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PIPELINE DESIGN AND LAYOUT SYSTEM AND METHOD THEREFOR

RELATED AND CO-PENDING APPLICATIONS
[001] This application claims priority to co-pending U.S. provisional
application entitled “Pipeline Layout System”, Serial Number 62/137,936 filed 25 March

2015.

BACKGROUND

[602] Prior art systems and methods for designing and laying out a
pipeline require the qreation of tedious two-dimensional hand-drawn plan diagfams using
fnanual surveys of the terrain with or without the assistance of satellite positioning
systems, such as‘ the Global Positioning System (“GPS”). These methods are
cumbersome, slow, and result in inaccuracies that raise the cost of designing and
physically laying out a pipeline due to the fact that the plans could not effectively be used
to accurately determine the amount of pipe needed or correctly identify the location and
size of pipe bends required.

[003] Some prior art systems and methodologies took the approach of
marrying together a hand-drawn plan view 2D pipeline path with a corresponding hand-
drawn proﬁlé view 2D pipeline path to determine the overall pipeline path in 3D. This
technique typically results in a complex 3D pipeline path which often contains curves
which were non-planar. Non-planar curves require pipe bends where the pipe curves

radially in both the plan view and the profile view thereby defining a complex twisting
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curve in 3D. These types of curves cannot be manufactured using conventional pipe
bending machines.

[004] Furthermore, the inaccuracies and delays inherent in determining a
pipeline design and layout using the prior art methods result in increased time and cost
for a particular pipeline job due to one or more of ordering too much or too little raw
pipe, requiring expensive exotic pipe bends that typically cannot be done in the field, an
inability to minimize the number of bends, generating incorrect bending instructions from
the design drawings, digging ditches that are too shallow or off-course, etc.

[005] Accordingly, there is a need for a faster, more efficient, reliable, and
more accurate pipeline design and layout system rather than relying on rules of thumb,
guesswork, and/or general experience. Additionally, there is a need for a system,
method, and software embodied on a non-transitory machine-readable medium that can
receive GPS input information from a construction site, design the layout and pipeline
fabrication details from the GPS input information, and then provide GPS and pipeline
construction output information to be used in the field to construct the pipeline so that the

installation and the fabrication of the pipe matches the ditch line to be excavated.

BRIEF DESCRIPTION OF THE DRAWINGS
[006] Figure 1 is a flow chart for a method for designing a pipeline layout
according to an embodiment of the present subject matter.
[007] Figure 2 is an exemplary input screen for inputting initial design
criteria according to an embodiment of the present subject matter.

2
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[008] Figure 3 illustrates simplified sample plan and profile views
generated from an exemplary pipeline layout according to an embodiment of the present
subject matter.

[009] Figure 4 is an exemplary input screen for Point of Intersection (“PI”)
information according to an embodiment of the present subject matter.

[010] Figure 5 is an illustration of a portion of an exemplary modified
pipeline layout according to an embodiment of the present subject matter.

[011] Figure 6A is an exemplary input screen for a pipe section layout
according to an embodiment of the present subject matter.

[012] Figures 6B-6D represent the exemplary input screen of Figure 6A at
various points in the process according to an embodiment of the present subject matter.

[013] Figure 7 is a portion of an exemplary output text file for pipe
fabrication information according to an embodiment of the present subject matter.

[014] Figure 8 is a flow chart for another method for designing a pipeline
layout according to an embodiment of the present subject matter.

[015] Figure 9 is a functional block diagram for an exemplary system for

designing a pipeline layout according to an embodiment of the present subject matter.

DETAILED DESCRIPTION
[016] The following description of the present subject matter is provided
as an enabling teaching of the present subject matter and its best, currently-known

~embodiment, Those skilled in the art will recognize that many changes can be made to
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the embodiments described herein while still obtaining the beneficial results of the
present subject matter. It will also be apparent that for some embodiments, some of the
desired benefits of the present subject matter can be obtained by selecting some of the
features of the present subject matter without utilizing other features. Accordingly, those
skilled in the art will recognize that many modifications and adaptations of the present
subject matter are possible and may even be desirable in certain circumstances and are
part of the present subject matter. Thus, the following description is provided as
illustrative of the principles of the present subject matter and not in limitation thereof and
may include modification thereto and permutations thereof. While the following
exemplary discussion of embodiments of the present subject matter may be directed
towards or reference specific pipeline designs and/or layouts, it is to be understood that
the discussion is not intended to limit the scope of the present subject matter in any way
and that the principles presented are equally applicable to other pipeline designs and/or
layouts following the teachings herein.

[017] Those skilled in the art will further appreciate that many
modifications to the exemplary embodiments described herein are possible without
departing from the spirit and scope of the present subject matter. Thus, the description is
not intended and should not be construed to be limited to the examples given but should
be granted the full breadth of protection afforded by the appended claims and equivalents
thereto.

[018] With reference to the figures where like elements have been given

like numerical designations to facilitate an understanding of the present subject matter,
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various embodiments of a system and method for pipeline design and layout are
described.

[019] Embodiments of the present subject matter enable a user to design a
pipeline in a short amount of time, to exact dimensions, meeting specific criteria, and to
produce an outcome where the pipeline to be constructed matches the ditch line to be
excavated. These embodiments allow a user to design and/or construct the pipeline and
ditch line in any order they deem necessary with the confidence that the results of the two
processes will match. Additionally, the user and/or system may develop and manipulate
the pipeline design in real time and automatically determine the exact requirements as to
how the raw materials are to be fabricated or inserted during construction. Prior art
systems and methods do not allow for such fast, reliable connection between current field
conditions, the pipeline design requirements, and installation processes together while at
the same time maintaining extreme accuracy and flexibility.

[020] The present subject matter includes a pipeline layout system which
enables the design of pipelines using a plan view (to specify the route of the pipeline as
seen from above) and a profile view (to specify the depth of the pipeline beneath the
surface of the prevailing undulating terrain). The profile view is a specialized “vertically
unfolded” sectional view of the terrain that lies directly beneath the plan view route of the
pipeline. Certain benefits can be realized by the use of embodiments of the present
subject matter described herein. One exemplary benefit incorporates facilitating the
design of a pipeline that includes only straight and radially curving pipe. Any other

shape of curved pipe (e.g., elliptical, twisted, spiral, and generally any type of curve that
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does not occur in a single plane) is avoided as those shapes cannot be manufactured using
conventional bending machines in the field. Another exemplary benefit is a pipeline
designed with the least number of bends while at the same time ensuring a minimum
level of ground cover is maintained above the pipeline. Still another exemplary benefit is
an accurate determination of the best usage of available “raw material” straight pipe
sections to manufacture the pipeline as pipelines are constructed from individual straight
lengths of pipe that are bent to the required shape and welded together in the field. A
further exemplary benefit allows for the automatic generation of accurate bending
instructions for each pipe section to facilitate accurate, right-first time manufacture of
curved pipe section in the field. A still further exemplary benefit is the facilitation of
accurate digging of a pipeline ditch using GPS-guided excavators to ensure that the
manufactufed pipeline fits the ditch right-first-time. This exemplary benefit is achieved
by automatically generating a 3D model of the bottom of the ditch that the pipeline will
sit in and data of the 3D model of the bottom of the ditch profile may then be used to
generate guidance instructions for GPS-guided excavators.

[021] A “correctly shaped” pipeline, according to embodiments of the
present disclosure, is one that comprises a series of radial (planar) curves, each
interconnected by a straight length. The straight lengths are tangential to the curves that
they connect to. It follows that each curve has a straight length leading to and from it.
The lines of tangency of the straight lengths (i.e., the 3D vectors of the two straight
lengths of pipe) always meet at a 3D point in space which is hereinafter referred to as a

Point of Intersection (“PI"). The Pl is also (always) the tangent point of the curve.
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[022] As described by embodiments herein, a design by PI technique is
used to design and layout pipelines. The design by PI technique allows the user to
specify the pipeline by placing symbols that represent the Pls of a pipeline on the plan
and profile views for the pipeline. In certain embodiments, the 3D coordinates of the Pls
are deduced from the placement of these symbols where the PI symbol in the plan view
defines a Northing (“Y”) and an Easting (“X”) coordinate (i.e., distances north and east,
respectively, from a benchmark position), and the PI symbol in the profile view defines
an Elevation (“Z”) coordinate (i.e., elevation distance from the benchmark position). In
embodiments, properties may also be assigned to one or more of the PIs to further
describe the shape of the pipeline. As a non-limiting example, the radius of the curve
(synonymous with curvature) at a given PI may be assigned to be a property of that PI.
Another non-limiting example of a property of a PI is the type of bend, which may be
either a “Tube Turn” (i.e., a pre-fabricated tight bend), or “Bent” (i.e., manufactured by
bending on site). Other properties of Pls are discussed below. Those of skill in the art
will readily understand that other properties of a PI are contemplated herein.

[023] In an exemplary methodology according to an embodiment, a user
may manipulate the placement of the PIs for a pipeline which will cause an embodiment
of the disclosed system to automatically compute the shape of the implied pipeline (e.g.,
in X, Y, and Z coordinates). The system may additionally draw the pipeline in plan and
profile views to enable the user to see the implied pipeline path. If the user wishes to
change the path of the implied pipeline, the user may simply add, move, or delete one or

more PIs and/or alter the properties of one or more PIs rather than drawing/editing the
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actual path of the pipeline. Thus, the design by PI technique will quickly specify the 3D
shape of the pipeline ensuring that the pipeline is always comprised of straight and
radially (planar) curved pipe.

[024] In certain embodiments of the disclosed system, the system will
automatically check certain design criteria against a set 0f predetermined rules to ensure
that the input received from a user results in a pipeline design and layout that conforms to
the predetermined rules. The system may check that these rules are observed at one or
more points in the design process.

[025] One of the rules for a pipeline design and layout is that the pipeline
be comprised of only straight and radially (planar) curved pipe. Other design rules
include, but are not limited to:

[026] Maximum Curvature

[027] The curvature of a bend is expressed as the number of degrees the
that bend curves through (radially) per foot of curved pipe (measured along its center
line). Curvature is directly proportional to the center radius of the bend (i.e., the radius at

its center line). The relationship between curvature and center radius is given by:

[028] Curvature: 180.0 / (1 x Center Radius)

[029] where Center Radius is in units of feet, and Curvature is in units of
degrees per ft.

[030] It follows from the above that the greater the curvature, the smaller

the radius of the bend, and the smaller the curvature, the greater the radius of the bend.
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[031] For a given pipe diameter and pipe material there is a given
maximum curvature that the pipe can be bent through. If the pipe is bent more tightly
then damage will result. For this reason the system ensures bends do not exceed the
maximum permitted curvature. This rule defines the maximum permitted curvature for
cach bent bend (it is not applicable to tube turns as they are pre-fabricated and subject to
different rules).

[032] Minimum Straight to Pipe Ends

[033] Each bent pipe section must (regardless of the number of bends it
contains) have a straight length of pipe at each end of the pipe section. This rule defines
the minimum length of straight pipe permitted at each end of the pipe section.

[034] Minimum Straight Between Bends

[035] When a pipe section contains more than one bend, there must be a
straight length of pipe between each bend (for example, to ensure that a Pipeline
Inspection Gauge (“PIG”) can pass through the pipe). This rule defines the minimum
length of straight pipe permitted between each consecutive pair of bends on the pipe
section.

[036] Minimum Straight Pipe Length

[037] When a pipe section is completely straight (i.e., when it contains no
bends), it must not be shorter than the minimum permitted length. This rule defines the
minimum permitted length of straight pipe sections.

[038] Minimum Tube Turn Inner Arc Length
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[039] When a pipeline contains tube turns (i.e., tightly turning pre-
fabricated bought-in bends), the inner arc length of each tube turn must not be shorter
than the minimum permitted inner arc length. This rule defines the minimum permitted
inner arc length, expressed as a multiple of the pipe radius. For example, if the pipe
diameter is 127, then the pipe radius is 6”. If the minimum permitted inner arc length is
1.5 then the minimum inner arc length in inches would be 6” x 1.5 =9,

[040] Those of skill in the art will readily understand that the above list of
rules is exemplary and not exhaustive.

[041] With attention drawn to Figure 1, a method 100 for use of a system
and/or software for designing a pipeline according to an exemplary, non-limiting
embodiment is shown. At block 102 pipeline survey information of the field conditions
for the pipeline is provided from which an initial layout is determined. At block 104, a
digital terrain model is determined from the pipeline survey information. At block 106,
pipeline design criteria is input. At block 108 a first pipeline layout is determined from
the initial pipeline design criteria. At block 110, the system produces a plan and profile
view of the proposed pipeline, ground surface, minimum cover levels, ditch widths,
pipeline corridor, PI’s, top, bottom, and centerline of pipe, etc. based on the pipeline
layout from block 108. At block 112 the user selects and modifies one or more PIs in the
initially designed pipeline. At block 114 a modified pipeline layout is determined based
on the modified PI(s) from block 112. At block 116 pipe length data is input. At block
118 the cut pipe length based on the modified design is calculated. At block 120 a parts

list is determined for the designed pipe route. At block 122 the modified pipeline layout
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is displayed. At block 124 fabrication information for the pipes for the designed pipe
route is determined. At block 126 ditch profile information for the profile of the ditch in
which the designed pipeline layout will be placed is exported from the system. These
steps will be discussed in further detail below.

[042] In an embodiment, the above-described method may further include
determining either: a condition where a length of pipe at a point of intersection that is
located at an end of the modified pipeline layout is less than a predetermined value; or for
the modified pipeline layout which contains no points of intersection, a condition where a
length of pipe is less than a predetermined value. In another embodiment, the above-
described method may further include determining a condition where a length of pipe
between adjacent points of intersection is less than a predetermined value. In yet another
embodiment, the above-described method may further include determining a condition
where an inner arc of a tube turn is less than a threshold value.

[043] Again considering Figure 1, a method 100 for use of a system and/or
software for designing a pipeline according to an exemplary, non-limiting embodiment is
shown. At block 102 pipeline survey information of the field conditions for the pipeline
is provided from which an initial layout is determined. The pipeline survey information
of the field conditions may include GPS information for the path the proposed pipeline
will follow. At block 104, a digital terrain model is determined from the pipeline survey
information. At block 106, pipeline design criteria is input. The initial pipeline design
criteria includes, but is not limited to, pipe deflection angles, pipe bend angles, drawing

setup information, pipeline layout, rule settings, and pipeline calculations, as described
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above. Pipeline turns are identified as Pls. An exemplary input screen 200 is shown in
Figure 2 for inputting initial design criteria.

[044] As shown in Figure 2, section 201 indicates the Corridor file that is
being designed and allows for a user to search various Corridor files. Section 203 allows
for user input for initial pipeline design criteria, such as pipe diameter, maximum
curvature, minimum cover levels (i.e., distance the top of the pipeline is below ground
level), initial PI depth, pipeline offsets from the bottom, left side, and right side of the
ditch, minimum straight distance of pipe at an end of a pipe section, minimum straight
distance of a pipe between bends, minimum distance of a straight pipe length, minimum
tube turn inner arc length, and guide line offsets, as can be seen in Figure 2. Section 205
allows for user input for drawing parameters for the system-produced drawings, such as
left, right, top, and bottom drawing margins and minimum view spacing, as listed in
Figure 2. Section 207 allows for input for grid setting for the system-produced drawings,
such as elevation and station line spacing and elevation and station label frequency, as
shown in Figure 2. Figure 2 also includes section 209 which allows a user to toggle a
centerline on and off, and section 211 which contains file control buttons, as is known in
the art.

[045] Returning attention to Figure 1, at block 108 a first pipeline layout is
determined from the initial pipeline design criteria in Figure 2. The system generates a
pipeline path where the pipes are represented by straight lines from one PI to the next so
as to minimize the amount of turns/bending required. At block 110, the system produces

a plan and profile view of the proposed pipeline, ground surface, minimum cover levels,
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ditch widths, ditch side lines, pipeline corridor, pipeline side lines, PI’s, top, bottom, and
centerline of pipe, etc. based on the pipeline layout from block 108. Figure 3 illustrates a
simplified sample plan 310 and profile 320 views generated from the pipeline layout,
each showing PIs labeled 303a through 303g. In plan view 310, lines 311a and 311b
represent the pipes in the initially designed pipeline while line 312 represents the
centerline of each pipe in the initially designed pipeline. Lines 313a and 313b represent
the sides of a ditch in which the initially designed pipeline will be laid. In profile view
320, line 324 represents the ground surface above the initially designed pipeline. Note
that the pipe is straight between each adjacent set of PIs including the section between PI
303c¢ and PI 303d where the pipe runs above the ground surface in the initial design. This
anomaly will be rectified later in the procedure. The grid that appears in profile view 320
incorporates the grid settings in section 205 of Figure 2.

[046] At block 112 of Figure 1, in an embodiment, the user selects and
modifies one or more Pls in the initially designed pipeline. Alternatively, the user may
enter one or more new PIs that do not currently exist in the initially designed pipeline or
remove one or more existing PIs from the initially designed pipeline. In an embodiment,
modifying the initially designed pipeline may include at least one of adding a new point
of intersection, removing one of the plurality of points of intersection, moving one of the
plurality of points of intersection, changing a deflection angle, changing a curvature of a
bend, and designating a bend as a factory bend or a field bend.

[047] At block 114, a modified pipeline layout is determined based on the

modified PI(s) from block 112. In an embodiment, the modified design information may
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include at least one of a non-planar curved pipe and a maximum curvature of a pipe that
is greater than a predetermined threshold value. In an embodiment, a tool may display
the modified pipeline layout as well as design information to allow for the easy
manipulation of the pipeline and/or pipeline components in order to maximize the
efficiency of the pipeline installation and minimize the amount of turns or bends required.
The pipeline may be designed in real time so that impacts of changes made can be seen
and evaluated in relation to the design requirements set for the particular project for
which the pipeline is being designed. Turns and bends in the pipeline can also be
specified as bent pipes or factory bends and deflection data can be input in various forms
into the tool to create the exact deflection required.

[048] An exemplary input screen 400 is shown in Figure 4 where the PI
number is shown in section 401, location information for the PI is shown in section 403
including northing, easting, elevation distances as well as a bearing and slope from the
previous PI. In section 405 deflection angles for the PI are shown including total
deflection angle, horizontal deflection angle with left, right, and none radio buttons, and
vertical deflection angle with over, sag, and none radio buttons. Section 407 includes
bend information for the PI with radio buttons indicating the type of bend (none, bent, or
tube-turn), and information about the bend, e.g., curvature, radius, minimum straight
portion from section start, and minimum straight portion from section end. Section 409
contains file control buttons, as is known in the art.

[049] In an embodiment, a portion of the modified pipeline layout is

shown in Figure 5. Figure 5 additionally includes line 524 which represents a minimum
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cover level distance for the pipeline from ground level 324. The minimum cover level
distance may be input as required by the type of pipeline (including one or both of the
material of the pipeline and the type of fluid that will travel through the pipeline), the
type of soil, etc. Figure 5 represents a portion of profile view 320 in Figure 3 and shows
modifications to the pipeline layout of Figure 3, where PIs 303c and 303d are the same in
both figures. New PIs 503¢ and 503d have been added so as to reroute the exposed
portion of the pipeline between 303¢ and 303d in Figure 3. Figure 5 also shows pipes P7,
P8, and P9, which will be discussed below.

[050] Returning to Figure 1, at block 116 pipe length data is input. In an
embodiment, inputting a predetermined length of uncut pipe may include automatically
generating an error message if the predetermined length of uncut pipe is less than a
minimum pipe length based on, for example, the modified pipeline design layout
discussed above. In another exemplary embodiment, pipe length information is entered
into a “Pipe Sections” tool as shown in Figure 6A by exemplary input screen 600A.
Section 601 lists raw material (e.g., pipe) attributes for various pipes in section 602 such
as uncut length, a name (or number) for a particular pipe, a cut length, and the amount of
pipe to be cut off as required for a particular pipeline design (e.g., such as the modified
pipeline layout discussed above). Section 603 allows for user input for a specific one of
the pipes listed/highlighted in section 602. Section 604 provides a part list for the
designed pipeline layout based on the raw material in section 601. In section 604,
attributes of items on the parts list include the name (or number) for a particular pipe (the

same as the corresponding name in the raw material section 601) the type of pipe (e.g., a
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straight pipe section, a tube turn, a bend, etc.) and a description of the particular pipe
(e.g., length, details of a turn, etc.). Each identified pipe may be listed on a separate line
as shown in section 605. Section 606 includes a section for displaying an automatic
indication as to whether the pipe layout is successful or not, depending on the design
criteria input previously, as discussed above. The particular sections of Figure 6 will be
discussed in further detail below.

[051] Figures 6B-6D represent steps in a non-limiting example of laying
out pipe in the designed pipeline based on information entered by a user. Thus, Figures
6B-6D represent the same input screen (600B-600D, respectfully) at various points in the
process.

[052] Figure 6B shows an exemplary input screen 600B which is similar to
input screen 600A of Figure 6A. As a non-limiting example, in Figure 6B, a user may
enter pipe information (e.g., uncut pipe length) in section 603 for a predetermined
pipeline design (e.g., the modified pipeline layout discussed above) and click on the “+”
button 603b to add as many uncut pipe lengths as desired. Clicking on the “+” button
will add a pipe of the desired uncut length into a new row in section 602 as shown in
Figure 6B.

[053] Returning briefly to Figure 1, at block 118 the cut pipe length based
on the modified design is calculated. In an embodiment, in Figure 6C, after entering a
number of uncut pipe lengths, the user may enter a pipe name prefix in section 603 for
one or more of the pipe lengths entered in section 602 and click the “Pipes” button 607¢.

The system will automatically lay out the pipe sections having a pipe name prefix along
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the pipe route designed above. The system also labels the designed pipeline layout with
the pipe name prefix and indicates start and stop points for each pipe. An example of this
is shown in the pipe layout in Figure 5 as P7, P8, and P9 (note that P7, P8, and P9 in
Figure 5 represent a different example than the example for P1, P2, and P3 in Figures 6A-
6D). Additionally, the system will automatically show any pipe cut lengths, as seen at
602c, based on the designed pipe route. If the pipe lengths having pipe name prefixes are
not adequate to complete the designed pipe route, an error message 606¢ will appear in
section 606, such as the exemplary error message shown in Figure 6C,

[054] Again returning briefly to Figure 1, at block 120 a parts list is
determined for the designed pipe route (such as the modified pipeline lineout discussed
above).

[055] With attention drawn to Figure 6D, if the pipe lengths having pipe
name prefixes are adequate to complete the designed pipe route, a success message 606d
will appear in section 606, such as the exemplary success message shown in Figure 6D.
Additionally, the parts list (section 605) is populated with the name/name prefix of the
pipe, the type of pipe, and a description of the pipe. Additionally, as shown at 605d, tube
turn information is displayed based on the designed pipe route. Note that in Figure 6D,
only P1 through P12 listed in section 602 are listed in the part list section 605.

[056] Returning to Figure 1, at block 122 the modified pipeline layout is
displayed. This is shown, as discussed above, in Figure 5. At block 124 fabrication
information for the pipes for the designed pipe route is determined. Referring to Figure

6d, in an embodiment, when the user clicks the “BI” (Bending Instructions) button 607d,
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the system computes, based on the pipe lengths and the designed pipe route input into the
system, pipe bending information, factory bend data, fabrication details and outputs this
information into a text file. This text file may then be used, for example, in the field to
fabricate the pipe layout and turns to match the designed pipe route. The fabrication
details in the text file may also include pertinent information on how pipe sections are to
be rotated or if factory fittings are to be installed in line, e.g., the size of the fittings,
angles required, etc.

[057] A portion of an exemplary output text file is shown in Figure 7
where for this example sections 711-715 include the fabrication details for Pipes 1-5,
respectively. Insection 711, Pipe 1 is a straight pipe of raw length 42.2 ft. which is cut
down to 36.07 ft. In section 712, Pipe 2 has a raw length of 42.4 ft. and is not cut down,
i.e., the cut length is the same as the raw length, However, Pipe 2 has two bends
(denoted “Bend No: 17 and “Bend No: 2” as seen in Figure 7) and section 712 includes
the fabrication details for those bends, e.g., bend center, measure direction, measure
distance, center bend radius, center curvature, total deflection angle, horizontal deflection
angle, and vertical deflection angle. In section 713, Pipe 3 has a raw and cut length of
41.80 ft. and includes one bend. In section 714, Pipe 4 has a raw and cut length of 41.90
ft. and is a straight pipe. In section 715, Pipe 5 has a raw length of 42.10 ft. and a cut
length of 31.39 ft. and is a straight pipe. Each pipe in the designed pipeline layout would
have fabrication information included in the output text file.

[058] Returning to Figure 1, at block 126 ditch profile information for the

profile of the ditch in which the designed pipeline layout will be placed is exported from
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the system. The ditch profile information may include, but is not necessarily limited to,
GPS information for the ditch and may include information for the bottom of the ditch.
This ditch profile information may be used by a ditch excavation tool to manually or
automatically excavate the ditch to match the designed pipeline layout.

[059] Considering Figure 8, an embodiment for a method 800 for use of a
system and/or software for designing a pipeline according to an exemplary, non-limiting
embodiment is shown. Blocks 802 through 818 correspond to blocks 602 through 618,
respectively, as discussed above. Blocks 820 through 826 correspond to blocks 620
through 626, respectively, as discussed above. At block 802 pipeline survey information
of the field conditions for the pipeline is provided from which an initial layout is
determined. At block 804, a digital terrain model is determined from the pipeline survey
information. At block 806, pipeline design criteria is input. At block 808 a first pipeline
layout is determined from the initial pipeline design criteria. At block 810, the system
produces a plan and profile view of the proposed pipeline, ground surface, minimum
cover levels, ditch widths, pipeline corridor, PI’s, top, bottom, and centerline of pipe, etc.
based on the pipeline layout from block 808. At block 812 the user selects and modifies
one or more PIs in the initially designed pipeline. At block 814 a modified pipeline
layout is determined based on the modified PI(s) from block 812. At block 816 pipe
length data is input. At block 818 the cut pipe length based on the modified design is
calculated. At block 819, if, as discussed above, an error message appears such as
exemplary error message 606¢ in Figure 6C, the method may return to block 812 for the

user to select and modify another PI. If, at block 819, a success message appears in
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section 606d in Figure 6D, the method may continue to block 820. At block 820 a parts
list is determined for the designed pipe route. At block 822 the modified pipeline layout
is displayed. At block 824 fabrication information for the pipes for the designed pipe
route is determined. At block 826 ditch profile information for the profile of the ditch in
which the designed pipeline layout will be placed is exported from the system.

[060] Figure 9 shows an exemplary system for designing a pipeline
including a processor 920 and a display device 930. In an embodiment, the processor
920 includes first input circuitry for receiving a survey of a pipeline pathway 921 and the
processor determines a digital terrain model from the received survey. The processor 920
further includes second input circuitry for inputting to said processor a set of pipeline
design criteria 922. The processor 920 determines a first pipeline layout based on the
digital terrain model and the pipeline design criteria. The first pipeline layout includes
one or more points of intersection for the pipeline layout where each of the points of
intersection includes first design information for a respective portion of the first pipeline
layout. The exemplary system also includes an electronic display device 930 for
displaying at least one of a plan view and a profile view of the determined first pipeline
layout, where the displayéd first pipeline layout includes the one or more points of
intersection, and where the first pipeline layout includes straight line pipe sections
between each pair of adjacent points of intersection. The processor 920 further includes
third input circuitry for selecting one of the one or more points of intersection 923 and
modifying the first design information for the respective portion of the first pipeline

layout. The processor 920 also automatically determines a modified pipeline layout
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based on the first pipeline layout and the modified design information. The processor
920 further includes fourth input circuitry for inputting to the processor a predetermined
length of an uncut pipe from which the processor automatically calculates a cut length for
the uncut pipe based on the modified design information. The processor 920 additionally
automatically determines a parts list including one or more pipes for the modified
pipeline layout based on the modified design information. The electronic display device
930 displays at least one of a plan view and a profile view of the modified pipeline layout
where the displayed modified pipeline layout includes a label for each of the one or more
pipes for the modified pipeline layout. The processor 920 automatically determines
fabrication information for each of the one or more pipes in the modified pipeline layout,
and the processor includes output circuitry for exporting position information relating to a
ditch 925 for the modified pipeline layout.

[061] Certain embodiments of the present disclosure may be implemented
by a computer programmed in accordance with the principals discussed herein. It may be
emphasized that the above-described embodiments, particularly any “preferred”
embodiments, are merely possible examples of implementations, merely set forth for a
clear understanding of the principles of the disclosure. Many variations and
modifications may be made to the above-described embodiments of the disclosure
without departing substantially from the spirit and principles of the disclosure. All such
modifications and variations are intended to be included herein within the scope of this

disclosure and protected by the following claims.
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[062] Embodiments of the subject matter and the functional operations
described in this specification can be implemented in digital electronic circuitry, or in
computer software, firmware, or hardware, including the structures disclosed in this
specification and their structural equivalents, or in combinations of one or more of them.
Embodiments of the subject matter described in this specification can be implemented as
one or more computer program products, i.e., one or more modules of computer program
instructions encoded on a tangible program carrier for execution by, or to control the
operation of, data processing apparatus. The tangible program carrier can be a computer
readable medium. The computer readable medium can be a machine-readable storage
device, a machine-readable storage substrate, a memory device, or a combination of one
or more of them.

[063] To provide for interaction with a user, embodiments of the subject
matter described in this specification can be implemented on a computer having a display
device, e.g., a cathode ray tube (CRT), a light emitting diode (LED) display monitor, a
liquid crystal display (LCD) monitor, etc., as is known in the art for displaying
information to the user and a keyboard and a pointing device, e.g., a mouse or a trackball,
by which the user can provide input to the computer. Other kinds of devices can be used
to provide for interaction with a user as well; for example, input from the user can be
received in any form, including acoustic, speech, or tactile input.

[064] While some embodiments of the present subject matter have been
described, it is to be understood that the embodiments described are illustrative only and

that the scope of the invention is to be defined solely by the appended claims when
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accorded a full range of equivalence, many variations and modifications naturally

occurring to those of skill in the art from a perusal hereof.

23



We Claim:

1. A method for designing a pipeline, the method comprising the steps of:

(a) providing a survey of a pipeline pathway;

(b)  determining, using a processor, a digital terrain model from the survey;

(c)  inputting to the processor a set of pipeline design criteria;

(d)  determining, using the processor, a first pipeline layout based on the digital
terrain model and the first pipeline design criteria, including a plurality of points of
intersection for the first pipeline layout wherein each of the points of intersection
includes first design information for a respective portion of the first pipeline layout;

(e)  displaying at least one of a plan view and a profile view of the determined
first pipeline layout on an electronic display device, wherein the displayed first pipeline
layout includes the plurality of points of intersection, and wherein the first pipeline layout
comprises straight line pipe sections between each pair of adjacent points of intersection;

(f)  selecting one of the plurality of points of intersection and modifying, using
the processor, the first design information for the respective portion of the first pipeline
layout;

(g) automatically determining, using the processor, a modified pipeline layout
based on the first pipeline layout and the modified first design information, the modified
pipeline layout including only straight pipe segments and radially curved planar pipe
segments, wherein the modified pipeline layout is determined without a user editing the
actual path of the pipeline;

(h)  1inputting to the processor a predetermined length of an uncut pipe;
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(1) automatically calculating, using the processor, a cut length for the uncut
pipe based on the modified first design information;

) automatically determining, using the processor, a parts list including a
plurality of pipes for the modified pipeline layout based on the modified first design
information;

(k)  displaying at least one of a plan view and a profile view of the modified
pipeline layout on the electronic display device, wherein the displayed modified pipeline
layout includes a label for each of the plurality of pipes for the modified pipeline layout;

{)) automatically determining, using the processor, fabrication information for
each of the plurality of pipes in the modified pipeline layout; and

(m) exporting position information relating to a ditch for the modified pipeline
layout.

2. The method of Claim 1 wherein the displaying of the determined pipeline
layout includes displaying at least one of a top of ground line, a minimum cover level
line, a ditch side line, and a corridor side line.

3. The method of Claim 1 wherein the first design information includes at
least one of a deflection angle for the first pipeline layout and a bend angle for the first
pipeline layout.

4. The method of Claim 1 wherein the step of modifying the first design
information includes at least one of adding a new point of intersection, removing one of

the plurality of points of intersection, moving one of the plurality of points of
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intersection, changing a deflection angle, changing a curvature of a bend, and designating
a bend as a factory bend or a field bend.

5. The method of Claim 1 wherein the step of inputting to the processor a
predetermined length of uncut pipe includes automatically generating an error message
for the condition where the predetermined length of uncut pipe is less than a minimum
pipe length based on the modified first design information.

6. The method of Claim 1 wherein the modified first design information
includes a maximum curvature of a pipe that is not greater than a threshold value.

7. The method of Claim 1 further comprising the step of determining either:

(1) a condition where a length of pipe at a point of intersection that is located at
an end of the modified pipeline layout is less than a predetermined value; or

(1))  for the modified pipeline layout which contains no points of intersection, a
condition where a length of pipe is less than a predetermined value.

8. The method of Claim 1 further comprising the step of determining a
condition where a length of pipe between adjacent points of intersection is less than a
predetermined value.

9. The method of Claim 1 further comprising the step of determining a

condition where an inner arc of a tube turn is less than a threshold value.
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10. A system for designing a pipeline, the system comprising:

first input circuitry for receiving a survey of a pipeline pathway;

a processor for determining a digital terrain model from the survey;

second input circuitry for inputting to said processor a set of pipeline design
criteria;

said processor for determining a first pipeline layout based on the digital terrain
model and the pipeline design criteria, including a plurality of points of intersection for
the first pipeline layout wherein each of the points of intersection includes first design
information for a respective portion of the first pipeline layout;

an electronic display device for displaying at least one of a plan view and a profile
view of the determined first pipeline layout, wherein the displayed first pipeline layout
includes the plurality of points of intersection, and wherein the first pipeline layout
comprises straight line pipe sections between each pair of adjacent points of intersection;

third input circuitry for selecting one of the plurality of points of intersection and
modifying, using the processor, the first design information for the respective portion of
the first pipeline layout;

said processor for automatically determining a modified pipeline layout based on
the first pipeline layout and the modified first design information, the modified pipeline
layout including only straight pipe segments and radially curved planar pipe segments,
wherein the modified pipeline layout is determined without a user editing the actual path

of the pipeline;
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fourth input circuitry for inputting to said processor a predetermined length of an
uncut pipe;

said processor for automatically calculating a cut length for the uncut pipe based
on the modified first design information;

said processor for automatically determining a parts list including a plurality of
pipes for the modified pipeline layout based on the modified first design information;

said electronic display device for displaying at least one of a plan view and a
profile view of the modified pipeline layout on the electronic display device, wherein the
displayed modified pipeline layout includes a label for each of the plurality of pipes for
the modified pipeline layout;

said processor for automatically determining fabrication information for each of
the plurality of pipes in the modified pipeline layout; and

output circuitry for exporting position information relating to a ditch for the
modified pipeline layout.

11.  The system of Claim 10 wherein the displaying of the determined pipeline
layout includes displaying at least one of a top of ground line, a minimum cover level
line, a ditch side line, and a corridor side line.

12.  The system of Claim 10 wherein the first design information includes at
least one of a deflection angle for the first pipeline layout and a bend angle for the first
pipeline layout.

13.  The system of Claim 10 wherein the modifying of the first design

information includes at least one of adding a new point of intersection, removing one of
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the plurality of points of intersection, moving one of the plurality of points of
intersection, changing a deflection angle, changing a curvature of a bend, and designating
a bend as a factory bend or a field bend.

14.  The system of Claim 10 wherein the inputting to said processor a
predetermined length of uncut pipe includes automatically generating an error message
for the condition where the predetermined length of uncut pipe is less than a minimum
pipe length based on the modified first design information.

15.  The system of Claim 10 wherein the modified first design information
includes a maximum curvature of a pipe that is not greater than a threshold value.

16.  The system of Claim 10 wherein said processor determines either:

(1) a condition where a length of pipe at a point of intersection that is located at
an end of the modified pipeline layout is less than a predetermined value; or

(1))  for the modified pipeline layout which contains no points of intersection, a
condition where a length of pipe is less than a predetermined value.

17.  The system of Claim 10 wherein said processor determines a condition
where a length of pipe between adjacent points of intersection is less than a
predetermined value.

18.  The system of Claim 10 wherein said processor determines a condition

where an inner arc of a tube turn is less than a threshold value.
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19. A non-transitory machine-readable medium having stored thereon a
plurality of executable instructions for designing a pipeline, the plurality of executable
instructions comprising instructions to:

receive input regarding a survey of a pipeline pathway;

determine a digital terrain model from the survey;

receive input regarding a set of pipeline design criteria;

determine a first pipeline layout based on the digital terrain model and the pipeline
design criteria, including a plurality of points of intersection for the first pipeline layout
wherein each of the points of intersection includes first design information for a
respective portion of the first pipeline layout;

display at least one of a plan view and a profile view of the determined first
pipeline layout on an electronic display device, wherein the displayed first pipeline layout
includes the plurality of points of intersection, and wherein the first pipeline layout
comprises straight line pipe sections between each pair of adjacent points of intersection;

select one of the plurality of points of intersection and modifying the first design
information for the respective portion of the first pipeline layout;

determining a modified pipeline layout based on the first pipeline layout and the
modified first design information, the modified pipeline layout including only straight
pipe segments and radially curved planar pipe segments, wherein the modified pipeline
layout is determined without a user editing the actual path of the pipeline;

receive input regarding a predetermined length of an uncut pipe;
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calculate a cut length for the uncut pipe based on the modified first design
information;

determine a parts list including a plurality of pipes for the modified pipeline layout
based on the modified first design information;

display at least one of a plan view and a profile view of the modified pipeline
layout on the electronic display device, wherein the displayed modified pipeline layout
includes a label for each of the plurality of pipes for the modified pipeline layout;

determine fabrication information for each of the plurality of pipes in the modified
pipeline layout; and

export position information relating to a ditch for the modified pipeline layout.

20.  The non-transitory machine-readable medium of Claim 19 wherein the
displaying of the determined pipeline layout includes displaying at least one of a top of
ground line, a minimum cover level line, a ditch side line, and a corridor side line.

21.  The non-transitory machine-readable medium of Claim 19 wherein the first
design information includes at least one of a deflection angle for the first pipeline layout
and a bend angle for the first pipeline layout.

22.  The non-transitory machine-readable medium of Claim 19 wherein the
modifying the first design information includes at least one of adding a new point of
intersection, removing one of the plurality of points of intersection, moving one of the
plurality of points of intersection, changing a deflection angle, changing a curvature of a

bend, and designating a bend as a factory bend or a field bend.
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23.  The non-transitory machine-readable medium of Claim 19 wherein the
receiving input regarding a predetermined length of uncut pipe includes automatically
generating an error message for the condition where the predetermined length of uncut
pipe is less than a minimum pipe length based on the modified first design information.

24.  The non-transitory machine-readable medium of Claim 19 wherein the
modified first design information includes a maximum curvature of a pipe that is not
greater than a threshold value.

25.  The non-transitory machine-readable medium of Claim 19 wherein the
plurality of executable instructions further comprises instructions to determine either:

(1) a condition where a length of pipe at a point of intersection that is located at
an end of the modified pipeline layout is less than a predetermined value; or

(1))  for the modified pipeline layout which contains no points of intersection, a
condition where a length of pipe is less than a predetermined value.

26.  The non-transitory machine-readable medium of Claim 19 wherein the
plurality of executable instructions further comprises instructions to determine a
condition where a length of pipe between adjacent points of intersection is less than a
predetermined value.

27.  The non-transitory machine-readable medium of Claim 19 wherein the
plurality of executable instructions further comprises instructions to determine a

condition where an inner arc of a tube turn is less than a threshold value.
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Pipe Sending Instrections

Design drawing ; BD_ Layout_Design._corri igne
Fipe diameter : 16 0 dn {1 ft 4 in}
Quarter turn 3 12,57 9n {1 ft O in & 9716 in)

e e L S A R R R

ipe; 1
Length ¢ 42,20 Ft (42 fr 2 in & 3/8 in)
cut Length @ 36.07 £t (36 ft O in & 13/16 in)

straight pipe - No bends required

ﬁmmmmmﬁmw
pipe: I o L o
Lengek 2 42,40 ft (42 ft 4 in & 13/16 iﬁ%
cut Length @ 42,40 fr (42 Fr 4 in & 13516 in
Bend ko 1 . . L
Bentd canter 1 BLLAFE (B L 1 i & 1/Z in)
Meassre direction » Laft
Measure distance 1 25.13 1in gg f£ 110 & /8 in)
center bend radius : 38,20 ft £38 £ 2 in & 3/8 40}
Cemter curvature 3 1.50 deg/fc 1 d&gﬁfﬁ & 172 deg/Tt}
Total deflection angle 1 9.55 deg (9 deg & 1/2 deg

Horizontal deflection angle : Q.00 dey (0 de gj

vertical deflection angle : 9,55 deg (9 deg & 1/7 deg) overbend
Bengd bn: 2

Bend center , ; 32,64 £ (32 £ 7 in & 11/16 in)
Measure direction 3 None

Measure distance : 000 in (O £ 0 in)

Cemter bend radius i 3E. Eﬂ Ft SE ft 2 i & 378 10
center curvature 1 1.50 éegf (1 degj*t & 1/2 deg/ft)
Total deflection angle 3 6,14 deg (6 ¢ e:g & 174 daeg)

Horizontal deflection ang1e s 00 &@ hod
verti c:a”E deflectian : 6.14 iég (6 ﬂa»g & 174 deg) sag

R SRR B S R W&ﬂmmﬂm&ﬂkmmeﬁwm S B S S R S s S
Fipa: 3
Length ¢ 41.80 ft (41 fr 2 in & %/8 {ng
cut Length 1 41.80 ftr {41 ¥t 9 in & 5/8 in
Bend Ho: 1 g - , e
Bend cantar : 21,02 fv 21 Ft 0 40 & 5716 in}
Measure direction » Left
HMeasiire distance : 17.80 in (1 F£ 5 1n & S/’E i}
center bend radios : 33 20 e (3B Ft 2 in & 378 1m)
center gurvature : 1,50 deg/ft (1 deg/ft & 1f% dea/ft)
Total deflaction angle ;1118 deg {1l éﬁg & 1; degl

Horizontal deflection angle : 9.06 deg EE degy left
al deflection angle : &.54 deg {6 deg & 1/2 deq) overbend

w@ﬁu@mﬁwmWmmwﬁﬁﬂﬁ‘mﬁﬁﬁﬁhmﬁﬁﬁﬁMW&&ﬁﬁﬁw@ﬁﬁillnwmﬂlilhﬁﬁumm@ﬁﬂﬁﬁ*ﬁﬁﬁﬁ#ﬁﬂﬂ
Pipe: 4
Length ¢ 41580 fr (41 £t 10 1n & 13/16 in)

Cut Length 41.90 ft (41 Tt 10 in & 13716 in}
straight pipe - No bends required

pipe: §
Length : 42, lﬂ ft (42 ft 1 in & 3/16 ’an}
Cut Length 31.39 ft (31 Fft 4 in & 5/B in)

straight pipe - Ho bends reguired _
Page 1
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l
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}
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l

DISPLAY
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