracturing process. 
In the event that conveyance 30 is coiled tubing, one such 
apparatus may be a jetting nozzle 86 that is placed above the 
isolation device 50 to permit ?uids to be pumped doWn the 
string 30 and out the jetting nozzle 86 to clean out debris 
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such as sand that may accumulate above the packer 30. The 
jetting nozzle 86 may also be used for purposes of perfo 
rating the casing string 22 and forming the perforation 
tunnels 61 in lieu of a perforating gun. In this regard, an 
abrasive ?uid may be communicated doWnhole through the 
central passageWay of the string 30, and the abrasive ?uid is 
radially directed by the jetting nozzles 86 toWard the casing 
string 22 so that the resultant jets perforate the casing string 
22 and form tunnels into the surrounding formation. 

[0033] The borehole assembly 100 may include a feature 
such as a clean-out port, Which may be selectively opened or 
closed above located above isolation device 50 to permit, if 
desired, ?uid pumped doWn the annulus to reverse ?oW the 
?uid up coiled tubing. Methods such as ball drops or 
mechanical actuation may be used to selectively open or 
close a clean-out port. 

[0034] In some embodiments, borehole assembly 100 may 
include one or more additional isolation devices located 
above borehole monitoring assembly 10. Additional isola 
tion devices may be single or multi-set. 

[0035] The borehole assembly 100 may include one or 
more additional devices to provide Wellbore information. 
For example, the borehole assembly 100 may further include 
a pressure or temperature sensor or both. In some embodi 

ments of the invention, a gyroscope may be provided for use 
in orientating the sensors 160 or for determining the orien 
tation of the borehole monitoring assembly 10 to permit 
subsequent data adjustment. Alternatively the sensors may 
be orientated by methods such as a three component 
hodogram analysis that uses the recording of a calibration 
shot in a nearby Well or at the surface. By recording and 
analyzing one or more such shots the tool orientation may by 
calculated by the knoWn methods such as using plane 
geometry and the assumption of a straight ray from source 
to receiver, projecting the ray onto a perpendicular plane and 
rotating the projection through the horizontal polarization 
angle to give the direction of the x-component sensor and the 
relative bearing angle or the method of calculating the 
relative bearing angle from the 3C polarization of the direct 
P-Wave arrival as described in Becquey, M. and Dubesset, 
M., 1990, Three-component sonde orientation in a deviated 
well (short note): Geophysics, Society of Exploration. Geo 
phyics, 55, 1386-1388. 
[0036] In accordance With some embodiments of the 
invention, the borehole assembly 100 may include other 
devices, Which are directed to other functions. For example, 
in accordance With some embodiments of the invention, the 
borehole assembly 100 may include a casing collar locator 
(CCL) 87 that is used for purposes of precisely locating the 
borehole assembly 100 doWnhole or other tool. In this 
regard, the CCL 87 may be a magnetically-sensitive device 
that generates a signal (observed at the surface of the Well 8) 
for purposes of detecting casing joints of the casing 22 for 
purposes of precisely locating the assembly 100. This may 
be helpful for purposes of precisely locating the jetting 
nozzles 86 When the jetting nozzles 86 perforate the casing 
22 and the formation of interest 60. As another example of 
another potential device of the borehole assembly 100, in 
accordance With some embodiments of the invention, the 
assembly 100 may include a tension sub 85, Which is located 
beloW the isolation device 50 and is used to monitor the 
tension of the cable, Which extends to the sondes 120. In this 
regard, should the cable or sondes 120 become lodged in the 
Well 8, the corresponding tension indicative of this event is 
sensed by the tension sub 85 and communicated to the 
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surface of the Well. Therefore, corrective measures may then 
be undertaken for purposes of safely dislodging the sondes 
120. 
[0037] As another example, the borehole assembly may 
include a supplemental sensor, for example a pressure or 
temperature sensor, capable of providing a doWnhole mea 
surement. In this regard, the measurement obtained using the 
supplemental sensor may be used in conjunction With or 
separately from the measurements obtained using sensors 
160 to monitor hydraulic fracturing. In some embodiments, 
the supplemental sensor may be an additional acoustic 
sensor, such as a hydrophone, useful for measuring noise in 
the form of borehole acoustic Waves. The supplemental 
sensor may be an accelerometer. In some embodiments, a 
plurality of supplemental sensors, speci?cally acoustic sen 
sors, may be provided. Output from this supplemental sensor 
may be used to digitally suppress or remove noise by 
processing the measurements from the acoustic sensor(s). 
This use is different from the use of measurements from 
acoustic sensors in an array to eliminate noise by cumulative 
processing of the measurements such as knoWn for vertical 
seismic pro?les. 
[0038] The borehole assembly 100 may also include, in 
accordance With embodiments of the invention, a remotely 
actuated latch, or connector 90, for purposes of selectively 
connecting the borehole assembly 100 to and releasing the 
assembly 100 from the string 30 (thereby leaving the assem 
bly 100 doWnhole) When multiple Zones are treated, as 
further described beloW. Thus, many variations are possible 
and are Within the scope of the appended claims. 

[0039] The hydraulic fracturing and monitoring may pro 
ceed as folloWs in accordance With some embodiments of 
the invention. The Wellbore 20 is ?rst completed With the 
casing 22, and then, the casing 22 is perforated at one or 
more subterranean formations of interest 60. In accordance 
With embodiments of the invention, the borehole monitoring 
assembly 10 may then be conveyed into the Wellbore 20 on 
the string 30. The isolation device 50 is simultaneously 
conveyed in Wellbore 20 on the string 30 at a desired 
position above assembly 10. The isolation device 50 is set in 
place to provide a seal in the annulus betWeen the string 30 
and the casing 22, thereby isolating borehole monitoring 
assembly 10 in Wellbore 20 beloW isolation device 50. If 
additional isolation devices are provided, they may be 
actuated or set in place to provide further isolation betWeen 
the borehole monitoring assembly 10 and the isolation 
device 50. 

[0040] Hydraulic fracturing ?uid or injection ?uid is then 
pumped at pressure doWn the annulus formed betWeen 
conveyance 30 and casing 22 or Wellbore Wall and into the 
subterranean formation of interest 60. The hydraulic frac 
turing ?uid may be any ?uid useful for fracturing a subter 
ranean formation, including but not limited to Wellbore 
treatment ?uids, hydrocarbons, Water, produced Water, dis 
posal Water, foamed ?uids or gases, such as natural gas or 

C02. 
[0041] The isolation device 50 and if provided, additional 
isolation device or devices, separate borehole monitoring 
assembly 10 from hydraulic fracturing ?uids and operations 
performed in the Wellbore above isolation device 50. Isola 
tion device 50 may be any packer, in?atable or mechanical 
device capable of being set and released that provides 
su?icient sealing pressure Within the Wellbore to isolate the 
borehole monitoring assembly from the pressured hydraulic 
fracturing or injection ?uid. In embodiments of the inven 
tion Where the borehole monitoring assembly 10 is deployed 
in the Wellbore beloW the isolation device 50, the isolation 
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device 50 includes feed-throughs to permit communication 
line 40 to pass through the isolation device 50 and to 
borehole monitoring assembly 10. Some embodiments may 
include stilf bridles or deployment bars for use in deploying 
borehole sensor assembly 10 in deviated, horizontal or 
pressurized Wells. 
[0042] In accordance With embodiments of the invention 
described herein, referring to FIG. 3, a technique 200 may 
be used to monitor the hydraulic fracturing of a particular 
formation of interest. Pursuant to the technique 200, the 
borehole assembly 100 is run into the Well into position, 
pursuant to block 204, the borehole assembly comprising an 
acoustic sensor. A hydraulic fracturing operation is then 
performed by pumping fracturing ?uid into the Wellbore at 
pressure, pursuant to block 206. The one or more acoustic 
sensors are used to monitor acoustic energy pursuant to 
block 208. The acoustic energy monitored may be from 
fracturing operations, or may result from fracturing opera 
tions in Which the hydraulic fracturing ?uid comprises an 
acoustic signal generating element, such as a noisy proppant 
described in Us. Pat. No. 7,134,492, incorporated herein in 
its entirety by reference. Sensor 160 is used to monitor the 
operation or the signals generated by the acoustic signal 
generating element. 
[0043] Although the hydraulic fracturing and monitoring 
of a single formation of interest, or Zone, is described herein 
for purposes of clarifying certain aspects of the invention, it 
is noted that other embodiments are possible and are Within 
the scope of the appended claims. More speci?cally, in 
accordance With some embodiments of the invention, the 
borehole assembly 100 may be used in conjunction With the 
hydraulic fracturing and monitoring of several Zones in the 
Well. 
[0044] In this manner, referring to FIG. 4, in accordance 
With some embodiments of the invention, a technique 250 
includes running (block 254) a perforating device doWnhole 
in a Well to a particular depth. The perforating device is then 
used to perforate the casing or Wellbore (block 258). The 
borehole assembly 100 is positioned in the Well, pursuant to 
block 262. Next, the isolation device 50 is set (block 266) 
and a fracturing operation is subsequently performed and the 
sensors 160 are used to monitor the operation, pursuant to 
block 270. In some embodiments, a fracturing model may be 
established and updated using a measurement from sensor 
160. 

[0045] After the completion of the hydraulic fracturing 
operation, a determination is made (diamond 274) Whether 
another Zone is to be fractured. If not, then the borehole 
assembly 100 is pulled out of the Well, pursuant to block 
278. If another Zone is to be fractured, then the next Zone is 
perforated, pursuant to block 254; and pursuant to blocks 
258, 262, 266 and 270, another Zone is hydraulically frac 
tured and monitored. 
[0046] Thus, pursuant to the technique 250, Zones may be 
fractured and monitored in the Well as set forth in FIG. 4. It 
is noted that the technique 250 is provided for purposes of 
an example, as other techniques may be used for purposes of 
hydraulic fracturing and monitoring, in accordance With 
other embodiments of the invention. 
[0047] Referring to FIG. 5, in accordance With some 
embodiments of the invention, a technique 300 includes 
running (block 304) a perforating device doWnhole in a Well 
to a particular depth. The perforating device is then used to 
perforate the casing or Wellbore (block 308). The borehole 
assembly 100 is positioned in the Well, pursuant to block 
312. In some embodiments, borehole assembly 100 may 
comprise the perforating device. A fracturing operation is 
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subsequently performed and the sensors 160 are used to 
monitor the operation, pursuant to block 320. 
[0048] After the completion of the hydraulic fracturing 
operation, a determination is made (diamond 324) Whether 
another Zone is to be fractured. If not, then the borehole 
assembly 100 is pulled out of the Well, pursuant to block 
328. If another Zone is to be fractured, then the perforated 
next Zone is perforated, pursuant to block 324; and pursuant 
to blocks 304, 308, 312, and 320, another Zone is hydrau 
lically fractured and monitored. 
[0049] Thus, pursuant to the technique 300, Zones may be 
fractured and monitored in the Well as set forth in FIG. 5. It 
is noted that the technique 300 is provided for purposes of 
an example, as other techniques may be used for purposes of 
hydraulic fracturing and monitoring, in accordance With 
other embodiments of the invention. 

[0050] The borehole monitoring assembly 100 and tech 
niques that are described herein may offer one or more 
advantages and/or improvements over conventional hydrau 
lic monitoring techniques and devices. In particular, place 
ment of the borehole monitoring assembly in the injection 
Well rather than a separate monitoring Well reduces the time 
and expense required for drilling a separate Well. Placing the 
acoustical sensors beloW the packer isolates the sensors from 
the fracturing ?uid and reduces the risk of damage to the 
sensors from the fracturing ?uid as it is pumped doWn the 
Wellbore. Similarly, placing communication line 40 Within 
the string 30 isolates it from the fracturing ?uid pumped 
doWn the annulus and signi?cantly reduces the possibility of 
erosion or damage to the communication line. Furthermore, 
the placement of sensors 160 beloW the isolation device 50 
has the effect of providing isolation from ?oW-induced 
noise. 

[0051] Prior to the present invention, noise generated by 
pumping fracturing ?uid in a Wellbore has inhibited the 
ability to make successful microseismic measurements in 
the injection Well. Several elements are used individually or 
in combination in the present invention to isolate and 
attenuate Wellbore noise. Placing the acoustic energy sensor 
or sensors beloW the isolation device 50 provides a barrier 
to direct ?oW noise. Isolation device 50 is designed to 
e?iciently alloW setting/unsetting, cleaning of sand depos 
ited on top, and enablement of noise isolation techniques 
(e.g., slacking). Con?guring sensors 160 in an acoustic 
energy sensor package and mechanically isolating the sensor 
package 140 (see FIG. 2) from the tool body 124 may be 
used to attenuate noise (knoWn as tubeWaves) propagating in 
the Wellbore ?uid. Slacking communication line 40 may be 
used to attenuate noise propagating along the communica 
tion line 40 or borehole monitoring assembly 10. Isolation 
device 50 may comprise a compressional setting that is 
operational on a doWnWard movement that accommodates 
slacking of communication line 40. 
[0052] Shock absorbers designed to attenuate noise propa 
gating in the bottom-hole-assembly may be inserted betWeen 
isolation device 50 and the acoustic sensors. Digital ?ltering 
may be used to identify upWard and doWnWard propagating 
noise With distinctly different characteristics from the 
microseisms. Such digital ?ltering techniques such as adap 
tive beamforming or velocity ?ltering may be used to 
attenuate noise. A sub-array of hydrophones placed Within 
an array of geophones or accelerometers may be useful for 
identifying and removing propagating ?uid (tube) Waves. 
Additionally, pumping noise is at loW frequencies (<20 HZ) 
much beloW the typical microseismic band and may be 
substantially removed by conventional high-pass ?lters. 
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[0053] The borehole assembly 100 may further include 
other measurement devices such as pressure, temperature, 
gyroscopes, or any other device useful for measuring indi 
cations of fracture characteristics. The borehole assembly 
100 may also include fracturing tools positioned above the 
isolation device 50 for use in the hydraulic fracturing 
process, such as jetting noZZle, clean-up port, etc. Further 
more, the borehole assembly 100 may include a single or 
multi-set isolation devise above the measurement devises to 
protect it from the impact of the fracture treatment. 
[0054] Although directional and terms of orientation, such 
as “vertical,” “up,” “doWn,” etc. have been used for reasons 
of convenience in the foregoing description, it is understood 
that such directions and orientations are not necessary to 
practice the invention. For example, in accordance With 
other embodiments of the invention, the borehole assembly 
100 may be used in a lateral Wellbore. Therefore, many 
variations are contemplated and are Within the scope of the 
appended claims. 
[0055] While the present invention has been described 
With respect to a limited number of embodiments, those 
skilled in the art, having the bene?t of this disclosure, Will 
appreciate numerous modi?cations and variations there 
from. It is intended that the appended claims cover all such 
modi?cations and variations as fall Within the true spirit and 
scope of this present invention. 

We claim: 
1. A method usable With a Well, comprising: 
deploying an assembly into a Wellbore, the assembly 

comprising at least one sensor; 
injecting a fracturing ?uid under pressure into the Well 

bore to hydraulically fracture a subterranean formation 
of interest; 

isolating the sensor from the fracturing; and 
measuring acoustical energy generated by the hydraulic 

fracturing using said at least one sensor. 
2. The method of claim 1, Wherein the isolating comprises 

setting a packer of the assembly. 
3. The method of claim 2, further comprising: 
positioning said at least one sensor beloW the packer. 
4. The method of claim 2, further comprising: 
releasing the packer; 
repositioning the borehole assembly in the Wellbore; and 
repeating the injecting and isolating. 
5. The method of claim 1, Wherein the deploying com 

prises deploying the assembly on a string, the method further 
comprising disposing a communication line inside the string 
to establish communication betWeen said at least one sensor 
and the surface of the Well. 

6. The method of claim 1, Wherein said at least one sensor 
comprises a plurality of sensors, the method further com 
prising: 

spacing the sensors along the Wellbore. 
7. The method of claim 1 further comprising: 
retrieving the assembly from the Wellbore. 
8. The method of claim 1, Wherein the measuring occurs 

concurrently With the injecting. 
9. The method of claim 1, further comprising: 
storing data indicative of the acoustical energy measured 
by by said at least one sensor in a memory of the 
assembly; and 

retrieving the data from the memory after the assembly is 
retrieved from the Well. 

10. A method for monitoring hydraulic fracturing com 
prising: 
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a) deploying a borehole assembly into a Wellbore on a 
coiled tubing having a communication line disposed 
therein, the borehole assembly comprising borehole 
monitoring assembly positioned beloW a packer, the 
borehole monitoring assembly comprising at least one 
acoustic energy sensor; 

b) placing the borehole assembly beloW a subterranean 
formation of interest, c) setting the packer beloW the 
subterranean formation of interest; 

d) injecting a fracturing ?uid under pressure doWn the 
annulus, thereby hydraulically fracturing the subterra 
nean formation of interest; and 

e) using the acoustic energy sensor to make a measure 
ment of acoustical energy generated by the hydraulic 
fracturing. 

11. The method of claim 10, further Wherein the commu 
nication line is selected from the group consisting of Wire 
line, slickline, ?ber optics and a ?ber optic tether. 

12. The method of claim 10, Wherein the borehole moni 
toring assembly comprises more than one sensor, the sensors 
being spaced along the Wellbore, the sensors being separated 
from the subterranean formation by the packer. 

13. The method of claim 10, further comprising the steps 
(f) of releasing the packer and (g) moving the borehole 
assembly in the Wellbore, Wherein steps (b) through (f) are 
repeated. 

14. The method of claim 10, Wherein the acoustical 
energy measurement comprises communicating via the 
communication line. 

15. The method of claim 14, further Wherein the step of 
injecting a fracturing ?uid comprises modifying based on 
the acoustical energy measurement. 

16. The method of claim 10, further comprising retrieving 
the borehole assembly from the Wellbore. 

17. The method of claim 10, further comprising estab 
lishing a fracturing model and updating the fracturing model 
using at least one acoustical energy measurement. 

18. An Wellbore apparatus for hydraulic fracture moni 
toring comprising a borehole assembly deployed on coiled 
tubing, 

the assembly having a tool body With a least one acoustic 
energy sensor disposed therein, an isolation device, and 
at least one Washout port adjacent to the isolation 
device, 

the assembly being connected to coiled tubing having a 
communication line disposed therein. 

19. The apparatus of claim 18, Wherein the at least one 
acoustic energy sensor comprises selected from the group 
consisting of geophone, hydrophone, and accelerometer. 

20. The apparatus of claim 18, Wherein the isolation 
device comprises a packer. 
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21. The apparatus of claim 18, further comprising means 
to process data from the acoustical energy sensor. 

22. An apparatus usable With a Well, comprising: 
a tool body; 
an isolation device disposed on the tool body; 
at least one acoustic sensor disposed on the tool body to 

monitor hydraulic fracturing. 
23. The apparatus of claim 22, Wherein said at least one 

acoustic sensor comprises at least one of a geophone, 
hydrophone and accelerometer. 

24. The apparatus of claim 22, further comprising: 
a string to convey the isolation device and said at least one 

acoustic sensor doWnhole as a unit. 

25. The apparatus of claim 22, further comprising: 
a remotely-activated connector to selectively connect the 

isolation device to a tubular string. 
26. The apparatus of claim 22, Wherein the isolation 

device comprises a packer. 
27. The apparatus of claim 22, further comprising: 
a memory connected to and deployed doWnhole With the 

tool body to store data provided by said at least one 
sensor such that the data is retrieved from the memory 
after the apparatus is retrieved from the Well. 

28. A method for monitoring hydraulic fracturing com 
prising: 

a) deploying a borehole assembly into a Wellbore, the 
borehole assembly comprising a borehole monitoring 
assembly having at least one acoustic energy sensor; 

b) injecting a fracturing ?uid under pressure, thereby 
hydraulically fracturing a subterranean formation of 
interest; and 

c) using the acoustic energy sensor to make a measure 
ment of acoustical energy. 

29. The method of claim 28, Wherein the borehole assem 
bly further comprises a supplemental sensor. 

30. The method of claim 28, Wherein the fracturing ?uid 
comprises an acoustical energy generating element. 

31. The method of claim 28, Wherein the fracturing ?uid 
comprises a noisy proppant. 

32. The method of claim 28, further comprising the steps 
(e) of moving the borehole assembly in the Wellbore, 
Wherein steps (b) through (c) are repeated. 

33. The method of claim 29, Wherein the supplemental 
sensor is an acoustic energy sensor. 

34. The method of claim 33, further comprising the step 
of using the output from the supplemental sensor in pro 
cessing the measurement of acoustic energy. 

35. The method of claim 28, further comprising the 
orientating the borehole assembly. 

* * * * * 


