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Methods and apparatus for flow testing multiple zones In a single trip are provided. In one embodiment a tool string Iincludes a
wireline cable head; upper and lower Inflatable packers; an electric pump operable to inflate the packers; a deflation tool; a flow
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(57) Abrege(suite)/Abstract(continued):

meter; an upper valve disposed between the packers; and a lower valve disposed below the lower packer and operable to
selectively provide fluild communication between the wellbore and the flow meter. In another embodiment, a method Includes
lowering the tool string Iinto the wellbore; inflating the packers by operating the pump, thereby straddling a first zone; and while the
first zone Is straddled, measuring a flow rate from the first zone using the flow meter; and measuring a flow rate from a second zone
located between a lower packer and the bottom of the wellbore using the flow meter.
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ABSTRACT OF THE DISCLOSURE

Methods and apparatus for flow testing multiple zones in a single trip are provided. In
one embodiment a tool string includes a wireline cable head; upper and lower inflatable
packers; an electric pump operable to inflate the packers; a deflation tool; a flow meter;
an upper valve disposed between the packers; and a lower valve disposed below the
lower packer and operable to selectively provide fluid communication between the
wellbore and the flow meter. In another embodiment, a method includes lowering the
tool string into the wellbore; inflating the packers by operating the pump, thereby
straddling a first zone; and while the first zone is straddled, measuring a flow rate from
the first zone using the flow meter; and measuring a flow rate from a second zone

located between a lower packer and the bottom of the wellbore using the flow meter.
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APPARATUS AND METHODS OF FLOW TESTING FORMATION ZONES

BACKGROUND OF THE INVENTION

Field of the Invention
[0001] Embodiments of the present invention generally relate to apparatus and methods

of flow testing formation zones.
Description of the Related Art

[0002] In the drilling of oll and gas wells, a wellbore is formed using a drill bit that is urged
downwardly at a lower end of a drill string. After drilling a predetermined depth, the drill
string and bit are removed, and the wellbore is lined with one or more strings of casing or
a string of casing and one or more strings of liner. An annular area is thus formed
between the string of casing/liner and the formation. A cementing operation is then
conducted in order to fill the annular area with cement. The combination of cement and

casing/liner strengthens the wellbore and facilitates the isolation of certain areas of the

formation behind the casing for the production of hydrocarbons.

[0003] After a well has been drilled and completed, it is desirable to provide a flow path
for hydrocarbons from the surrounding formation into the newly formed wellbore. To
accomplish this, perforations are shot through the casing/liner string at a depth which
equates to the anticipated depth of hydrocarbons. Alternatively, the casing/liner may
iInclude sections with preformed holes or slots or may include sections of sand exclusion

screens. Zonal isolation may be achieved using external packers instead of cement.

[0004] When a wellbore 1s completed, the wellbore is opened for production. In some

instances, a string of production tubing is run into the wellbore to facilitate the flow of
hydrocarbons to the surface. In this instance, it is common to deploy one or more
packers In order to seal the annular region defined between the tubing and the

surrounding string of casing. In this way, a producing zone within the wellbore is isolated.

[0005] Subterranean well tests are commonly performed to determine the production
potential of a zone of interest. The test usually involves isolating the zone of interest and
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producing hydrocarbons from that zone. The amount of hydrocarbon produced provides

an indication of the profitability of that zone.

[0006] Formation testing generally involves isolating the zone(s) of interest using a
packer (or a plug). The packer is lowered to the target depth and actuated to seal
against the wellbore, thereby isolating the zone to be tested. To arrive at the zone of
interest, the packer is usually run through the production tubing string and then

expanded against the wellbore. The ID of the production tubing is usually substantially
smaller than the ID of the wellbore through the formation. This ID discrepancy requires

packers having high expansion ratios which are typically inflatable packers.

[0007] These inflatable packers typically include an inflatable elastomeric bladder
concentrically disposed around a central body portion such as a tube or mandrel. A
sheath of reinforcing slats or ribs may be concentrically disposed around the bladder and
a thick-walled elastomeric packing cover is concentrically disposed around at least a
central portion of the sheath. The inflatable packers may be deployed in a wellbore

using slickline, coliled tubing, threaded pipe, or wireline.

[0008] Pressurized fluid is pumped into the bladder to expand the bladder and the ribs
outwardly into contact with the wellbore. A valve such as a poppet valve may be used to
maintain the packer in an inflated state. After the packer is sufficiently expanded to seal
the welibore, the colled tubing, jointed pipe, or wireline i1s detached from the packer and

IS retrieved from the wellbore. The inflated packer remains to operate as a seal.

[0009] To test multiple zones, a separate trip into the wellbore Is performed to retrieve
the packer and set a new one. The process of re-entering the wellbore and setting a

new packer increases the time and effort of the operation.

[0010] There is a need, therefore, for apparatus and methods of testing multiple zones In

one trip.
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SUMMARY OF THE INVENTION

[0011] Embodiments of the present invention provide a method and apparatus for flow
testing multiple zones in a single trip. In one embodiment, a method of flow testing
multiple zones in a wellbore includes lowering a tool string into the wellbore. The tool
string includes an inflatable packer or plug and an electric pump. The method further
includes operating the pump, thereby inflating the packer or plug and isolating a first
zone from one or more other zones; monitoring flow from the first zone; deflating the
packer or plug; moving the tool string in the wellbore; and operating the pump, thereby
inflating the packer or plug and isolating a second zone from one or more other zones,

and monitoring flow from the second zone. The zones are monitored in one trip.

[0012] In another embodiment, a tool string for use in a wellbore includes an inflatable
packer or plug; an electric pump operable to inflate the packer or plug; and a detlation
tool operable to deflate the packer or plug in an open position. The deflation tool is

repeatably operable between the open position and a closed position and the tool string

IS tubular.

[0013] In another embodiment, a method of flow testing multiple zones in a wellbore
includes lowering a tool string into the wellbore. The tool string includes a plurality of
inflatable packers and/or plugs and a flow meter. The method further includes inflating
the packers and/or plugs, thereby straddling a first zone; monitoring flow from the first

zone using the flow meter; deflating the packer or plug; moving the tool string in the
wellbore; inflating the packer and/or plugs, thereby straddling a second zone; and

monitoring flow from the second zone using the flow meter. The zones are monitored In

one trip.

[0014] In another embodiment, a method of flow testing multiple zones in a wellbore
includes lowering a tool string into the wellbore. The tool string includes a plurality of
inflatable packers. The method further includes inflating the packers, thereby straddling a
first zone. The method further includes, while the first zone is straddled, monitoring flow
from the first zone; and monitoring flow from a second zone located between a lower

packer and the bottom of the wellbore.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] So that the manner in which the above recited features of the present invention,
and other features contemplated and claimed herein, are attained and can be
understood in detail, a more particular description of the invention, briefly summarized
above, may be had by reference to the embodiments thereof which are illustrated in the
appended drawings. It is to be noted, however, that the appended drawings illustrate
only typical embodiments of this invention and are therefore not to be considered limiting

of its scope, for the invention may admit to other equally effective embodiments.

[0016] Figure 1 illustrates a tool string deployed into a wellbore, according to one

embodiment of the present invention.

[0017] Figure 2 illustrates the tool string.

[0018] Figures 3A-3K illustrate an inflation tool suitable for use with the tool string.
[0019] Figure 4 is a cross section of a suitable one-way valve.

[0020] Figure 5 is a cross section of a suitable deflation tool, such as a pickup-unioader.

[0021] Figure 6A is a partial section of a plug suitable for use with the tool string. Figure

6B is a cross section of the plug.

[0022] Figure 7 illustrates a tool string, according to another embodiment of the present

iInvention.
[0023] Figure 8 is a cross section of a deflation tool suitable for use with the tool string.

[0024] Figure 9 illustrates a tool string, according to another embodiment of the present

invention.

[0025] Figure 10 illustrates a tool string, according to another embodiment of the present

invention.

[0026] Figure 11 illustrates an anti-blowup device or brake suitable for use with any of the
tool strings, according to another embodiment of the present invention.

4
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0027] Figure 1 illustrates a tool string 200 deployed into a wellbore 130, according to
one embodiment of the present invention. The tool assembly 200 is lowered down the
wellbore 130 on a wireline 120 having one or more electrically conductive wires 122
surrounded by an Insulative jacket 124. Alternatively, slickline, colled tubing, optical
cable, or continuous sucker rod may be used instead of the wireline 120. The wellbore
130 has been lined with casing 104 cemented 102 in place. Production tubing 108 may
extend from the surface 150 and a packer 106 may seal the casing/tubing annulus. The
wellbore has been drilled through a formation and one or more zones 100a-c have been
perforated. As shown, the casing 104 extends into the formation. Alternatively, a liner or

sand screen may be hung from the casing 104.

[0028] A wireline interface 170 may include instrumentation 172 to provide the operator
with feedback while operating the inflation tool 300. For example, the Iinstrumentation
172 may include a voltage instrument 174 and a current instrument 176 to provide an
indication of the voltage applied to the wireline 120 and the current draw of the inflation
tool 300, respectively. The voltage and current draw of the inflation tool 300 may provide
an indication of a state of the inflation tool 300. For example, a current draw of the
inflation tool 300 may be proportional to a setting pressure of the inflatable plug 600.
The instrumentation 172 may include any combination of analog and digital instruments
and may include a display screen similar to that of an oscilioscope, for example to allow

an operator to view graphs of the voltage signal applied to the wireline 120.

[0029] Figure 2 illustrates the tool string 200. The tool string 200 may include an inflation
tool 300, an adapter 215, a check or one-way valve 400, a deflation tool 500, and an
inflatable plug 600. A cable head 205 may connect the assembly 200 to the wireline 120
and provide electrical and mechanical connectivity to subsequent tools of the assembly
200, such as a collar locator 210 and the inflation tool 300. The collar locator 210 may
be a passive tool that generates an electrical pulse when passing variations in pipe wall,
such as a collar of a casing 104 within the wellbore 130. Alternatively or additionally, a
gamma-ray tool may be used to determine depth by correlating formation data with
wellbore depths. Alternatively or additionally, a depth of the string 200 may be



CA 02799564 2012-12-14

determined by simply monitoring a length of wireline 120 while lowering the string 200.
The adapter 215 may be used to couple the inflation tool 300 to the one-way valve 400.
In one embodiment, the adapter 215 is a cross-over sub having a fluid passage for fluid

communication between the inflation tool 300 and the inflatable plug 600.

[0030] The inflation tool 300 may be a single or multi-stage downhole pump capable of
drawing in wellbore fluid, filtering the fluids, and injecting the filtered fluids into the
inflatable plug 600. The inflation tool may be a positive displacement pump, such as a
reciprocating piston, or a turbomachine, such as a centrifugal, axial flow, or mixed flow
pump. The inflation tool 300 may be operated via electricity supplied down the wires 122
of the wireline 120 from a power supply 140 at a surface 150 of the wellbore 130. The
inflation tool 300 is operated at a voltage set by an operator at the surface 150. For
example, the inflation tool 300 may be operated at 120 VDC. However, the operator may
set a voltage at the surface 150 above 120 VDC (i.e. 160VDC) to allow for voltage loss
due to impedance in the electrically conductive wires 122. I[f coiled tubing is used
instead of wireline, the inflation tool 300 may be omitted as fluid may be injected from the

surface through the coiled tubing to inflate the plug 600.

[0031] Figures 3A-3K illustrate an inflation tool 300 suitable for use with the tool string
200. The Inflation tool 300 may include a collar locator crossover 301, a plurality of
screws 302, a pressure balanced chamber housing 303, a conductor tube 304, a
pressure balance piston 305, a fill port sub 306, a controller housing 307, a spring 308, a
pump housing 309, a working fluid pump 310, a pump washer 311, a pump adaptor 312,
a control valve bulkhead 313, a spring coupler 314, a detent housing 315, a disc 316, a
control rod 317, a plurality of heavy springs 318, a plurality of light springs 319, a top
bulkhead 320, a plurality of plugs 321, a drive piston 322a, a pump piston 322b, a
plurality of ported hydraulic cylinders 323, a middle bulkhead 324, a bottom bulkhead
326, a controller 327, an electric motor 328, a filter support ring 329, a vent tube 330, a
filter support tube 331, a filter housing 332, a vent crossover 333, a plurality of shear
screws 334, a directional valve 335, a check valve assembly 336, a drive shaft 337, a
bushing seal 338, a cylinder housing 339, a ground wire assembly 341, a lead wire

assembly 342, a spring 343, an output tube 344, a retaining ring 345, a plurality of set
screws 346, a spring bushing 347, a ring 348, a vent housing 349, a vent extension 350,

6
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a vent piston 351, a socket sub 352, a spring 353, a filter 354, a spacer 356, a crossover
357, a ball 360, a spring 361, a nozzle 362, a washer 365, a set screw 366, a plurality of
O-rings 367, a T-seal 368, a seal stack 369, and a wiper 370. The check valve assembly
336 may include a plurality of check valves 380a-d. Each check valve may include a
check ball 381, a spring 382, and a plug 383.

[0032] As shown, the inflation tool 300 may be an electro-hydraulic pump. The middle
bulkhead 324 fluidly isolates a working fluid portion of the pump 300 from a wellbore fluid
portion of the pump. The working fluid portion is filled prior to insertion of the pump 300
in the wellbore 130. The working fluid may be a clean liquid, such as oil. The working
fluid portion of the pump is a closed system. The electric motor 328 receives electricity
from the wireline 120 and drives the working fluid pump 310. The working fluild pump
310 pressurizes the working fluid which drives the drive piston 322a. The drive piston
322a is reciprocated by the directional valve 335 alternately providing fluid
communication between each longitudinal end of the drive piston 322a and the
pressurized working fluid. The drive piston 322a is longitudinally coupled to the pump
piston 322b. The check valve assembly 336 includes the inlet check valve 380a, b and
the outlet check valve 380c, d for each longitudinal end of the pump piston 322b. The
inlet check valves are in fluid communication with an outlet of the filter 354. Wellbore
fluid is drawn in through one or more inlet ports (see Figure 2) of the filter 354. Solid
particulates are filtered from the wellbore fluid as it passes through the filter. Filterea
wellbore fluid is output from the filter to the inlet check valves. Pressurized filtered
wellbore fluid is driven from the pump piston to the outlet check valves. The outlet check
valves are in fluid communication with the vent tube 330. Pressurized filtered wellbore
fluid travels through the vent tube 330 and the vent extension 350 to the crossover 357.

The pressurized filtered wellbore fluid continues through the string 200 until it reaches
the plug 600.

[0033] The pressure balance piston 305 maintains a working fluid reservoir at wellbore
pressure. The pump 300 may also be temperature compensated. The vent piston 351

allows for the pump 300 to operate in a closed system or in cross-flow.



CA 02799564 2012-12-14

[0034] Alternatively, the inflation tool 300 may be the inflatable packer setting tool
disclosed In U.S. Patent No. 6,341,654, 1ssued to Wilson et al. and assigned to
Weatherford/Lamb, Inc. of Houston, Texas. This alternative inflatable packer setting tool
assembly includes a fluid supply housing and a setting tool that is releasably
interconnected to an inflatable packer. The setting tool further includes a pump that is
fluidly interconnected with the inflatable packer and is operable to inflate the inflatable
packer. The fluid supply housing is fluidly interconnected with the setting tool and
Includes an inflation fluid passageway that has an inlet and outlet which is fluidly
Interconnected with a suction side of the pump. The inlet is in the form of an aperture on
an outer wall of the supply housing and functions to fluidly interconnect the passageway
to a source of first inflation fluid present in the well bore when the setting tool assembly is
lowered into the well bore. Further, a filter housing is situated in the supply housing so
that the second inflation fluid must pass through the filter housing prior to passing
through the inflation fluid passageway. The supply housing also includes a reservoir for
containing a second inflation fluid, such as a water-soluble oil. The reservoir includes a
spring-loaded movable piston that allows for the volume in the reservoir to vary (e.g., due
to thermal expansion of the second inflation fluid). An outlet of the reservoir is fluidly
interconnected with the inflation fluid passageway. Thus, the setting tool (i.e., the pump)
is operable to draw first and second inflation fluids from the supply housing and to deliver

a mixture of the first and second inflation fluids to the inflatable packer so as to inflate

Inflatable packer.

[0035] In yet another embodiment, the inflation tool may employ a high volume-low
pressure (HV-LP) pump in combination with a low volume-high pressure (LV-HP) pump
to inflate the inflatable plug. Such a pump combination is disclosed in U.S. Patent No.
6,945,330, issued to Wilson et al. and assighed to Weatherford/Lamb, Inc. of Houston,
Texas. In use, the HV-LP may initially inflate the plug 600 at a high rate until additional
pressure is necessary to exert a sealing force against the casing. At that time, the LV-
HP pump is actuated to supply inflation fluid at a higher pressure to seal the inflatable
element against the casing. In another embodiment, the tool assembly may Include a
fluid reservoir such that inflation tool may draw fluid from the attached fluid reservoir

instead of the wellbore to inflate the inflatable element.
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[0036] Figure 4 is a cross section of a suitable one-way valve 400. The one-way
valve 400 is adapted maintain inflation of the inflatable plug 600. In this respect one-way
valve 400 allows fluid to be pumped from the inflation tool 300 toward the inflatable plug
600 for inflation thereof, while preventing backflow of the pumped fluid from the inflatable
plug 600. The one-way valve 400 includes one or more valve elements, such as flappers
405a, b. Alternatively, a ball biased to engage a seat may be used instead of the flapper.
Each flapper is biased toward a closed position by a respective spring 415a, b. Each
flapper is pivoted to a housing 410 by a respective pin 415a, b. The housing may include
one or more tubulars. Each of the tubulars may be connected by threaded connections.
The dual valve elements 405a, b provide for redundancy in the event one of failure of
one of the valve elements. Alternatively, the one-way valve may be integrated with the
outlet of the inflation tool 300, thereby eliminating the need of a separate valve sub
connection. If the inflation tool 300 includes an integral check valve, then the one-way

valve 400 may be omitted.

[0037] Figure 5 is a cross section of a suitable deflation tool, such as a pickup-unloader
500. When operated by applying a tensile force to the wireline 120 (picking up), the
deflation tool 500 relieves the fluid in the inflatable plug/packer 600. Application of
compression force (slacking off) will close the deflation tool 500. The deflation tool 500
includes a tubular mandrel 503 having a longitudinal flow bore therethrough. A top sub
501 is connected to the mandrel 503 and a seal, such as an O-ring, isolates the
connection. The top sub connects to the check valve 400. A tubular case assembly
including an upper case 504, a nipple 510, and a lower case 511 is disposed around the
mandrel and longitudinally movable relative thereto. Seals, such as o-rings 508, 509,
and 512 or other suitable seals, isolate the case assembly connections. A biasing
member, such as a spring 513, is disposed between a ring 514 which abuts a nut 516
longitudinally coupled to the mandrel 503 and a longitudinal end of the nipple 510. The
ring may also be secured with one or more set screws 515. The spring 513 biases the

deflation tool toward a closed position (as shown).

[0038] [n the closed position, one or more ports, such as slots, formed through the upper

case 506 are isolated from one or more ports, such as slots, formed through the
mandrel. A nozzle 506 may be disposed in each of the upper case ports. Seals, such as

9
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o-rings 5095, isolate the upper case ports from an exterior of the deflation tool 500 and
from the mandrel ports. When operated to an open position, a tensile force exerted on
the wireline 120 pulls the mandrel flow ports into alignment with the upper case ports
while overcoming the biasing the force of the spring until a shoulder of the mandrel
engages a shoulder of the upper case 504. This allows the pressurized fluid stored in
the Inflated packer to be discharged into the wellbore, thereby deflating the packer.
Slacking off of the wireline allows the spring to return the mandrel to the closed position

where the mandrel shoulder engages a longitudinal end of the nipple.

[0039] Figure 6A is a partial section of a plug 600 suitable for use with the tool string 200.
Figure 6B Is a cross section of the plug 600. The plug 600 includes a packing element
605. The packing element 605 may be inflated using wellbore fluids, or transported
inflation fluids, via the inflation tool 300. When the packing element 605 is filled with

fluids, it expands and conforms to a shape and size of the casing.

[0040] The plug 600 includes a crossover mandrel 610a and a plug mandrel 610b. The
crossover mandrel 610a defines a tubular body having a bore 615a formed therethrough.
The plug mandrel 610b defines a tubular body which runs the length of the packing
element 605. A bore 615b is defined within the plug mandrel 610b. Further, an annular
region 620 is defined by the space between the outer wall of the plug mandrel 610b and
the surrounding packing element 605. The annular region 620 of the packing element
600 receives fluid from an upper annular region 625 of the plug 600 when the packing
element 605 is actuated. This serves as the mechanism for expanding the packing
element 605 Into a set position within the casing. To expand the packing element 605,
fluid is injected by the inflation tool 300, through bore of a top sub 601, through a bore of
the crossover mandrel 610a, through a port formed through a wall of the crossover
mandrel, through the upper annular region 625, and into the annulus 621 of the packing

element 600. Fluid continues to flow downward through the plug 600 until it is blocked at

a lower end by a nose 665.

[0041] The packing element 605 includes an elongated bladder 630. The bladder 630 is
disposed circumferentially around the plug mandrel 610b. The bladder 630 may be

fabricated from a pliable material, such as a polymer, such as an elastomer. The bladder

10
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630 is connected at opposite ends to end connectors 632 and 634. The upper end
connector 632 may be a fixed ring, meaning that the upper end of the packing element
600 is stationary with respect to the packing element 200. The lower end connector 634
is connected to a slidable sub 637. The slidable sub 637, in turn, is movable along the
plug mandrel 610b. This permits the bladder 630 and other packing element 600 parts to
freely expand outwardly in response to the injection of fluid into the annular region 620
between the plug mandrel 610b and the bladder 630. In this view, the lower end
connector 634 has moved upward along the plug mandrel 610b, thereby allowing the

packing element 600 to be inflated.

[0042] The packing element 605 may further include an anchor portion 640. Alternatively,
an anchor may be formed as a separate component. The anchor portion 640 may be
fabricated from a series of reinforcing straps 641 that are disposed around the bladder
630. The straps 641 may be longitudinally oriented so as to extend at least a portion of
the length of or essentially the length of the packing element 600. At the same time, the
straps 641 are placed circumferentially around the bladder 630 in a tightly overlapping
fashion. The straps 641 may be fabricated from a metal or alloy. Alternatively, other
materials suitable for engaging the casing, such as ceramic or hardened composite. The
straps 641 may be arranged to substantially overlap one another in an array. A sufficient
number of straps 641 are used for the anchor portion 640 to retain the bladder 630

therein as the anchor portion 640 expands.

[0043] The metal straps 641 are connected at opposite first and second ends. The strap
ends may be connected by welding. The ends of the straps 641 are welded (or otherwise
connected) to the upper 632 and lower 634 end connectors, respectively. The anchor
portion 640 is not defined by the entire length of the straps 641; rather, the anchor
portion 640 represents only that portion of the straps 641 intermediate the end
connectors 632, 634 that is exposed, and can directly engage the surrounding casing. In

this respect, a length of the straps 641 may be covered by a sealing cover 650.

[0044] The sealing cover 650 is placed over the bladder 630. The cover 650 is also

placed over a selected length of the metal straps 641 at one end. Where a cover ring 635

Is employed, the sealing cover 650 is placed over the straps 641 at the end opposite the

11
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cover ring 635. The sealing cover 650 provides a fluid seal when the packing element
605 Is expanded into contact with the surrounding casing. The sealing cover 650 may be
fabricated from a pliable material, such as a polymer, such as an elastomer, such as a

blended nitrile base or a fluoroelastomer. An inner surface of the cover 650 may be

bonded to the adjacent straps 641.

[0045] The sealing cover 650 for the packing element 600 may be uniform in thickness,
both circumferentially and longitudinally. Alternatively, the sealing cover 650 may have a
non-uniform thickness. For example, the thickness of the sealing cover 650 may be
tapered so as to gradually increase in thickness as the cover 650 approaches the anchor
portion 640. In one aspect, the taper is cut along a constant angle, such as 3 degrees. In
another aspect, the thickness of the cover 650 is variable in accordance with the
undulating design of Carisella, discussed in U.S. Pat. No. 6,223,820, issued May 1,
2001. The variable thickness cover reduces the likelihood of folding within the bladder
630 during expansion. This is because the variable thickness allows some sections of
the cover 650 to expand faster than other sections, causing the overall exterior of the

element 605 to expand in unison.

[0046] The cover ring 635 is optionally disposed at one end of the anchor portion 640.
The cover ring 635 may be made from a pliable material, such as a polymer, such as an
elastomer. The cover ring 635 serves to retain the welded metal straps 641 at one end
of the anchor portion 640. The cover ring 635 typically does not serve a sealing function
with the surrounding casing. The length of the cover ring may be less than the outer

diameter of the packing element’s running diameter.

[0047] As the bladder 630 is expanded, the exposed portion of straps 641 that define the
anchor portion 640 frictionally engages the surrounding casing. Likewise, expansion of
the blaader 630 also expands the sealing cover portion 650 into engagement with the
surrounding bore or liner. The plug 600 is thus both frictionally and sealingly set within
the casing. The minimum length of the anchor portion 640 may be defined by a
mathematical formula. The anchor length 640 may be based upon the formula of two
point six three multiplied by the inside diameter of the casing. The maximum length of

the expanded anchor portion 640 may be less than fifty percent of the overall length of

12
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the packing element 600 upon expansion. In this regard, the anchor portion 640 does not
extend beyond the center of the packing element 605 after the packing element is

expanded.

[0048]) Alternatively, a packing element disclosed in U.S. Patent No. 5,495,892 issued to
Carisella may be used instead of the packing element 600. Alternatively, a solid packing

element compression plug may be used instead of the inflatable plug 600.

[0049] Referring back to Figure 1, the tool string 200 may be used to isolate and flow test
multiple zones. The test may include a pressure buildup and/or a pressure drawdown
test. For example, the tool string 200 may be used to test the three perforation zones
100a-c, shown In Figure 1. Initially, production from all three zones may be measured to
determine the total flow. Then, the tool string 200 is conveyed on the wireline 120 Into
the wellbore 130 such that the inflatable packer 600 is positioned between the first zone
100a and the second zone 100b, thereby isolating the first zone 100a from the second
and third zones 100b, c. The string 200 may be lowered down the wellbore 130 while

monitoring a signal generated by the collar locator 210 to determine a depth.

[0050] After reaching the desired location, a signal is sent from the surface to activate the
inflation tool 300 and pump fluid to expand the inflatable plug 600. The current draw of
the inflation tool 300 is monitored to determine the extent of inflation. For example, the
current draw may be proportional to the pressure in the inflatable plug 600. The
inflatable plug 600 is inflated until a predetermined pressure is reached. The inflation
pressure is maintained by the one-way valve 400. Actuation of the inflatable plug 600
isolates the first zone 100a from the other two zones 100b, c. In this respect, only the
flow from the second and third zones 100b, c is collected. The inflation tool 300 remains

connected to the inflatable element during the flow test.

[0051] After flow of the second and third zones 100b, ¢ has occurred for a predetermined
time, the inflatable plug 600 is deflated and moved to another location. To deflate the
plug 600, the wireline 120 is picked up to apply a tension force to the defiation tool 500,
in this case, the pickup unloader. The tension force causes the pickup unioader 500 to

open, thereby allowing deflation of the plug 600.
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[0052] After deflation, the plug 600 is moved to a location between the second zone 100b
and the third zone 100c. The process of actuating the plug 600 is repeated to isolate the
third zone 100c from the remaining two zones 100a, b. In this respect, only flow from the
third zone 100c is collected. After the test is run, the plug 600 may be deflated in a
manner described above. From the flow data collected from the two tests and the total
flow of all three zones, the flow of each zone may be calculated in a conventional
manner known to a person of ordinary skill in the art. In this manner, flow testing of

multiple zones may be performed in one trip.

[0053] The tool string 200 may also include an instrumentation sub 1010 (see Figure 10).
The instrumentation sub includes a pressure sensor and a temperature sensor. The
iInstrumentation sub may also include sensors for measuring other wellbore parameters,
such as fluid density, flow rate, and/or flow hold up. The instrumentation sub may also
Include sensors to monitor condition of the tool string 200. For example, the
iInstrumentation sub may include pressure and temperature sensors in communication
with the inflation fluid path for monitoring performance of the inflation tool 300 and/or the
plug 600. Additionally, the instrumentation sub may include a sensor for determining
whether the plug has set properly (1.e., by monitoring position of the slidable sub 637).
The instrumentation sub may be disposed below the plug 600 so that it may measure the

effect of testing one or more zones on the isolated zone(s).

[0054] Alternatively, the instrumentation sub may be placed above the plug for measuring
parameters of the zone(s) being tested. Additionally, a first instrumentation sub may be
provided below the plug and a second instrumentation sub may be provided above the
plug. The instrumentation sub may include a battery pack and a memory unit for storing
measurements for downloading at the surface. Alternatively, the instrumentation sub
may be In data communication with the wireline for real time data transfer. The
instrumentation sub may be hard-wired to the wireline so that it may be powered thereby
and transmit data thereto. The instrumentation sub may also communicate data to the

wireline via short-hop wireless EM.

[0055] An exemplary tool string 200 equipped with sensors Is disclosed In U.S. Patent

No. 6,886,631. In the embodiment where the tool string 200 is lowered on a conveying
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member other than wireline, the sensor data may be stored in a memory connected to

the probe. The stored data may be accessed after the tool string 200 is retrieved.

[0056] Additionally, the tool string 200 may include a perforation gun. The perforation
gun may be used after testing of the zones 100a-c to further perforate any of the zones
100a-c. Additionally, the string 200 may be moved to a depth of a new zone and the
perforation gun used to create the new zone in the same trip that the zones 100a-c are
tested. Alternatively, the perforation gun may be used to create any one of the zones

100a-c prior to testing.

[0057] Figure 7 Illustrates a tool string 700, according to another embodiment of the
present invention. The pickup-unloader 500 has been removed and replaced with
another deflation tool, such as an electronic shut-in tool (ESIT) 800. To facilitate
placement of the ESIT, the plug 600 has been replaced by a packer 600a. The ESIT 800
may be connected to a lower portion of the inflatable packer 600a and in fluid
communication therewith. The packer may be identical to the plug 600 except for
replacement of the nose 665 with a coupling for connection to the ESIT 800.
Additionally, the pickup unioader 500 may be used in the string 700 as a backup for the

ESIT 800.

[0058] Figure 8 is a cross section of the ESIT 800. The ESIT may include an O-ring 801,
an upper valve housing 802, a valve sleeve 804, a lower valve housing 806, a piston

housing 807, a valve operator 808, a shear pin 809, a top sub 810, a head retainer 811,
a thrust bearing 812, a boss 813, a nut connector 814, a drive housing 815, a motor

crossover 816, a lower thrust bearing 817, a thrust sub 818, a grease plug 819, a motor
housing 820, a motor bracket 821, a coupling 822, a coupling link 823, a shaft coupling
824, a battery crossover 825, a battery nousing 826, a bottom sub 827, a battery pack
828, a drive shaft 829, an electric motor and electronics assembly 830, a nut 831, a filter
832, a connector 833, one or more O-rings 836, one or more O-rings 837, a wear strip
838, one or more O-rings 839, one or more O-rings 840, one or more O-rings 841, one or
more O-rings 842, a longitudinal pressure seal 843, a cap screw 844, a set screw 845, a
set screw 846, a set screw 847, a cap screw 848, an O-ring 851, a grease fitting (not

shown), and a back up ring 853.
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[0059] The electronics 830 may include a memory and a controller having any suitable
control circuitry, such as any combination of microprocessors, crystal oscillators and
solid state logic circuits. The controller may include any suitable interface circuitry such
as any combination of multiplexing circuits, signal conditioning circuits (filters, amplifier
circuits, etc.), and analog to digital (A/D) converter circuits. In use, the ESIT 800 may be
preprogrammed with the desired open and close intervals, for example, open for 30
minutes and close for 12 hours. When the ESIT 800 is open, the packer 600a will be
allowed to deflate. When the ESIT 800 is closed, the packer 600a will be allowed to
inflate, for example, by the inflation tool 300. The preprogrammed intervals will allow the

tool assembly 200 to be repositioned at another zone for testing.

[0060] The valve sieeve 804 is longitudinally movable relative to a housing assembly
802, 806, 810, 815, 820, 825, 827 by operation of the motor 830. The valve sleeve 804
IS movable between a closed position (as shown) where a wall of the valve sleeve covers
one or more flow ports formed through a wall of the upper valve housing 802. A shaft of
the motor 830 is rotationally coupled to the drive shaft 829 via the couplings 822-824. A
portion of the drive shaft 829 has a thread formed on an outer surface thereof. The nut
831 is engaged with the threaded portion of the drive shaft 829. Rotation of the drive
shaft 829 by the motor 830 translates the nut 831 longitudinally. The nut 831 is
longitudinally coupled to the valve operator 808. The valve operator has one or more
slots formed through a wall thereof. A respective head retainer 811 is disposed through
each of the slots. Each head retainer is longitudinally coupled to the housing assembly.
In the closed position, each head retainer engages an end of the slot. The valve
operator i1s longitudinally coupled to the valve sleeve 804. Thus, rotation of the motor
shaft moves the valve sleeve 804 longitudinally relative to the housing assembly from the
closed position to the open position where the valve sleeve openings are in fluid
communication with a bore of the upper valve housing 802 and thus the packer. I[n the

open position, each head retainer engages the other end of the respective slot.

[0061] A bore formed through the vaive sleeve 804 is In fluld communication with the
upper valve housing bore. The valve sleeve 804 is also in filtered 832 fluid

communication with a bore formed through the piston housing 807. One or more ports
are formed through a wall of the piston housing 807. The ports provide fluid
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communication between the piston housing bore and a bore formed through the valve
operator. The slots formed through the valve operator provide fluid communication
between the valve operator bore and a clearance defined between the valve operator
and the top sub 810. The clearance provides fluid communication between the valve
operator bore and a chamber formed between valve sleeve 804 and the valve housing
806. This fluid path keeps a first longitudinal end of the valve sleeve equalized with a
second end of the valve sleeve so that the motor 830 does not have to overcome fluid
force. Alternatively, the ESIT 800 may be in communication with the wireline for

receiving power and/or control signals.

[0062] Figure 9 illustrates a tool string 900, according to another embodiment of the
present invention. The tool string 900 includes the packer 600a and the plug 600
separated by a spacer pipe 905. Alternatively, the plug may be replaced by a second
packer so that the ESIT 800 may be used instead of the pickup unloader 500. In use,
the packer and plug may be actuated to straddle a zone of interest. During testing, the
zone(s) above the packer 600a may be monitored for the production flow. The zone
between the plug and the packer may be monitored for pressure changes caused by
flowing the zone above the packer. The collected pressure data may be used to further
determine the potential of the formation. It must be noted that the zones may be

monitored for temperature, fluid density, or other desired parameters.

[0063] Alternatively, the piug may be replaced by a second packer and the tool string 900
may include a bypass flow path having an inlet below the second packer and an outlet
above the packer 600a. In this manner, zones 100b, ¢ may be isolated while zone 100a
is tested. The bypass flow path may be within the packers, i.e. through the bores, and
the Inflation path may be through the annuluses. Alternatively, tubing may be added to
provide the inflation path from the inflation tool 300 to the packer and the plug.

[0064] Additionally, the tool string 900 may include a perforation gun. The perforation
gun may be used after testing of the zones 100a-c to further perforate any of the zones
100a-c. Additionally, the string 900 may be moved to a depth of a new zone and the

perforation gun used to create the new zone in the same trip that the zones 100a-c are
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tested. Alternatively, the perforation gun may be used to create any one of the zones

100a-c prior to testing.

[0065) Figure 10 illustrates a tool string 1000, according to another embodiment of the
present invention. The tool string 1000 includes a production logging tester (PLT) 1005,
two ESITs 800a, b, and two Instrumentation subs 1010a, b. The PLT 1005 includes a
flow meter. The flow meter may be a simple single phase meter or a multiphase (i.e.,
gas, oil, and water) meter. The flow meter may be as simple as a spinner or as complex
as a Venturi with a gamma ray tool and pressure and temperature sensors to measure
flow rates of individual phases. For the more complex flow meters, the instrumentation

sub 1010a may be omitted if it is redundant.

[0066] The too! string 1000 may straddle and test each of the zones 100a-c individually.
For example, the packers 600a,b may be Inflated adjacent zone 100b to straddle the
zone. The ESIT 800a port opens to allow production fluid into the bypass path. The
production fluid travels along the bypass path to the PLT 1005 which measures the flow
rate of the fluid. The fluid exits the PLT 1005 and comingles with the fluid from zone
100c. The data from the PLT 1005 may be stored in a memory unit or transmitted to the
surface in real time. The packers may then be deflated using the second ESIT 800b.

The tool string 1000 may then be moved to the next zone of interest and the sequence

repeated.

[0067] Further, the tool string 1000 provides for collection of the flow test data in the
wellbore 130 instead of at the surface. In this manner, any transient flow pattern (i.e.,

slugging) may be measured before the flow pattern changes while flowing to the surface.

[0068] Alternatively, the second ESIT 800b may be in fluid communication with the

bypass path instead of the inflation path. This alternative would allow for individually
testing the straddled zone 100b by opening the ESIT 800a and then individually testing
the zone 100a below the second packer 600b by closing the ESIT 800a and opening the
ESIT 800b. The order may be reversed. This alternative may include a pickup unloader
or an additional ESIT to deflate the packers 600a, b.
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[0069] Alternatively, the packer 600b and instrumentation sub 1010b may be omitted.
This alternative would be analogous to the tool string 200 but would provide for the

collection of data in the wellbore.

[0070] Additionally, the tool string 1000 may include a perforation gun. The perforation
gun may be used after testing of the zones 100a-c to further perforate any of the zones
100a-c. Additionally, the string 1000 may be moved to a depth of a new zone and the
perforation gun used to create the new zone in the same trip that the zones 100a-c are
tested. Alternatively, the perforation gun may be used to create any one of the zones

100a-c prior to testing.

[0071] Figure 11 illustrates an anti-blowup device or brake 1100, according to another
embodiment of the present invention. The brake 1100 may be disposed in any of the
tool strings 200, 700, 900, 1000. The brake 1100 is operable to prevent the tool
assembly from being blown toward the surface in the event that a pressure differential
develops across the tool assembly while the packer(s)/plug is not set (i.e., loss of
pressure control at the surface) or the packer(s)/plug fails. The brake 1100 may be
positioned at or near an end of the tool assembly proximate to the wireline. The brake
1100 may include a top sub 1101, a cap screw 1102, a plurality of pins 1103, a spring
1104, a plurality of anchor legs or dogs 1105, a housing 1106, an insulating material
1107, a cone 1108, a nut 1109, an insulator 1110, a set screw 1111, a guide 1112, a cap
screw 1113, an insulator 1114, a contact rod 1115, a slack joint 1116, an insulator 1117,

a contact plunger 1118, a contact assembly 1119, an O-ring 1120, and a retaining ring
1121.

[0072] Should the tool assembly begin to accelerate toward the surface due to a loss of
pressure control, the slack joint and cone 1108, which are longitudinally coupled to the

rest of the tool assembly, move relative to the dogs 1105, which are pivoted to the
housing 1106. The inertia and weight of the housing, top sub, and dogs 1105 retains
them longitudinally. The dogs are pushed radially outward through respective openings
in a wall of the housing and into engagement with the casing by sliding of inner surfaces

thereof along the cone. The outward movement of the dogs also extends the spring

1104. The outward movement continues until the cap screw engages an end of a slot
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formed in an outer surface of the slack joint 1116. Engagement of the slack joint with the
guide 1112, which is longitudinally coupled to the housing, which is now secured to the
casing, halts acceleration of the tool assembly toward the surface. Once pressure
control has been regained, the weight of the tool assembly will pull the cone and slack
joint longitudinally until the cap screw 1113 engages the other end of the slack joint slot

while the spring retracts the dogs radially inward.

[0073] In another embodiment, the tool strings 200, 700, 900 & 1000 with one or more
perforation guns included may be used open up a new zone for production or to shoot

additional perforations within an existing production zone.

[0074] In the case that additional perforations are to be made within an existing
production zone, the method may involve the steps of running into a wellbore a tool
string 200, 700, 900 & 1000 with one or more perforation guns inciuded, then setting the
packer(s) and/or plug(s) (as appropriate to the tool string configuration 200, 700, 900 or
1000) and flow testing the desired zone, then detonating the perforating guns and then
flow testing the desired zone again. Additionally or alternatively, the packer(s) and/or
plug(s) may be unset prior to detonating the perforating guns. Additionally, the tool string
may be moved to reposition the perforating guns at a desired depth prior to detonating
the perforating guns. Additionally, the packer(s) and/or plug(s) may be reset prior to
detonating the perforating guns. Alternatively, the packer(s) and/or plug(s) may be reset

after detonating the perforating guns.

[0075] If there is a zone already open for flow separate from the zone to be perforated,
the method may include the step of testing the production from the already open zone

prior to shooting perforations into the new zone.

[0076] The brake 1100 may be useful in this embodiment as the tool string(s) may be

susceptible to being blown up the wellbore upon detonation of the perforating gun.

[0077) Furthermore, this embodiment would be conducted in a single trip into the

wellbore.
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[0078] In another embodiment, any of the tool assemblies 200, 700, 900, 1000 may be
lowered down the wellbore 130 on a conveying member other than a wireline 120 (e.g.,
continuous sucker rod, slickline, or optical fiber). In such embodiments, the tool
assembly 110 may include a battery to power the inflation tool 300 and a trigger device
to actuate the inflation tool 300. Still further, the assembly 110 may be configured to
operate autonomously (i.e., without surface intervention) after receiving a triggering
signal from a triggering device which may supply power to the inflation tool 300 from the
battery. The triggering device may generate trigger signal upon the occurrence of
predetermined trigger conditions. For example, the triggering device may monitor an
output of the casing collar locator 210 to determine depth or an output of a temperature
or pressure sensor. Exemplary operating tools deployed on conveying members other
than wireline is described in U.S. Patent No. 6,945,330. |n yet another embodiment, the

tool assembly may include a tractor to facilitate movement through the wellbore.

[0079] In another embodiment, the plugs and/or packers of any of the tool strings 200,
700, 900, 1000 may remain in the wellbore to isolate a zone of interest after the flow test
is performed. In this respect, the inflatable element may be separated from the tool

assembly and remain in the wellbore either temporarily or permanently.

[0080] In yet another embodiment, although the inflation tool and the deflation tool are

discussed as separate tool, it is contemplated that the tools may be integrated as a

single tool.

[0081] In yet another embodiment, any of the tool strings 200, 700, 900, and 1000 may
also be used to inject a treatment fluid. For example, after the inflatable plug/packer is
activated, a wellbore treatment fluid such as a fracturing fluid or other chemical fluid may

be injected into the zone of interest. The treatment process and the flow test may be

performed in the same trip.

[0082] Embodiments of the present invention are especially useful for deployment from
off-shore rigs where rig time and rig space are at a premium. Alternatively, embodiments
of the present invention are useful for land-based rigs as well. Embodiments of the

present invention are useful for vertical and deviated (including horizontal) wellbores.
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[0083] While the foregoing is directed to embodiments of the present invention, other and
further embodiments of the invention may be devised without departing from the basic

scope thereof, and the scope thereof is determined by the claims that follow.
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Claims:

1. A tool string for flow testing multiple zones in a wellbore, comprising:

a wireline cable head;

upper and lower inflatable packers:;

an electric pump operable to inflate the packers;

a flow meter disposed above the upper packer;

an upper valve disposed between the packers and operable to selectively
provide fluid communication between the wellbore and the flow meter utilizing an upper
fluid path that bypasses the upper packer:

a lower valve disposed below the lower packer and operable to selectively
provide fluid communication between the wellbore and the flow meter utilizing a lower
fluid path that bypasses the lower packer and the upper fluid path; and

a deflation valve for deflating the packers,

wherein the tool string is tubular.

2. The tool string of claim 1, wherein the upper valve, the lower valve, and the

deflation valve are electronic shut-in tools.

3. The tool string of claim 1, wherein the pump comprises:
a pressure balanced closed working fluid system having a working fluid pump

and an electric motor operable to drive the working fluid pump, and
a reciprocating hydraulic pump having a drive piston in selective fluid
communication with the working fluid pump and a pump piston in selective fluid

communication with the wellbore and the packers.

4. A method of flow testing multiple zones in a wellbore, comprising:
lowering a tool string into the wellbore, the tool string comprising:
upper and lower inflatable packers, and
a pump,
a flow meter disposed above the upper packer,
23
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an upper valve disposed between the packers and operable to selectively
provide fluid communication between the wellbore and the flow meter utilizing an
upper fluid path that bypasses the upper packer,

a lower valve disposed below the lower packer and operable to selectively
provide fluid communication between the wellbore and the flow meter utilizing a
lower fluid path that bypasses the lower packer and the upper fluid path; and

a deflation valve for deflating the packers;
inflating the packers by operating the pump, thereby straddling a first zone; and
while the first zone is straddlied:

measuring a flow rate from the first zone using the flow meter;

measuring a flow rate from a second zone located between the lower
packer and the bottom of the wellbore using the flow meter; and

using the deflation valve to deflate the packers.
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