SYSTEM FOR RADIOGRAPHY IMAGING AND METHOD
OF OPERATING SUCH SYSTEM

BACKGROUND

10681} The ficld of the disclosure relates generally to radiography imaging systems and, more

particularly, to using a radiography imaging system to generate images of a pipe assembly.

{6802} Radicgraphy imaging systems use rays to image portions of g target. A radiation
source of the radiography imaging systems cmits the ravs in a direction towards the target.
Upon striking the target, some of the rays are absorbed by the target and some of the rays are
scattered through interaction with the target. Some of the rays that are scattered by the target
strike a sensor which i used to gencrate an image of the target. The resulting image shows
mternal portions of the target.  Accordingly, radiograpby imaging is used to determine
characteristics of the target that are incapable of determunation by non-destructive visual
inspection. However, radiography imaging svstems emit radiation that poses a health risk to
operators and other personnel that may unnecessarily encounter the radiation. Therefore, use
of radiography imaging systems is carefully monitored and controlled to limit radiation

exposure for personnel.

[6603] Pipc asscmblics are routinely inspected using radiographv imaging systems 0
determine characteristics of the pipe assemblies. One type of pipe assembly is a Christmas tree
structure. Christmas tree structures are positioned on welheads of o1l and gas wells to control
valving of the oil and gas wells. The Christimas tree structures include high-pressure metal
pipes that have been welded together. Radiography testing is especially useful to mspect the
numerous pipes, valves, and welds on the Christmas tree structures. For radiation safety, areas
surrounding the pipe assemblies arg evacuated while the pipe assemblies are inspected.

However, evacuating the surrounding arcas results in a loss of productivity,

[0804] Sometimes, the pipe assemblies are moved to a remote site for radiography tmaging.
However, moving the pipe assemblics also results in a loss of productivity. For example, in
one mstance, moving one pipe assembly to a remote site, nspecting the pipe assembly at the
remote stte, and retarning the pipe assembly to the factory Hloor takes up to three days for cach

pipe assembly. Accordingly, moving and imaging four pipe assemblics at the remote site



consumes twelve days. Alternately, radiography imaging of the four pipe assemblics without
relocating the pipe assemblics consumes only two days for all four assemblies. Accordingly,

moving the four pipe assemblics for radiography testing results in aten day loss of productivity.
BRIEF DESCRIPTION

[B605] Inonc aspect, aradiography imaging system for generating images of a pipe assembly
is provided. The pipe assembly includes at least one of a pipe, tubing, and a weld. The
radiography imaging system includes a radiation source for emitting rays. The radiation source
includes a radicactive isctope having an activity level within a range between about 1 Curnie
and about 40 Cunies. The radiation source is positioned adjacent a portion of the pipe assembly.
A detector is positioned opposite the radiation source. The portion of the pipe assembly i
positioned between the radiation source and the detector such that the rays mteract with the
portion of the pipe assembly and strike the detector. The detector includes an imaging plate
that 1s activated by illununation with the rays with an exposure within a range between about
(.5 cunie-minute and about 5 Curie-minutes of radiation. The imaging plate has a thickness
within a range between about 5 mm and about 15 mm. The detector further includes an imaging
unit tor generating images based on mformation from the imaging plate. The imaging unit bas

a pixel piich that 1s within a range between about 25 microns and about 100 microns.

[6806] In ancther aspect, a pipe assembly manufacturing facility for assembling a plurality
of pipe assemblics is provided. The pipe assembly manufactunng facility includes at least one
assembly area for assembling the plurality of pipe assemblics and a radiography imaging
system for gencrating images of the plurality of pipe assemblies. The radiography imaging
system includes a radiation source for emitting ravs. The radiation source is positioned
adjacent to at least one pipe assembly of the plurality of pipe assemblies. The radiation source
mncludes a radioactive isotope having an activity level within a range between about | Curie
and about 40 Curics. A detector is positioned opposite the radiation source. A portion of the
at feast one pipe assembly of the plurality of pipe assemblies is positioned between the radiation
source and the detector such that the rays interact with the portion of the at least one pipe
assembly and strike the detector. The detector includes an imaging plate and an imaging unit.
The maging plate is activated by illummation with the rays with an exposure within a range
between about 0.5 curie~-minute and about 5 Curie-minutes of radiation. The imaging plate has

a thickness within a range between about 5 mim and about 15 mum. The imaging unit gencrates



images based on information from the imaging plate. The mmaging unit has a pixel pitch that
is within a range between about 25 microns and about 100 mucrons. The pipe assembly
manufacturing facility further includes at least one inspection area for inspecting the at least
ong pipe assembly of the plurality of pipe assemblics using the radiography imaging svsiem.
The at least one inspection area is contiguous with the at least one assembly area. The at least
on¢ pipe assembly remains in the at least one inspection arca during operation of the

radiography tmaging svstem.

[3607] In yet another aspect, a method of mmaging a pipe assembly uses a radicgraphy
imaging system. The radiography tmaging system includes a radiation source and a detector.
The radiation source includes a radioactive isotope. The method includes mounting the
radiography imaging system on the pipe assembly such that a portion of the pipe assembly is
positioned between the radiation source and the detector. Rays are emitted from the radiation
source such that the rays interact with the pipe assembly and strike the detector. The
radioactive isotope has an activity level within a range between about 1 Curie and about 40
Curtes. The pipe assembly s illuminated with the rays with an exposure within a range
between about 0.5 Curte-minute and about 5 Carie-minutes of radiation. The imaging plate of
the detector 15 activated with the rays and an image of the pipe assembly is generated.
DRAWINGS

[B808] These and other features, aspects, and advantages of the present disclosure will
become better understood when the following detailed description is read with reference to the
accompanying drawings in which like characters represent like parts throughout the drawings,
wherein:

16009] FIG. 11s aperspective view of an exemplary radiography immaging system;

[B816] FIG. 215 a partial perspective view of the radiography imaging system shown in FIG.
1 positioned on an exemplary pipe assembly; and

16011} FIG 3 1s a plan view of an exemplary pipe assembly manufacturing facility for pipe
assemblies.

{6812} FIG. 4 is a section view of an exemplary radiation source for use in the radiography

wmaging system shown in FIG. |
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{30813} FIG. 5 s a perspective view of an exemplary casing for an exemplary detector 104

used in the radiography imagig system shown in FIG. 1.
[6014] FIG. 615 a perspective view of the casing shown in FIG. 5 1n a flexed position.

[6815] Unless otherwise indicated, the drawings provided herein are meant to iHlustrate
features of embodiments of this disclosure. These features are believed to be applicable m a
wide variety of systems compnising one or more embodiments of this disclosure. As such, the
drawings are not meant to include all conventional features known by those of ordinary skill in

the art to be required for the practice of the embodiments disclosed herein.
DETAILED DESCRIPTION

[G016]  In the following specification and the clamms, reference will be made to a number of

terms, which shall be defined to have the following meanings.

10617} The sngular forms 2", “an”, and “the” include plural references unless the context

clearly dictates otherwise.

[6818] “Optional” or “optionally”™ means that the subsequently described event or
circumstance may or may not ocecur, and that the description includes instances where the event

occurs and mstances where it does not.

13619} Approximating fanguage, as used herein throughout the specification and claims, may
be applied to modity any quantitative representation that could permissibly vary without
resulting in a change in the basic function to which it 1s related. Accordingly, a value modified
by a term or terms, such as “about”, “approximately”, and “substantially”, are not to be limited
to the precise value specified. In at least some instances, the approximating language may
correspond to the precision of an instrument for measuring the value. Here and throughout the
specification and claims, range limitations may be combined and/or interchanged, such ranges
are identified and include all the sub-ranges containgd therein unless context or language

indicates otherwise.

[0628] The methods and svstems described hergin overcome at least some disadvantages of
known radiography imaging systems by providing a radiography imaging systern that enuts a
low level of radiation and has a high sensitivity imaging plate. As a result, a pipe assembly is

mspected using the radiography 1maging system without relocation 1o a remote site and without



evacuating the arcas surrounding the pipe assembly during the radiography imaging. In some
embodiments, the radiography imaging system includes additional shielding to inhibit exposing
personnel near the pipe assembly to radiation during radiography imaging. Moreover, the
radiography imaging system described herem is sized and configured to position on portions

of the pipe assembly having little clearance space.

[B621] FIG. 1 is a perspective view of an exemplary radiography imaging system designated
generally by the number 100, Radiography imaging svstem 100 includes a radiation source
102, a detector 104, and a controller 106, A target 108 1s positioned between radiation source
102 and detector 104 In operation, radiation source 102 emmts ravs 110, ¢.g., pulses of photons,
that travel towards target 108 and strike detector 104, Detector 104 includes an imaging unit
112 that produces tmages based on information generated from rays 110 striking detector 104,
In the exemplary embodiment, rays 110 are gamina rays having an encrgy between about 100
kiloelectron-volts (keV) and about 500 keV. In alternative embodiments, radiation source 102
emits any rays 110 at anv energy that enable radiography imaging system 100 to function as

described heremn.

[6622]  Inthe exemplary embodiment, radiation source 102 includes a guide tube 114, aclose
proximity container 116, and a pellet 118, Guide tube 114 has an inlet end 120, an outlet end
122, and a sidewall 124 extending between inlet end 120 and outlet end 122, Sidewall 124
inhibits radiation escaping guide tube 114 as pellet 118 travels through guide tube 114 from
inlet end 120 to outlet end 122, In the exemplary embodiment, sidewall 124 includes at least
one laver of ungsten and is curved to form a cylindrical shape with a diameter 125, Drameter
123 is substantially constant from nlet end 120 to outlet end 122, In alternative embodiments,
diameter 125 varies from inlet end 120 to outlet end 122, In altemative finther embodiments,
sidewall 124 has any shape and mcludes any matenals that enable radiation source 102 to
function as described herein.  Preferably, ginde tube 114 has a length between about 50
milhimeters (mm) (2 inches (in.}) and about 2530 mm (10 in). In the exemplary embodiment,
guide tube 114 has a length of approxamately 152 mm {6 in.}. The length of gwide tube 114
reduces the time that pellet 118 is in guide tube 114 and, thereby, reduces radiation that s
cmitted from radiation source 102, Additionally, the length of guide tube 114 facilitates
radiography tmaging system 100 fitting in positions on pipe assembly 200 having little

clearance space. In aliemative embodiments, guide tube 114 has any length that enables

(v



radiation source 102 to function as described herein. In further alternative embodiments, gwide

tube 114 1s omitted.

[6023] In the exemplary embodiment, close proximity contammer 116 has a sidewall 126
defining an interior space 128, Sidewall 126 18 curved to form a cylindncal shape with a
diameter 127, Diameter 127 is substantially equal to diameter 125,  In alternative
embodiments, diameter 125 15 less than diameter 127 to facilitate guide tube 114 and close
proximity container flexing in varous directions. In further alternative embodiments, diameter
125 and diameter 127 are any measurcment that enables radiation source 102 to function as
described herein. In the exemplary, pellet 118 moves from guide tube 114 mio interior space
128. An opening 130 cxtends through sidewall 126 such that radiation from pelict 118 m
interior space 128 is channegled through sidewall 126 and directed towards target 108 and
detector 104. A shutter 132 closes opening 130 to inhibit rays from escaping interior space
128 through opening 130 when shutter 132 1s in a closed posttion.  Accordingly, an operator
uses shutter 132 to sclectively emit rays 110 from radiation source 102 by moving shutter 132
between an open position and the closed position. A collimator 134 surrounds opening 130 to
focus rays 110 on target 108 and detector 104, Ag a result, close proximity container 116

reduces unnecessary and stray emissions of rayvs 110

{6024} In the excmplary embodiment, peliet 118 mmcludes a radicactive isotope 136
sutrounded by a casing 138, Casing 134 reduces radiation cmissions from radicactive isotope
136 to facilitate handling radioactive 1sotope 136. In the dlustrated embodiment, casing 138 1s
tongsten and/or stainless steel. In alternative embodiments, casing 138 is anv material that
cnables pellet 118 to function as described herein. In the exemplary embodiment, radioactive
1sotope 136 is selentwmn 75, which emits gamma rays. In some embodiments, radioactive
isotope 136 has an activity level between about 1 Curie and about 40 Curies. In further
embodiments, radicactive isotope 136 has an activity level between about 1 Curie and about 6
Cunies. In the exemplarv embodiment, radioactive isotope 136 has an activity level of about 1
Curie. Preferably, target 108 is exposed o radiation between about 0 Curie~-minutes and about
10 Cane-minutes. More preferably, target 108 1s exposed to radiation between about 0.5 curte-
minutes and about 5 Curie-minutes. In the excmplary embodiment, target 108 is exposed to
radiation for approximately 5 Curie-minutes. As a result, radiography imaging is performed

with minimal or no shiclding while people work in surrounding areas.



[B825] In alternative embodiments, radicactive isotope 136 is anv material that enables
operation of radiography imaging system 100 as described herein.  In further altemative
embodiments, radiation source 102 emits electromagnetic radiation such that radicgraphy
imaging system 100 acts as an x-ray wmaging device. For example, in some embodiments,
radiation source emits electromagnetic radiation having energies between about 50 kilovolts

(k¥) and about 200 kV.

[3026] In the cxemplary embodiment, detector 104 mcludes a face plane 140, an imaging
plate 142, imaging unit 112, and a housing 144, Housing 144 at least partially encloses face
plane 140, imaging plate 142, and tmaging uvoit 112, In the exemplary embodiment, housing
144 has a rectangular shape and tightly encloses detector 104 to facilitate detector 104 fitting
nto spaces having little clearance space. In alternative embodiments, housing 144 has any
shape that cnables detector 104 1o function as described herein. In further embodiments, at
least some componenis of detector 104, such as electronics 302 (FIGS. 5 and 6), are disposed

outside housing 144 in a flex casing 304 1o facilitate mounting detector 104 1n tight spaces.

13627} In the cxemplary embodiment, imaging plate 142 has a thickness 146 measured
hetween face plane 140 and a swrface 148 of unaging voit 112, Imaging platc 142 ncludes a
phosphor screen 143 for activation by ravs 110 and phosphor screen 143 has a thickness 147.
In aklernative embodiments, imaging plate 142 is anv material that enables detector 104 to
function as described herein. fn the exemplary embodiment, thickness 147 of phosphor screen
143 affects the resolution of an image produced from reading imaging plate 142, Specifically,
decreasing the thickness of phosphor in imaging plate 142 mereases the image resolution of an
image produced from reading imaging plate 142. However, the percentage of ravs 110 that are
not absorbed by wmaging plate 142 incrcases as thickness 147 decreases. The increased
percentage of ravs 110 that are not absorbed by imaging plate 142 increases the radiation n the
areas surrounding radiography tmaging system 100 and, thereby, poses a safety risk to people
in the surrounding arcas. In contrast, increasing thickness 147 mcreases the ability of imaging
plate 142 to absorb a greater portion of rays 110, Therefore, the photon flux level required to
produce an image is reduced as thickness 147 moercases. In some embodiments, phosphor
screen 143 has thickness 147 between about 5 mm and about 15 mm.  In the exemplary
embodiment, phosphor screen 143 has thickness 147 of approximately 9 mm. In alicrnative

embodiments, phosphor screen 143 has any thickness that enables detector 104 to function as



described herein. As a result, due at least in part to thickness 147, radiography imaging svstem

100 uses a lower photon flux level and emits less rays 110 to surrounding areas.

[6628] Inthe iHustrated embodment, detector 104 further includes a fiber optic faceplate 145
that acts as a zero-depth window and transfers an image pixel by pixel, i.e., fiber by fiber, from
tmaging plate 142 to imaging voit 112, As aresult, face plane 140 facilitates controlling photon
flux levels on imaging plate 142 As used herein, the term “photon flux level” refers to the
number of photons that are mncident on an arca. In alternative embodiments, face plane 140 18
omitted. For example, in some embodiments, imaging plate 142 acts as the scintillator and
directly transfers the image to imaging voit 112, In the exemplary embodiment, fiber optic
faceplate 145 facilitates removing and replacing phosphor screen 143 and protects imaging unit

1i2.

6029  In the cxemplary embodiment, imaging unit 112 is coupled to imaging plate 142 such
that imaging wmt 112 generates an image after rays 110 activate imaging plate 142, In
altermative embodiments, detector 104 utilizes direct conversion. In direct conversion, ravs
110 are converted directly to a charge of electrons using a photoconductor without an
mtermediary fight stage. In alternative crobodiments that utilize direct conversion, imaging
umii 112 utilizes the charged electrons from activated imaging plate 142 to produce a

radiography image.

[3038] In the exemplary embodiment, imaging unit 112 produces an image with pixels and
has a predetermined pixel pitch. Pixel pitch 15 a measorement of the pixel density used by
imaging unit 112 to produce the image. Specificaily. pixel piteh is a measure of the size of an
mdividual pixel used by an mmaging unit. Therefore, pixel pitch determines resolution of the
image produced by imagmg unit 112, 1o one embodiment, the pixel pitch of imaging unit 112
i3 between about 25 microns and about 100 microns. In the exemplary embodiment, the pixel
pitch of imaging unit 112 is approximately 50 microns. In alternative embodiments, imaging
unif 112 has any pixel piich that enables operation of radiography mmaging system 100 as

described heremn.

16031} Typically, to produce an image having a resolution close to the resolution capacity of
imaging unit 112, wmaging plate 142 is matched with imaging umt 112, However, in the
exemplary embodiment, imaging plate 142 does not have a resolution that matches the very

fine pixel pitch of imaging unit 112. In the dhistrated embodiment, phosphor screen 143 is a



coarse phosphor screen that corresponds 1o wmaging unit 112 having a pixel pitch between
about 150 mucrons and about 225 microns. In one embodiment, imaging plate 142 corresponds
to imaging unit 112 having a pixel prich of about 200 microns. Therefore, mmagiog unit 112
reads imaging plate 142 and generates an image with a resolution lower than the capacity of
mmaging anit 112, As a result, radiography imaging system 100 uses a lower photon flux level
1o produce a radiography image due to the combination of imaging plate 142 having a coarse

tmage resolution capacity and tmaging unit 112 having a very fine pixel pitch.

[3632] For example, in some embodiments, detector 104 generates an image having a pixel
pitch of between about 25 microns (1 x 107 in) and about 125 microns (5 x 107 in) due to the
combimation of imaging platc 142 and imaging unit 112, In the exemplary embodiment,
imaging unit 112 generates an image having a pixel pitch of about 100 microns (4 x 107 in}.
Preferably, detector 104 generates an image with an arga between about 25 mm x 25 mum {1 in.
x 1 i) and about 102 mm x 102 mun (4 in. x 4 m.}) In the exemplary embodiment, detector
104 generates an image with approximately a 31 mm x 102 om (2 in. x 4 in) arca. In
alternative embodiments, imaging anit 112 generates an image having any pixel pitch, arca,
and spatial resolution that enable radiography imaging system 100 to function as described

herein.

(6833} FIG. 2 is a partial perspective view of radiography mmaging system 100 positicned on
an exemplary pipe assembly, designated generally by the nuwmber 200, In the exemplary
embodiment, radiography imaging system 100 is positioned at least partially on pipe assembly
200 to generate tmages of a pipe 202 of pipe assembly 200, In alternative embodiments,
radiography imaging system is used to generate images of at least one of pipe 202, tubing, and
a weld, In the exemplary embodiment, detector 104 is positioned adjacent pipe 202 and
radiation source 102 1s positioned opposite detector 104 such that rays 110 (shown in FIG. 1)
emitted by radiation source 102 interact with pipe 202 and strike detector 104, Radiation source
102 and detector 104 are securely mounted on pipe assembly 200 and coupled to condroller 106
(shown n FIG. 1) such that an operator operates radiography imaging system 100 from a
distance safely removed from rays 110, Additionally, pipe assembly 200 includes temporary
shiciding 204 positioned to shield the operator from radiation. In altemative embodiments, due
to the low level of radiation emitted by radiography imaging system 100, shiclding 204 is

omitted.



[B834] Refernng back to FIG. 1, m the exemplary embodiment, imaging unit 112 mcludes a
processor 150 to facilitate processing the radiography image. The radiography image is used
to evaluate components of pipe assembly 200, For e¢xample, the operator inspects the
radiography image o evaluaie a weld on pipe assembly 200 by determining features such as
pores in the weld, depth of weld penctration, and the resulting wall thickness. In at least some
embodiments, radiography imaging system 100 images components of pipe assermbly 200
having at least one ot an outer diameter of up to 9.75 in., a wall thickness in the range of about
.065 . to about 0.086 m., and a maxumum welded wall thickness of about 0.125 in. Inone
embodiment, processor 150 facilitates post processing the image to show all the relevant
features in the image at one time. In the exemplary embodiment, processor 150 calculates and
corrects for variables such as background levels in detector 104, pixel-to-pixel variations, and
exposure times. Additionally, i some embodiments, processor 150 averages multiple images
of the same portion of pipe assembly 200 together to correct for signal-to-noise levels and
produce a more accurate cumulative image. In alternative embodiments, processor 150 1s any
processor that enables imaging unit to function as described herem. In further embodiments,

processor 150 incorporates metadata into the images.

[6635] As used heroin, the terms “processor” and “computer” and related terms, ¢.g.,
“processmg device”, “computing device”, and “controller” are not limited to just those
integrated circuits referred to in the art as a computer, but broadly refers to a microcontrolier,
a microcompuier, a programmable logic controlier (PLC), an application specific integrated
circuit, and other programmable circuits, and these terms are used interchangeably herein. In
the embodiments described herein, memory may include, but is not limited to, a computer-
readable medium, such as 3 random access memory {RAM), and a computer-readable non-
volatile medium, such as flash memory. Alternatively, a floppy disk, a compact disc — read
only memory (CD-ROM), a magneto-optical disk (MOD), and/or a digital versanle disc (DVD)
may also be used. Also, in the embodiments described herein, additional input channels may
be, but are not limited to, computer peripherals associated with an operator interface such as &
mouse and a kevboard. Alternatively, other computer peripherals may also be used that may
include, for example, but not be limited to, a scanner. Furthermore, in the exemplary
embodiment, additional output channels may include, but not be hmited to, an operator

interface monitor.
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[3036] FIG. 3 1s a schematic view of a pipe assembly manufactunng facility 300 for
assembling a plurality of pipe assemblies 200, Pipe assembly manufacturing facility 300
includes a plurality of asserably arcas 302 for assembling pipe assemblics 200 and at least one
mspection area 304 for inspecting pipe assemblies 200 using radiography imaging system 100.
For example, pipe assemblics 200 are positioned i assembly arcas 302 during assembly and
pipe assembly 200 is positioned i inspection area 304 during inspection. Assembly arcas 302
are converted to mspection arcas 304 when pipe assemblies 200 are ready for inspection and
inspection argas 304 are converied to assembly arcas afier mspection of pipe assembly 200, In
the exemplary embodiment, assembly areas 302 are contiguous with mspection area 304, The
lower cnergies and fower photon flux levels utilized in radiography imaging system 100
reduces the exclusion zone around pipe assembly 200 during testing. Therefore, pipe assembly
200 18 not removed to a remote site for inspection. Additionally, pipe assembly manufacturing
facility 300, mchiding assembly areas 302 and inspection area 304, is not evacuated during
testing. Therefore, work in assembly areas 302 continucs while pipe assembly 200 is inspected
using radiography mmaging svstem 100, In some embodiments, at least some personnel are
excluded from pipe assembly manufacturing facility 300 during testing. For example, in some
embodiments, nongssential personnel are excluded from pipe assembly manufacturing facility

300 for about 1 hour to about 2 hours during imaging,

{6837} In the iHustrated embodiment, inspection area 304 further includes shiclding 306 and
barricades 308. Shiclding 306 is a dense material that inhibits ravs 110 passing through
shiclding 306, Shiclding 306 is positioned around pipe assembly 200 in any manner that
inhibits rays 110 from passing to portions of inspection arca 304 and surrounding assembly
areas 302, In alternative embodiments, shielding 306 is omitted due to the low energics and
photon flux levels used by radiography imaging system 100, In the exemplary embodiment,
barricades 308 obstruct entry nto nspection arca 304 and warn personnel that pipe assembly
200 1s undergoing radiography imaging. Accordingly, barricades 308 arc any barriers that
obstruct a pathway and provide warning. For example, 1n some embodiments, barricades 308

are, without limitation, signs, cones, barriers, ropes, lights, and tape.

10638] In altermative embodiments, pipe assembly 200 is inspected on-site in the mstallation
location of pipe assembly 200, such as an off shore location prior to submersion of pipe

assembly 200, Radiography imaging system 100 facihitates inspecting pipe assembly 200 on-
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site because of the low encrgies of rays 110 and the compact size of radiography imaging
system 100. During mspection on-site, work continues in arcas surrounding inspection area

304 with hittle to no interruption,

[0839] FIG. 4 15 a section view of an alternate radiation source 400 for use in radiography
tmaging system 100, Radiation source 400 includes a container 402, a guide tube 404, and a
collimator head 406, Container 402 includes a container sidewall 408 defining an mterior space
4310, Smmilarly, guide tube 404 includes a guide tube sidewall 412 defining an interior space
414, Container sidewall 408 and guide tobe sidewall 412 imclude shielding to inhibit ravs 110
passing through container sidewall 408 and guide tube sidewall 412, In the exemplary
embodiment, both contamer 402 and guide tube 404 have substantially cvlindrical shapes. In
alternative embodiments, container 402 and guide tube 404 have any shape that enables
radiation source 102 to function as described herein. In some embodiments, guide tube 404
has a diameter in the range between about 13 mum (0.5 in.) and about 127 mam (5 in) and &
length in the range between about 127 mm (3 in.) and about 381 mm (15 ). In the exemplary
embodiment, goide tube 404 has a diameter of approximately 1 in. (25 mm) and a length of
approximately 10 in. (234 mmy). o altemative embodiments, guide tube 404 is any size that
enables radiation source 102 to function as described herein. The size and shape of guide tube
404 and radiation source 400 facilitates positioning radiation source 400 m locations having

tight clearances.

[B848] In the exemplary embodiment, container 402 and guide tube 404 are coupled together
such that pellet 118 moves between mnterior space 410 and imterior space 414, A shutter 416
separates interior space 410 and interior space 414 and is selectively positionable between a
closed position where movement of peliet 118 between interior space 410 and interior space
414 1s obstructed and an open position where movement of pellet 118 between tenor space
410 and interior space 414 1s allowed. In the exemplary embodiment, collimator head 40615 a
collimator baving a substantially parabolic shape to focus rays 110 on target 108 and detector

104,

10641} FIG. S is a perspective view of a casing 300 for detector 104 for use in radicgraphy
mmaging system 100, FIG. 6 is a perspective view of casing 500 in a flexed position. Detector
104 13 enclosed 1n flex casing 500 to facilitate detector 104 mounting on locations where rigid

components have a hard time fitting, such as on bends in pipes. In the exemplary embodiment,



flex casing 500 separately encloses components of detector 104, such as electronics 302, to
reduce the profile of detector 104, In alternate embodiments, any components of detector 104
have any cnclosures that enable detector 104 fo function as descnbed herein. In the exeraplary
embodiment, flex casing 500 comprises a detector enclosure 504, an electronics enclosure 306,
and a coupling 508 extending between detector enclosure 504 and clectromcs enclosare 506,
In the exemplary embodiment, coupling 508 is a plurality of flexible bands that enclose wires
extending from detector enclosure 504 to electronics enclosure 506, In alternate embodiments,
coupling 508 is any couplmg mechanism that enables detector 104 to function as described
herein. Each of detector enclosure 504 and electronics enclosure 506 have respective lengths
510, 512, and widths 514, 516, In some embodiments, lengths 510, 512 are in the range
between about 25 mm {1 in.) and about 610 mum (24 1n.) and widths 514, 516 arc in the range
between about 23 mm (1 m.) and about 610 mm (24 m.). In the exemplary embodiment, width
514 is approximately 30 mm (2 in.} and lengths 510 is approximately 30 mm (2 ). In the
cxemplary embodiment, width 516 is approximately 15 mun (1 in} and length 517 is
approximately 60 mm (4 in.). In some embodiments, width 514 1s equal to width 516 and/or
length 510 1s equal to length 512, In altemate embodiments, detector enclosure 504 and
clectronics enclosure 506 have any lengths and widths that enable detector 104 to function as

described herein.

{6042} Refomng to FIGS. 1-3, a method of inspecting pipe assembly 200 using radiography
tmaging svstem 100 includes positioning pipe asscmbly 200 in ijnspection area 304, In
alternative embodiments shielding 306 1s positioned around pipe assernbly 200, In further
altermative embodiments, barricades 308 are positioned around inspection area 304 to separate
inspection area 304 from surrounding assembly arcas 302, Radiography imaging system 100
1s mounted on pipe assembly 200 such that a portion of pipe assembly 200 1s positioned
between radiation source 102 and detector 104, Pellet 118 is directed through guide tube 114
from inlet end 120 to outlet end 122 and into interior space 128 of close proximity container
116. Shutter 132 is moved to the open position such that rays 110 are emitied from radiation
source 102 and travel towards target 108 and detector 104, Rays 110 miteract with target 108
and strike detector 104, The portion of pipe assembly 200 that i1s imaged 1s exposed 1o between
about 0.5 cunig-minute and about 5 Curnie-minutes of radiation. Detector 104 is activated by
rays }10 and mmaging unit 112 generates an image based on information from tmaging plate

142, In some embodiments, the method is repeated to generate a composite radiography image
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of a section of pipe assembly 200, In the exemplary embodiment, the radiography image 1s
inspected to determine characteristics of target 108, For example, in some embodiments, target
108 1s a portion of pipe assembly 200 having a weld and the image is tnspected to determine
characteristics of the weld.  In some embodiments, radiography imaging svstem 100 is
repositioned and at least some of the above described steps are repeated to inspect different

portions of pipe assembly 200,

[B843] The above-described radiography imaging svstemn overcomes at least some
disadvantages of known radiography imaging svstems by providing a8 radiography imaging
system that emits a low level of radiation and has a high sensitivity imaging plate. As aresult,
a pipe assembly is inspected using the radiography imaging system without relocation 1o a
remote site and withowt evacuating the arcas surrounding the pipe assembly during the
radiography imaging. In some embodiments, the radiography imaging system inchudes
additional shiclding to inhibit exposing personnel near the pipe assembly to radiation during
radiography imaging. Moreover, the above-described radiography imaging system 1s sized and

configared to position on portions of the pipe assembly having little clearance space.

[0644] An cxemplary technical effect of the methods, svstems, and apparatus described
herein includes at least one of: (a} decreasing the size of components such that the radiography
tmaging system fits portions of the pipe assembly having little clearance; (b} increasing
durability of the radiography imaging svstem; (¢} lowering the levels of radiation used for
radiography imaging; {d) imaging a pipe assembly without relocating the pipe assembly to a
remote site; (¢} reducing the safety risk to personnel in areas surrounding the radicgraphy
inspection area; {f) decreasing the time required to generate and process an image of g pipe
assembly; (g) increasing image quality of radiography imaging systems; and (h) processing an

tmage of the pipe assembly to indicate relevant features of the pipe assembly,

[6845] Exemplary embodiments of apparatus and methods for operating a radiography
mmaging svstem are described above in detail. The methods and apparatus are not limited to
the specific embodiments described herein, but rather, components of systems and/or steps of
the methods may be utilized independently and separately from other components and/or steps
described herein.  For example, the methods, systems, and apparatus may alse be used n
combination with other radiography systems, and the associated methods, and are not limited

to practice with only the systems and methods as described herein.  Rather, the exemplary
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embodiment can be implemented and utilized 1 connection with many other applications,

equipment, and systems that may benefit from improved radiography.

[6646] Although specific features of various embodiments of the disclosure may be shown
i some drawings and not in others, this is for convenience only. Moreover, references to “one
embodiment” in the above description are not intended to be mterpreted as excluding the
existence of additional embodiments that also mcorporate the recited features. In accordance
with the principles of the disclosure, any feature of a drawing may be referenced and/or claime

in combmation with any feature of any other drawing.

16047} Some embodiments mvolve the use of one or more clectronic or computing devices.
Such devices typically include a processor, processing device, or controller, sach as a general
purpose central processing unit {CPU}, a graphics processing unit {GPU), a microcontroller,
reduced instruction set computer (RISC) processor, an application specific integrated circutt
{ASIC), a programmable logic circuit (PLO), a field programmable gate array (FPGA), a digital
signal processing (DSP) device, and/or any other circuit or processing device capable of
executing the functions described herein. The methods described herein may be encoded as
cxecutable instructions ombodied in a computer readable medium, including, without
himitation, a storage device and/or a memory device. Such instructions, when execuied by a
processing device, cause the processing device to perform at least a portion of the methods
described herein. The above examples are exemplary only, and thus arc not mtended to lunit

in any way the definition and/or meaning of the term processor and processing device.

10648] This waiten description uses examples to disclose the embodiments, including the
hest mode, and also to cnable any person skilled in the art fo practice the embodiments,
imcluding making and using any devices or systerns and performing any incorporated methods.
The patentable scope of the disclosure 1s defimed by the claims, and may include other examples
that oceur to those skilled 1o the art. Such other examples are intended to be within the scope
ot the claims if they have structural elements that do not differ from the literal language of the
claims, or if they inchide equivalent stractaral elements with insubstantial differences from the

literal language of the claims.



WHAT IS CLAIMED IS:

1. A radiography imaging system for generating images of a pipe assembly, the
pipe assembly including at least one of a pipe, tubing, and a weld, said radiography imaging

system comprising:

a radiation source for emitting rays, said radiation source comprising a radioactive
isotope having an activity level between 1 Curie and 40 Curies, said radiation source
positioned adjacent a portion of the pipe assembly; and

a detector positioned opposite said radiation source, the portion of the pipe assembly
positioned between said radiation source and said detector such that the rays interact with the

portion of the pipe assembly and strike said detector, said detector comprising:

an imaging plate that is activated by illumination with the rays with an
exposure between 0.5 Curie-minute and 5 Curie-minutes of radiation, said imaging

plate having a thickness between 5 millimeters (mm) and 15 mm; and

an imaging unit for generating images based on information from said imaging
plate, said imaging unit having a pixel pitch that is between 25 microns and 100

microns.

2. The radiography imaging system in accordance with Claim 1, further

comprising a processor coupled to said detector to facilitate processing the images.

3. The radiography imaging system in accordance with Claim 1, wherein said

rays have an activity level between 100 kiloelectron-volts (keV) and 500 keV.

4. The radiography imaging system in accordance with Claim 3, wherein said

imaging unit has a pixel pitch of approximately 50 microns.

5. The radiography imaging system in accordance with Claim 4, wherein said

imaging unit generates an image having an area of 50.8mm x 101.6mm (2 inches (in.) x 4 in).
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6. The radiography imaging system in accordance with Claim 4, wherein said

radioactive isotope has an activity level of 1 Curie.

7. The radiography imaging system in accordance with Claim 6, wherein said
radiation source further comprises a close proximity container, said close proximity container
comprising a sidewall and a shutter, said sidewall defining an opening therethrough and an
interior space, said radioactive isotope positioned in said interior space, said shutter
configured to be retractable about the opening between a closed position where rays are
inhibited from moving through said opening and an open position where rays are directed

through said opening towards said pipe portion and said detector.

8. The radiography imaging system in accordance with Claim 7, wherein the
radiation source further comprises a guide tube coupled to said close proximity container,

said guide tube having a length of 152 mm.

9. The radiography imaging system in accordance with Claim 1, wherein said
detector further comprises an electronics component and a flex casing, said flex casing
comprising a detector enclosure, an electronics enclosure, and a coupling extending between

said detector enclosure and said electronics enclosure.

10. A pipe assembly manufacturing facility for assembling a plurality of pipe

assemblies, said pipe assembly manufacturing facility comprising:
at least one assembly area for assembling the plurality of pipe assemblies;

a radiography imaging system for generating images of the plurality of pipe
assemblies, said radiography imaging system comprising:

a radiation source for emitting rays, said radiation source positioned adjacent

at least one pipe assembly of the plurality of pipe assemblies, said radiation source

comprising a radioactive isotope having an activity level between 1 Curie and 40

Curies;

a detector positioned opposite said radiation source, a portion of the at least
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one pipe assembly of the plurality of pipe assemblies positioned between said
radiation source and said detector such that the rays interact with the portion of the at

least one pipe assembly and strike said detector, said detector comprising:

an imaging plate that is activated by illumination with the rays with an
exposure between 0.5 curie-minute and 5 Curie-minutes of radiation, said

imaging plate having a thickness between 5 millimeters (mm) and 15 mm; and

an imaging unit for generating images based on information from said
imaging plate, said imaging unit having a pixel pitch that is between 25

microns and 100 microns; and

at least one inspection area for inspecting the at least one pipe assembly of the
plurality of pipe assemblies using said radiography imaging system, said at least one
inspection area contiguous with said at least one assembly area, wherein the at least one pipe
assembly remains in said at least one inspection area during operation of said radiography

imaging system.

11.  The pipe assembly manufacturing facility in accordance with Claim 10,further
comprising barricades positioned around the at least one inspection area to separate the at
least one inspection area from the at least one assembly area and inhibit personnel in the at

least one assembly area from entering the at least one inspection area.

12. A method of imaging a pipe assembly using a radiography imaging system,
the radiography imaging system including a radiation source and a detector, the radiation

source including a radioactive isotope, said method comprising:

mounting the radiography imaging system on the pipe assembly such that a portion of

the pipe assembly is positioned between the radiation source and the detector;

emitting rays from the radiation source such that the rays interact with the pipe
assembly and strike the detector, the radioactive isotope having an activity level between 1
Curie and 40 Curies;

illuminating the pipe assembly with the rays with an exposure between 0.5 Curie-

minute and 5 Curie-minutes of radiation;
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activating an imaging plate of the detector with the rays; and

generating an image of the pipe assembly.

13.  The method in accordance with Claim 12, wherein emitting rays comprises
emitting gamma rays from the radioactive isotope, the gamma rays having an activity level
between 100 kiloelectron-volts (keV) and 500 keV.

14.  The method in accordance with Claim 12, wherein generating an image

comprises generating an image having an area of 50.8mm x 101.6mm (2 inches (in.) x 4 in).

15.  The method in accordance with Claim 14, wherein generating an image of the
pipe assembly comprises generating an image of the pipe assembly using an imaging unit

having a pixel pitch that is approximately 50 microns.

16.  The method in accordance with Claim 15, wherein activating the imaging
plate comprises activating the imaging plate having a thickness between 5 millimeters (mm)

and 15 mm.

17.  The method in accordance with Claim 12 further comprising inspecting the
image to determine characteristics of at least one of a pipe, tubing, and weld on the pipe

assembly.

18.  The method in accordance with Claim 12 further comprising maintaining the
activity level of the radiation source at 1 Curie.

19. The method in accordance with Claim 18, wherein the radiation source
includes a close proximity container including a wall, a pellet, and a shutter, the wall defining
an opening therethrough and an interior space, the pellet positioned in the interior space, the

shutter configured to be retractable about the opening between a closed position closing the
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opening and an open position, the method further comprising retracting the shutter to direct

rays towards the detector.

20.  The method in accordance with Claim 19 further comprising directing the

pellet through a guide tube and into the interior space of the close proximity container.
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