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Locate and/or marking operations involve detecting and/or
marking a presence or an absence of at least one underground
facility within a dig area, wherein at least a portion of the dig
areais planned to be excavated or disturbed during excavation
activities. One or more attributes of a locate and/or marking
operation requested in a locate request ticket are assessed to
provide one or more ticket assessment outcomes. Ticket
information is obtained from the locate request ticket and
analyzed so asto assign at least one complexity designation to
the ticket. The complexity designation(s) is/are transmitted
and/or stored so as to facilitate clearing the locate request
ticket and/or dispatching a locate technician to perform the
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Excavation Notice
KD 00005 POCS 12/31/08 20:19:11 20083771309--000 NEW XCAV RTN
======== UNDERGROUND UTILITY LINE PROTECTION REQUEST ========

Seriamumber--[20083771 309] - [000] Channel# -- [2013026] [0313]
Message Type--[NEW] [EXCAVATION] [ROUTINE]

County-[BUCKS]— S04A Municipality-[BENSALEM TWP]

Work Site--[100 ST. FRANCIS LN]
Nearest Intersection—-[SMOKY MOUNTAIN HWY]
Second Intersection--[CHESTNUT HILL]
Subdivision-[ ]

Location Information-

3048, [MARK PERIMETER OF BUILDING]
Caller Lat/Lon--[ ]

Mapped Type--[P] Mapped Lat/Lon--

[35.67696022/-83.7560695]
J06 Map Graphic--[http://www.palcall.org/ViewMap/view.aspx?sn=20083771309]

Type of Work--[INSTL CONDUIT] Depth:--[18-30IN]
Extent of Excavation--[392FT] Method of Excavation--[DRILL, TRENCHER]
Street--[ ] Sidewalk--[ ] Pub Prop--[ ] Pvt Prop--[x] Other--[ ]

308 Lawful Start Dates--[06-Jan-09 Through [15-Jan-09]

Scheduled Excavation Date--[06-Jan-09] Dig Time--[0700] Duration--[3 DAYS]
Response Due Date--[05-Jan-09)]

Ticket
200

Caller--[ANDREW JONES] Phone--[732-690-8274} Ext--[ ]
Excavator--[JACK SMITH CONSTRUCTION] Homeowner/Business--[B]
Address--[17 WILLOW RD]

City--[PALMER] 310 State--[PA] Zip--[18045]
Fax--[610-258-9238] Email--[JACKSMITHLLC@YAHOO.COM]

Work Being Done For--[VERIZON FTTP AND INFRASOURCE]

Person to Contact--[ANDREW JONES] Phone--[732-690-8274] Ext--[ ]
Best Time to Call--[ANYTIME ]

—312
Prepared--[Dec31-08] at [2019] by [JANE DOE]

Job Number--[8A37020-002]

Remark?-]-
/.314
FP 0 FP =W&SA KC 0 KC =PECO PLMG
KD 0 KD=TWNSND WRTR XZ 0 XZ=COMCAST CABLEB

Serial Number--[20083771309]-[000]

FIG. 3
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Work Order

1800
e

1812 Work Order
Work Order Id: 289557

Ticket Numbef" 20083771309-000 514

Scheduled Work Begin Date/Time 04-Jan-2009 9:00AM

E ted tion:
xpected Duration 1808 1 Hour

Due Date: 05-Jan-2009
Type: Utility Locate
Priority: 3-ROUTINE
Dispatch Address” 1604

Address1: 100 ST. FRANCIS LN
Address2;

Address3:

City: Townsend State: TN  Zip: 37882
Nearest Intersection: SMOKY MOUNTAIN HWY
Second Intersection: [CHESTNUT HILL]

___——1806
Excavation Information:

Work Being Done For: VERIZON FTTP AND INFRASOURCE

Project Type:

Type of Work: INSTL CONDUIT Depth  18-30IN

Extent: 392FT Method: DRILL, TRENCHER
Street--[] Sidewalk--[] Pub Prop--[] Pvt Prop--[x] Other-[]

1810
Excavator Infromation./-

Name: JACK SMITH CONSTRUCTION Homeowner/Business--[B]
Address: 17 WILLOW RD

City: TOWNSEND  State: TN  Zip: 37882

FAX #: 610-258-9238 Email: JACKSMITHLLC@YAHOO.COM
Site Information-

From Address1: 110 ST FRANCIS LN To Address1:

From Address2: To Address2:
From Address3: To Address3:
City: State: TN Zip: 37882
Subdivison Name: Site Marked in White--[Y]
FIG. 18A
FIG. 188

FIG. 18A =
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Locate Instructions:
[MARK PERIMETER OF BUILDING]

Caller Information:
Name; ANDREW JONES Phone: 732-690-8274 Ext:
Contact: ANDREW JONES Phone: 732-690-8274 Ext:
Best Time to Call: ANYTIME

Remarks--
[]
Work Order Task
1816
0001 Utility Locate Gas
0002 Utility Locate Electric
0003 Utility Locate CATV

FIG. 18B
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1910
memory w;
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processing unit |
1914
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1916

display unit -
1918
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FIG. 19
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METHODS AND APPARATUS FOR
ASSESSING COMPLEXITY OF LOCATE
REQUEST TICKETS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims a priority benefit, under 35
U.S.C. §120, as a continuation (CON) of U.S. Non-provi-
sional application Ser. No. 12/823,028, entitled “METHODS
AND APPARATUS FOR ASSESSING LOCATE
REQUEST TICKETS,” filed Jun. 24, 2010, under Attorney
Docket No. D0687.70034US01.

[0002] Ser. No. 12/823,028 claims a priority benefit, under
35U.8.C. §119(a), to Canadian Application Ser. No. (not yet
assigned), entitled “METHODS AND APPARATUS FOR
ASSESSING LOCATE REQUEST TICKETS,” filed on Jun.
23, 2010, under Attorney Docket No. PAT 71588-1 CA.
[0003] Ser. No. 12/823,028 claims a priority benefit, under
35U.S.C. §119(e), to U.S. Provisional Patent Application No.
61/220,491, entitled “METHODS AND APPARATUS FOR
ASSESSING FIELD SERVICE OPERATION TICKETS,”
filed on Jun. 25, 2009 under Attorney Docket No. D0687.
70034US00.

[0004] Each of the above-identified applications is incor-
porated by reference herein in its entirety.

BACKGROUND

[0005] Fixed and mobile computer-based information sys-
tems are becoming cheaper, more rugged, and increasingly
networked. As a result, technological advances are changing
the way businesses collect, analyze, and manage information.
For example, certain processes and certain types of equip-
ment and instrumentation are becoming more automatic in
nature, especially with regard to the capture and manipulation
of data and the conversion of data into useful information.
[0006] The area of field service operations is an example of
an area that is experiencing growth in information technol-
ogy. Field service operations may be any operation in which
companies dispatch technicians and/or other staff to remote
locations in order to perform certain activities, for example,
installations, services and/or repairs. Field service operations
may exist in industries, such as, but not limited to, network
installations, utility installations, security systems, construc-
tion, medical equipment, heating, ventilating and air condi-
tioning (HVAC) and the like.

[0007] An example of a field service operation in the con-
struction industry is a so-called “locate and marking opera-
tion,” also commonly referred to more simply as a “locate
operation” (or sometimes merely as “a locate™). In a typical
locate operation, a locate technician visits a work site in
which there is a plan to disturb the ground (e.g., excavate, dig
one or more holes and/or trenches, bore, etc.) so as to deter-
mine a presence or an absence of one or more underground
facilities (such as various types of utility cables and pipes) in
a dig area to be excavated or disturbed at the work site.
[0008] In many states, an excavator who plans to disturb
ground at a work site is required by law to notify any poten-
tially affected underground facility owners prior to undertak-
ing an excavation activity. Advanced notice of excavation
activities may be provided by an excavator (or another party)
by contacting a “one-call center.” One-call centers typically
are operated by a consortium of underground facility owners
for the purposes of receiving excavation notices and in turn

Feb. 17,2011

notifying facility owners and/or their agents of a plan to
excavate. As part of an advanced notification, excavators typi-
cally provide to the one-call center various information relat-
ing to the planned activity, including a description of the dig
area to be excavated or otherwise disturbed.

[0009] FIG. 1 illustrates an example in which a locate
operation is initiated as a result of an excavator 110 providing
an excavation notice to a one-call center 120. An excavation
notice also is commonly referred to as a “locate request,” and
may be provided by the excavator to the one-call center via an
electronic mail message, information entry via a website
maintained by the one-call center, or a telephone conversation
between the excavator and a human operator at the one-call
center. The locate request may include an address or some
other location-related information describing the geographic
location of a work site at which the excavation is to be per-
formed, as well as a description of the dig area (e.g., a text
description), such as its location relative to certain landmarks
and/or its approximate dimensions, within which there is a
plan to disturb the ground.

[0010] Based on this information, the one-call center iden-
tifies certain underground facilities that may be affected by
the proposed excavation at the work site. For example, one-
call centers generally have access to various existing maps of
underground facilities in their jurisdiction, referred to as
“facilities maps.” Facilities maps typically are provided by
underground facilities owners within the jurisdiction and
show, for respective different utility types, where under-
ground facilities purportedly may be found relative to some
geographic reference frame or coordinate system (e.g., a grid,
a street or property map, GPS latitude and longitude coordi-
nates, etc.).

[0011] Most often, using such facilities maps, a one-call
center identifies a significant buffer zone around an identified
work site (i.e., based on the address or location information
provided by an excavator in the locate request), so as to make
an over-inclusive identification of underground utilities that
are implicated by the proposed excavation (e.g., to err on the
side of caution). This practice of creating a bufter zone around
an identified work site with reference to one or more facilities
maps commonly is referred to as generating a “polygon” or
“polygon map.” Based on these generally over-inclusive
polygons (and in some instances significantly over-inclusive
polygons), the one-call center identifies all of the under-
ground facilities that may fall within the polygon so as to
notify the corresponding facility owners and/or their agents of
the proposed excavation. Again, it should be appreciated that
polygons or polygon maps utilized by one-call centers for this
purpose typically embrace a geographic area that includes but
goes well beyond the actual work site, and in many cases the
geographic area enclosed by a given polygon is significantly
larger than the actual dig area in which excavation or other
similar activities are planned.

[0012] Once facilities implicated by the locate request are
identified by a one-call center (e.g., via the polygon process),
the one-call center generates a “locate request ticket” (also
known as a “locate ticket,” or simply a “ticket”). The locate
request ticket typically identifies the work site of the proposed
excavation and a description of the dig area, typically lists on
the ticket all of the underground facilities implicated by the
proposed excavation (e.g., by providing a member code for
the facility owner of an underground facility that falls within
a given polygon), and may also include various other infor-
mation relevant to the proposed excavation (e.g., the name of
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the excavation company, a name of a property owner or party
contracting the excavation company to perform the excava-
tion, etc.). The one-call center sends the ticket to one or more
underground facility owners 140 and/or one or more locate
service providers 130 (who may be acting as contracted
agents of the facility owners) so that they can conduct a locate
and marking operation to verify a presence or absence of the
underground facilities in the dig area. For example, in some
instances, a given underground facility owner 140 may oper-
ate its own fleet of locate technicians (e.g., locate technician
145), in which case the one-call center 120 may send the
ticket to the underground facility owner 140. In other
instances, a given facility owner may contract with a locate
service provider to receive locate request tickets and perform
alocate and marking operation in response to received tickets
on their behalf.

[0013] Morespecifically, upon receiving the locate request,
a locate service provider or a facility owner (hereafter
referred to as a “ticket recipient”) may dispatch a locate
technician to the work site of planned excavation to determine
apresence or absence of one or more underground facilities in
the dig area to be excavated or otherwise disturbed. A first step
for the locate technician includes utilizing an underground
facility “locate device,” which is an instrument for detecting
facilities that are concealed in some manner, such as cables
and pipes that are located underground, to veritfy the presence
or absence of underground facilities indicated in the locate
request ticket as potentially present in the dig area (e.g., via
the facility owner member codes listed in the ticket). An
underground facility locate device is used to detect electro-
magnetic fields that are generated by a “test” signal provided
along a length of a target facility to be identified. Locate
devices typically include both a signal transmitter to provide
the test signal (e.g., which is applied by the locate technician
to a tracer wire disposed along a length of a facility), and a
signal receiver which is generally a hand-held apparatus car-
ried by the locate technician as the technician walks around
the dig area to search for underground facilities. The signal
receiver indicates a presence of a facility when it detects
electromagnetic fields arising from the test signal. Con-
versely, the absence of a signal detected by the receiver of the
locate device generally indicates the absence of the target
facility.

[0014] Subsequently, the locate technician then generally
marks the presence (and in some cases the absence) of a given
underground facility in the dig area based on the various
signals detected (or not detected) using the locate device. For
this purpose, the locate technician conventionally utilizes a
“marking device” to dispense a marking material on, for
example, the surface of the ground along a detected under-
ground facility. Marking material may be any material, sub-
stance, compound, and/or element, used or which may be
used separately or in combination to mark, signify, and/or
indicate. Examples of marking materials may include, but are
not limited to, paint, chalk, dye, and/or iron. Marking devices,
such as paint marking wands and/or paint marking wheels,
provide a convenient method of dispensing marking materials
onto surfaces, such as onto the surface of the ground.

[0015] Insome environments, arrows, flags, darts, or other
types of physical marks may be used to mark the presence or
absence of an underground facility in a dig area, in addition to
oras an alternative to a material applied to the ground (such as
paint, chalk, dye) along the path of a detected utility. The
marks resulting from any of a wide variety of materials and/or

Feb. 17,2011

objects used to indicate a presence or absence of underground
facilities generally are referred to as “locate marks.” Often,
different color materials and/or physical objects may be used
for locate marks, wherein different colors correspond to dif-
ferent utility types. For example, the American Public Works
Association (APWA) has established a standardized color-
coding system for utility identification for use by public agen-
cies, utilities, contractors and various groups involved in
ground excavation (e.g., red=electric power lines and cables;
blue=potable water; orange=telecommunication lines;
yellow=gas, oil, steam). In some cases, the technician also
may provide one or more marks to indicate that no facility was
found in the dig area (sometimes referred to as a “clear”).
[0016] As mentioned above, the foregoing activity of iden-
tifying and marking a presence or absence of one or more
underground facilities generally is referred to for complete-
ness as a “locate and marking operation.” However, in light of
common parlance adopted in the construction industry, and/
or for the sake of brevity, one or both of the respective locate
and marking functions may be referred to in some instances
simply as a “locate operation” or a “locate” (i.e., without
making any specific reference to the marking function).
Accordingly, it should be appreciated that any reference in the
relevant arts to the task of a locate technician simply as a
“locate operation” or a “locate” does not necessarily exclude
the marking portion of the overall process.

[0017] The locate service provider 130 may handle a high
volume of locate requests on a daily basis. For example, the
locate service provider 130 may have locate offices (or profit
centers) in different geographical regions and each locate
office may have a hundred or more locate technicians in the
field each day. Depending on its size, each locate office may
respond to hundreds or even thousands of locate requests on
a given day.

[0018] The locate service provider 130 may use one or
more ticket processing systems to process incoming locate
request tickets from the one-call center 120. For example, the
ticket processing system may extract identifying information
such as a ticket number from an incoming ticket and create a
database entry for that ticket number. The database entry may
be used throughout the life cycle of the ticket to keep track of
pertinent information, such as the status of the ticket (e.g.,
whether the ticket has been dispatched to a locate technician
and, if so, which locate technician).

[0019] Theticket processing system may populate the data-
base entry with additional information retrieved from the
ticket. For example, if the ticket includes an address for a
corresponding work site, the ticket processing system may
store the address in an appropriate field in the database entry.

SUMMARY

[0020] The inventors have appreciated that, although the
Pipeline Safety Reauthorization Act of 1988 requires all
states to establish one-call coverage for pipelines, the specific
operations and practices of one-call centers may vary from
region to region. For example, different jurisdictions may
have different regulations regarding ticket content (e.g., the
minimum amount of information that must be included in a
ticket) and ticket due date (e.g., the deadline by which a locate
operation must be performed in response to an incoming
ticket).

[0021] Also, different one-call centers may obtain informa-
tion from different sources and package the information into
tickets in different manners. For example, depending on the
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particular excavator who provides an excavation notice and
the particular one-call center that accepts and processes the
excavation notice, a resulting locate request ticket may iden-
tify the location and boundaries of a proposed work site/dig
area in a number of different ways, using street addresses,
map grids, and/or latitudinal and longitudinal (lat/long) coor-
dinates.

[0022] The inventors have appreciated that such disparities
in ticket information may have adverse effects on the quality
and efficiency of locate operations. For example, inadequate
or inaccurate information regarding the work site and/or dig
area location may cause delays in locate operations (e.g., a
locate technician may be unable to ascertain the exact loca-
tion and/or boundaries of the work site and/or dig area during
a first visit and may need to return to the work site at some
later time when improved location information becomes
available). These delays may increase the operating costs of a
locate service provider and may also increase the risk of
damaging underground facilities.

[0023] The inventors have further appreciated that conven-
tional ticket processing systems used by locate service pro-
viders may have limited assessment capabilities. That is, con-
ventional ticket processing systems may offer limited
capabilities in deriving information that is not explicitly
included in the incoming tickets. For example, little or no
assessment is done to estimate various aspects (or attributes)
of'a requested locate operation, such as location, scope, time,
complexity, risk, value, resource requirements and the like.
The lack of information regarding these and other aspects of
locate request tickets may lead to various inefficiencies, e.g.,
in the scheduling of the locate operations and/or the alloca-
tion of resources to the locate operations. There may also be
an increased risk of damaging underground facilities. As a
result, profitability of the locate service providers may be
adversely affected.

[0024] Thus, the inventors have recognized a need for
improved information management, dissemination, and uti-
lization in the locate industry and other field service indus-
tries in which mobile technicians are dispatched in response
to incoming service requests.

[0025] In view of the foregoing, one embodiment of the
present invention is directed to an apparatus for assessing one
or more attributes of a locate operation requested in a locate
request ticket. The apparatus comprises at least one processor
programmed to extract ticket information from the locate
request ticket at least in part by parsing the locate request
ticket; apply one or more business rules to at least some of the
ticket information to obtain a ticket assessment outcome for
each of the one or more attributes; and dispatch at least one
locate technician to perform the locate operation, based at
least in part on the ticket assessment outcome for each of the
one or more attributes.

[0026] Another embodiment is directed to an apparatus for
assessing a complexity of one or more locate operations
requested in a locate request ticket. The apparatus comprises
at least one processor programmed to extract one or more
information elements from the locate request ticket, and asso-
ciate one or more complexity types to the locate request ticket
based at least in part on the one or more information elements.
[0027] Another embodiment is directed to an apparatus for
assessing a level of risk associated with one or more locate
operations requested in a locate request ticket. The apparatus
comprises at least one processor programmed to extract one
or more information elements from the locate request ticket,
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and determine a risk value associated with the locate request
ticket based at least in part on the one or more information
elements.

[0028] Another embodiment is directed to an apparatus for
assessing at least one attribute of a locate and/or marking
operation requested in a locate request ticket, the locate and/
or marking operation comprising detecting and/or marking a
presence or an absence of at least one underground facility
within a dig area, wherein at least a portion of the dig area is
planned to be excavated or disturbed during excavation activi-
ties, the apparatus comprising: at least one communication
interface; at least one memory to store processor-executable
instructions; and at least one processor communicatively
coupled to the at least one memory and the at least one
communication interface, wherein, upon execution of the
processor-executable instructions, the at least one processor:
A) obtains ticket information from the locate request ticket at
least in part by parsing the locate request ticket; B) applies
one or more business rules to at least some of the ticket
information to generate at least one ticket assessment out-
come for the at least one attribute; and C) controls the at least
one communication interface to transmit, and/or controls the
atleast one memory to store, the at least one ticket assessment
outcome so as to facilitate clearing the locate request ticket
and/or dispatching at least one locate technician to perform
the locate and/or marking operation, based at least in part on
the at least one ticket assessment outcome.

[0029] Another embodiment is directed to a method, per-
formed in a system comprising at least one processor, at least
one memory, and at least one communication interface, for
assessing at least one attribute of a locate and/or marking
operation requested in a locate request ticket, the locate and/
or marking operation comprising detecting and/or marking a
presence or an absence of at least one underground facility
within a dig area, wherein at least a portion of the dig area is
planned to be excavated or disturbed during excavation activi-
ties, the method comprising: A) obtaining ticket information
from the locate request ticket at least in part by parsing, via the
at least one processor, the locate request ticket; B) applying
one or more business rules to at least some of the ticket
information, via the at least one processor, to generate at least
one ticket assessment outcome for the at least one attribute;
and C) transmitting via the at least one communication inter-
face, and/or storing in the at least one memory, the at least one
ticket assessment outcome so as to facilitate clearing the
locate request ticket and/or dispatching at least one locate
technician to perform the locate and/or marking operation,
based at least in part on the at least one ticket assessment
outcome.

[0030] Another embodiment is directed to at least one non-
transitory computer-readable storage medium encoded with
at least one program including processor-executable instruc-
tions that, when executed by a processor, perform a method
for assessing at least one attribute of a locate and/or marking
operation requested in a locate request ticket, the locate and/
or marking operation comprising detecting and/or marking a
presence or an absence of at least one underground facility
within a dig area, wherein at least a portion of the dig area is
planned to be excavated or disturbed during excavation activi-
ties, the method comprising: A) obtaining ticket information
from the locate request ticket at least in part by parsing the
locate request ticket; B) applying one or more business rules
to at least some of the ticket information to generate at least
one ticket assessment outcome for the at least one attribute;
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and C) transmitting and/or storing the at least one ticket
assessment outcome so as to facilitate clearing the locate
request ticket and/or dispatching at least one locate technician
to perform the locate and/or marking operation, based at least
in part on the at least one ticket assessment outcome.

[0031] Another embodiment is directed to an apparatus for
assessing complexity of a locate and/or marking operation
requested in a locate request ticket, the locate and/or marking
operation comprising detecting and/or marking a presence or
an absence of at least one underground facility within a dig
area, wherein at least a portion of the dig area is planned to be
excavated or disturbed during excavation activities, the appa-
ratus comprising: at least one communication interface; at
least one memory to store processor-executable instructions;
and at least one processor communicatively coupled to the at
least one memory and the at least one communication inter-
face, wherein, upon execution of the processor-executable
instructions, the at least one processor: A) analyzes ticket
information obtained from the locate request ticket; B)
assigns at least one complexity designation to the locate
request ticket based at least in part on A); and C) controls the
at least one communication interface to transmit, and/or con-
trols the at least one memory to store, the at least one com-
plexity designation so as to facilitate clearing the locate
request ticket and/or dispatching at least one locate technician
to perform the locate and/or marking operation, based at least
in part on the at least one complexity designation.

[0032] Another embodiment is directed to a method, per-
formed in a system comprising at least one processor, at least
one memory, and at least one communication interface, for
assessing complexity of a locate and/or marking operation
requested in a locate request ticket, the locate and/or marking
operation comprising detecting and/or marking a presence or
an absence of at least one underground facility within a dig
area, wherein at least a portion of the dig area is planned to be
excavated or disturbed during excavation activities, the
method comprising: A) analyzing, via the at least one proces-
sor, ticket information obtained from the locate request ticket;
B) assigning, via the at least one processor, at least one
complexity designation to the locate request ticket based at
least in part on A); and C) transmitting via the at least one
communication interface, and/or storing in the at least one
memory, the at least one complexity designation so as to
facilitate clearing the locate request ticket and/or dispatching
at least one locate technician to perform the locate and/or
marking operation, based at least in part on the at least one
complexity designation.

[0033] Another embodiment is directed to at least one non-
transitory computer-readable storage medium encoded with
at least one program including processor-executable instruc-
tions that, when executed by a processor, perform a method
for assessing complexity of a locate and/or marking operation
requested in a locate request ticket, the locate and/or marking
operation comprising detecting and/or marking a presence or
an absence of at least one underground facility within a dig
area, wherein at least a portion of the dig area is planned to be
excavated or disturbed during excavation activities, the
method comprising: A) analyzing ticket information obtained
from the locate request ticket; B) assigning at least one com-
plexity designation to the locate request ticket based at least in
part on A); and C) transmitting and/or storing the at least one
complexity designation so as to facilitate clearing the locate
request ticket and/or dispatching at least one locate technician
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to perform the locate and/or marking operation, based at least
in part on the at least one complexity designation.

[0034] Another embodiment is directed to an apparatus for
assessing risk associated with a locate and/or marking opera-
tion requested in a locate request ticket, the locate and/or
marking operation comprising detecting and/or marking a
presence or an absence of at least one underground facility
within a dig area, wherein at least a portion of the dig area is
planned to be excavated or disturbed during excavation activi-
ties, the apparatus comprising: at least one communication
interface; at least one memory to store processor-executable
instructions; and at least one processor communicatively
coupled to the at least one memory and the at least one
communication interface, wherein, upon execution of the
processor-executable instructions, the at least one processor:
A) analyzes ticket information obtained from the locate
request ticket; B) assigns at least one risk designation to the
locate request ticket based at least in part on A); and C)
controls the at least one communication interface to transmit,
and/or controls the at least one memory to store, the at least
one risk designation so as to facilitate clearing the locate
request ticket and/or dispatching at least one locate technician
to perform the locate and/or marking operation, based at least
in part on the at least one risk designation.

[0035] Another embodiment is directed to a method, per-
formed in a system comprising at least one processor, at least
one memory, and at least one communication interface, for
assessing risk associated with a locate and/or marking opera-
tion requested in a locate request ticket, the locate and/or
marking operation comprising detecting and/or marking a
presence or an absence of at least one underground facility
within a dig area, wherein at least a portion of the dig area is
planned to be excavated or disturbed during excavation activi-
ties, the method comprising: A) analyzing ticket information
obtained from the locate request ticket; B) assigning at least
one risk designation to the locate request ticket based at least
in part on A); and C) transmitting and/or storing the at least
one risk designation so as to facilitate clearing the locate
request ticket and/or dispatching at least one locate technician
to perform the locate and/or marking operation, based at least
in part on the at least one risk designation.

[0036] Another embodiment is directed to at least one non-
transitory computer-readable storage medium encoded with
at least one program including processor-executable instruc-
tions that, when executed by a processor, perform a method
for assessing risk associated with a locate and/or marking
operation requested in a locate request ticket, the locate and/
or marking operation comprising detecting and/or marking a
presence or an absence of at least one underground facility
within a dig area, wherein at least a portion of the dig area is
planned to be excavated or disturbed during excavation activi-
ties, the method comprising: A) analyzing ticket information
obtained from the locate request ticket; B) assigning at least
one risk designation to the locate request ticket based at least
in part on A); and C) transmitting and/or storing the at least
one risk designation so as to facilitate clearing the locate
request ticket and/or dispatching at least one locate technician
to perform the locate and/or marking operation, based at least
in part on the at least one risk designation.

[0037] Another embodiment is directed to an apparatus for
assessing a locate and/or marking operation requested in a
locate request ticket, the locate and/or marking operation
comprising detecting and/or marking a presence or an
absence of at least one underground facility within a dig area,
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wherein at least a portion of the dig area is planned to be
excavated or disturbed during excavation activities, the appa-
ratus comprising: at least one communication interface; at
least one memory to store processor-executable instructions;
and at least one processor communicatively coupled to the at
least one memory and the at least one communication inter-
face, wherein, upon execution of the processor-executable
instructions, the at least one processor: A) in a first stage of
assessment, produces a first assessment outcome at least in
part by analyzing at least some ticket information obtained
from the locate request ticket; B) in a second stage of assess-
ment, produces a second assessment outcome based at leastin
part on the first assessment outcome; and C) controls the at
least one communication interface to transmit, and/or con-
trols the at least one memory to store, at least one of the first
assessment outcome and the second assessment outcome so
as to facilitate clearing the locate request ticket and/or dis-
patching at least one locate technician to perform the locate
and/or marking operation.

[0038] Another embodiment is directed to a method, per-
formed in a system comprising at least one processor, at least
one communication interface, and at least one memory, for
assessing a locate and/or marking operation requested in a
locate request ticket, the locate and/or marking operation
comprising detecting and/or marking a presence or an
absence of at least one underground facility within a dig area,
wherein at least a portion of the dig area is planned to be
excavated or disturbed during excavation activities, the
method comprising: A) in a first stage of assessment per-
formed by the at least one processor, producing a first assess-
ment outcome at least in part by analyzing at least some ticket
information obtained from the locate request ticket; B) in a
second stage of assessment performed by the at least one
processor, producing a second assessment outcome based at
least in part on the first assessment outcome; and C) trans-
mitting via the at least one communication interface, and/or
storing in the at least one memory, at least one of the first
assessment outcome and the second assessment outcome so
as to facilitate clearing the locate request ticket and/or dis-
patching at least one locate technician to perform the locate
and/or marking operation.

[0039] Another embodiment is directed to at least one non-
transitory computer-readable storage medium encoded with
at least one program including processor-executable instruc-
tions that, when executed by a processor, perform a method
for assessing a locate and/or marking operation requested in a
locate request ticket, the locate and/or marking operation
comprising detecting and/or marking a presence or an
absence of at least one underground facility within a dig area,
wherein at least a portion of the dig area is planned to be
excavated or disturbed during excavation activities, the
method comprising: A) in a first stage of assessment, produc-
ing a first assessment outcome at least in part by analyzing at
least someticket information obtained from the locate request
ticket; and B) in a second stage of assessment, producing a
second assessment outcome based at least in part on the first
assessment outcome.

[0040] Another embodiment is directed to an apparatus for
managing information assets used for assessing locate and/or
marking operations requested in locate request tickets, each
locate and/or marking operation comprising detecting and/or
marking a presence or an absence of at least one underground
facility within a dig area, wherein at least a portion of the dig
areais planned to be excavated or disturbed during excavation
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activities, the apparatus comprising: at least one communica-
tion interface; at least one memory to store processor-execut-
able instructions; and at least one processor communicatively
coupled to the at least one memory and the at least one
communication interface, wherein, upon execution of the
processor-executable instructions, the at least one processor:
A) analyzes a record of a completed locate and/or marking
operation; and B) updates, based at least in part on A), at least
one information asset used for assessing locate and/or mark-
ing operations requested in locate request tickets. In one
aspect, the at least one information asset comprises at least
one business rule to be applied to ticket information to obtain
one or more ticket assessment outcomes.

[0041] Another embodiment is directed to a method, per-
formed in a system comprising at least one processor and at
least one memory, for managing information assets used for
assessing locate and/or marking operations requested in
locate request tickets, each locate and/or marking operation
comprising detecting and/or marking a presence or an
absence of at least one underground facility within a dig area,
wherein at least a portion of the dig area is planned to be
excavated or disturbed during excavation activities, the
method comprising: A) analyzing, via the at least one proces-
sor, arecord, stored in the at least one memory, of a completed
locate and/or marking operation; and B) updating, based at
least in part on A), at least one information asset stored in the
at least one memory and used for assessing locate and/or
marking operations requested in locate request tickets. In one
aspect, the at least one information asset comprises at least
one business rule to be applied to ticket information to obtain
one or more ticket assessment outcomes.

[0042] Another embodiment is directed to at least one non-
transitory computer-readable storage medium encoded with
at least one program including processor-executable instruc-
tions that, when executed by a processor, perform a method
for managing information assets used for assessing locate
and/or marking operations requested in locate request tickets,
each locate and/or marking operation comprising detecting
and/or marking a presence or an absence of at least one
underground facility within a dig area, wherein at least a
portion of the dig area is planned to be excavated or disturbed
during excavation activities, the method comprising: A) ana-
lyzing a record of a completed locate and/or marking opera-
tion; and B) updating, based at least in part on A), at least one
information asset used for assessing locate and/or marking
operations requested in locate request tickets. In one aspect,
the at least one information asset comprises at least one busi-
ness rule to be applied to ticket information to obtain one or
more ticket assessment outcomes.

[0043] Forpurposes of the present disclosure, the term “dig
area” refers to a specified area of a work site within in which
there is a plan to disturb the ground (e.g., excavate, dig holes
and/or trenches, bore, etc.), and beyond which there is no plan
to excavate in the immediate surroundings. Thus, the metes
and bounds of a dig area are intended to provide specificity as
to where some disturbance to the ground is planned at a given
work site. It should be appreciated that a given work site may
include multiple dig areas.

[0044] The term “facility” refers to one or more lines,
cables, fibers, conduits, transmitters, receivers, or other
physical objects or structures capable of or used for carrying,
transmitting, receiving, storing, and providing utilities,
energy, data, substances, and/or services, and/or any combi-
nation thereof. The term “underground facility” means any
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facility beneath the surface of the ground. Examples of facili-
ties include, but are not limited to, oil, gas, water, sewer,
power, telephone, data transmission, cable television (TV),
and/or internet services.

[0045] The term “locate device” refers to any apparatus
and/or device for detecting and/or inferring the presence or
absence of any facility, including without limitation, any
underground facility.

[0046] The term “marking device” refers to any apparatus,
mechanism, or other device that employs a marking dispenser
for causing a marking material and/or marking object to be
dispensed, or any apparatus, mechanism, or other device for
electronically indicating (e.g., logging in memory) alocation,
such as a location of an underground facility. Additionally, the
term “marking dispenser” refers to any apparatus, mecha-
nism, or other device for dispensing and/or otherwise using,
separately or in combination, a marking material and/or a
marking object. An example of a marking dispenser may
include, but is not limited to, a pressurized can of marking
paint. The term “marking material” means any material, sub-
stance, compound, and/or element, used or which may be
used separately or in combination to mark, signify, and/or
indicate. Examples of marking materials may include, but are
not limited to, paint, chalk, dye, and/or iron. The term “mark-
ing object” means any object and/or objects used or which
may be used separately or in combination to mark, signify,
and/or indicate. Examples of marking objects may include,
but are not limited to, a flag, a dart, and arrow, and/or an RFID
marking ball. It is contemplated that marking material may
include marking objects. It is further contemplated that the
terms “marking materials” or “marking objects” may be used
interchangeably in accordance with the present disclosure.

[0047] The term “locate mark™ means any mark, sign, and/
or object employed to indicate the presence or absence of any
underground facility. Examples of locate marks may include,
but are not limited to, marks made with marking materials,
marking objects, global positioning or other information,
and/or any other means. Locate marks may be represented in
any form including, without limitation, physical, visible,
electronic, and/or any combination thereof.

[0048] The terms “locate and marking operation,” “locate
operation,” and “locate” are used interchangeably and referto
any activity to detect, infer, and/or mark the presence or
absence of an underground facility. In some instances, the
term “marking operation” is used to more specifically refer to
that portion of a locate operation in which a marking material
and/or one or more marking objects is/are employed to mark
a presence or an absence of one or more underground facili-
ties. The term “locate technician” refers to an individual
performing a locate operation. A locate operation often is
specified in connection with a dig area, at least a portion of
which may be excavated or otherwise disturbed during exca-
vation activities.

[0049] The terms “locate request” and “excavation notice”
are used interchangeably to refer to any communication to
request a locate and marking operation. The term “locate
request ticket” (or simply “ticket”) refers to any communica-
tion or instruction to perform a locate operation. A ticket
might specify, for example, the address or description of a dig
area to be marked, the day and/or time that the dig areais to be
marked, and/or whether the user is to mark the excavation
area for certain gas, water, sewer, power, telephone, cable
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television, and/or some other underground facility. The term
“historical ticket” refers to past tickets that have been com-
pleted.

[0050] It should be appreciated that all combinations of the
foregoing concepts and additional concepts discussed in
greater detail below (provided such concepts are not mutually
inconsistent) are contemplated as being part of the inventive
subject matter disclosed herein. In particular, all combina-
tions of claimed subject matter appearing at the end of this
disclosure are contemplated as being part of the inventive
subject matter disclosed herein. It should also be appreciated
that terminology explicitly employed herein that also may
appear in any disclosure incorporated by reference should be
accorded a meaning most consistent with the particular con-
cepts disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles
of the invention.

[0052] FIG.1 shows anexample in which a locate operation
is initiated as a result of an excavator serving an excavation
notice to a one-call center.

[0053] FIG. 2 shows an example of a ticket management
system, according to some embodiments of the present dis-
closure, comprising a number of software components for
performing various functions, such as parsing incoming
locate request tickets, assessing parsed tickets according to
appropriate business rules, and scheduling and dispatching
locate technicians to perform locate operations.

[0054] FIG. 2A shows an illustrative implementation of a
ticket assessment engine comprising a network of ticket
assessment modules arranged in multiple stages.

[0055] FIG. 3 shows an example of a locate request ticket
that may be received by a ticket management system, accord-
ing to some embodiments of the present disclosure.

[0056] FIG. 4 shows an example of a virtual white lines
(VWL) image associated with a ticket received by a ticket
management system, according to some embodiments of the
present disclosure.

[0057] FIG. 5 shows an illustrative process that may be
performed by a ticket parsing application to convert an
incoming locate request ticket into a parsed ticket, according
to some embodiments of the present disclosure.

[0058] FIG. 6 shows an example in which a ticket assess-
ment engine accesses one or more stored images that have
been processed by a geographic information system, accord-
ing to some embodiments of the present disclosure.

[0059] FIG. 7 shows an example of a facilities map with an
overlaid VWL image, according to some embodiments of the
present disclosure.

[0060] FIG. 8 shows an illustrative set of lookup tables that
may be used by aticket assessment engine, according to some
embodiments of the present disclosure.

[0061] FIG. 9 shows an illustrative process that may be
performed by a ticket assessment engine to selecting the best
available location information and refine the location infor-
mation when necessary, according to some embodiments of
the present disclosure.

[0062] FIG. 10 illustrates an exemplary method for refining
location information, according to some embodiments of the
present disclosure.
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[0063] FIG. 11 shows an illustrative process that may be
performed by a ticket assessment engine to assess the scope of
alocate request ticket, according to some embodiments of the
present disclosure.

[0064] FIG. 12 shows an illustrative process that may be
performed by a ticket assessment engine to assess the com-
plexity of a locate request ticket, according to some embodi-
ments of the present disclosure.

[0065] FIG. 13 shows an illustrative process that may be
performed by a ticket assessment engine to estimate the dura-
tion of a locate request ticket, according to some embodi-
ments of the present disclosure.

[0066] FIG. 14 shows an illustrative process that may be
performed by a ticket assessment engine to compute a risk
measurement associated with a locate request ticket, accord-
ing to some embodiments of the present disclosure.

[0067] FIG. 15 shows an illustrative process that may be
performed by a ticket assessment engine to compute an esti-
mated value for a locate request ticket, according to some
embodiments of the present disclosure.

[0068] FIG. 16A shows an illustrative process that may be
performed by a ticket assessment engine to identify one or
more required and/or recommended pieces of equipment for
performing a requested locate operation, according to some
embodiments of the present disclosure.

[0069] FIG. 16B shows an illustrative process that may be
performed by a ticket assessment engine to identify one or
more requirements and/or recommendations for selecting a
suitable technician to perform a requested locate operation,
according to some embodiments of the present disclosure.
[0070] FIG. 17 shows an illustrative example of a multi-
stage ticket assessment engine having a network of assess-
ment modules.

[0071] FIG. 18 shows an example of a work order that may
be created from an incoming locate request ticket, according
to some embodiments of the present disclosure.

[0072] FIG. 19 shows an illustrative computer that may be
used for improving information management, dissemination,
and utilization in the locate industry and other field service
industries, according to some embodiments of the present
disclosure.

DETAILED DESCRIPTION
1. Overview

[0073] Various embodiments described herein relate to sys-
tems, methods and apparatus for improved information man-
agement, dissemination and utilization in field service opera-
tions in which mobile technicians are dispatched in response
to service requests. In particular, some exemplary embodi-
ments relate to systems, methods and apparatus for automati-
cally and intelligently assessing locate request tickets to pro-
vide information that can be used to improve activity
scheduling, resource allocation, quality control, and/or regu-
latory compliance. While the particular example of locate
request tickets is provided herein primarily for purposes of
illustration, it should be appreciated that the inventive con-
cepts described herein may be more generally applicable to
other types of field service operations.

[0074] As discussed above, the inventors have appreciated
that there is a lack of an established data standard for use
when sharing information among various entities in the locate
industry, such as excavators, one-call centers, facility owners
and locate service providers. As a result, the availability and
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consistency of data may not be always guaranteed. Accord-
ingly, in some exemplary embodiments, a ticket management
system is provided that associates a level of confidence with
atleast some input data to indicate how reliable the datais. For
example, a level of confidence may be assigned to a data unit
as it enters the ticket manage system, so that the propagation
of unreliable information may be limited. In some embodi-
ments, confidence levels may be used to resolve conflicts, so
that information from a more trust-worthy source may be
chosen over information from a less trust-worthy source.
Additionally, multiple related pieces of information may be
compared, and a confidence level may be increased when the
related pieces of information are consistent with each other.
[0075] Insome further embodiments, a ticket management
system is provided that includes a ticket assessment engine
for analyzing incoming locate request tickets. The ticket
assessment engine may be programmed to derive useful
information that is not directly available from the tickets
themselves. A number of different types of assessments may
be performed, including, but not limited to, those listed
below. Furthermore, the different types of assessments may
be performed in one or more stages, where an assessment
outcome from one stage may influence an assessment out-
come at a subsequent stage.

[0076] Location: In location assessment, various loca-
tions of interest may be derived and/or estimated, such as
a location of a work site in which excavation activities
are planned. In some instances, insufficient location
information may be provided in a locate request ticket.
For example, a location description may be vague or
ambiguous (e.g., a street name without any house num-
bers). In other instances, multiple conflicting pieces of
location information may be given (e.g., a street address
and a pair of lat/long coordinates that do not match). In
these situations, additional analysis may be needed to
ascertain the location of the work site. Other examples of
location information that may be assessed include a
location of one or more landmarks at or near the work
site, a location of one or more dig area indicators pro-
vided on a virtual white lines (VWL) image, and the like.

[0077] Scope: In scope assessment, any descriptive
information regarding a requested locate operation may
be analyzed from incoming locate request tickets, such
as information describing the extent and/or nature of the
requested work. For example, the size of a dig area, as
measured in length or in area, may be indicative of the
scope of a requested locate operation. The depth of exca-
vation and the number of different facilities to be located
may also be relevant.

[0078] Complexity: Complexity assessment may iden-
tify one or more aspects of a requested locate operation
that may influence a manner in which the locate opera-
tion is to be conducted. For example, a locate operation
may be classified as high complexity when a high profile
facility asset (e.g., gas pipes and/or fiber-optic commu-
nication cables) is involved or when the work site is in a
restricted access area (e.g., a military base or gated com-
munity). Such a classification may be used, for example,
to determine whether a highly skilled technician and/or
particular/special equipment may be required, and/or
whether a delay in completing the locate operation is
likely.

[0079] Time: Various time-related aspects of a requested
locate operation may be assessed, such as a deadline by
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which the locate operation must be completed and/or an
expected duration (e.g., an expected amount of time
needed to complete the locate operation). In some situ-
ations, the expected duration for a requested locate
operation may be determined based on its estimated
scope (e.g., the number and types of different facilities
involved) and/or complexity (e.g., delays due to access
restrictions, special skills and/or equipment required,
etc.).

[0080] Risk: Risk assessment may include estimating a
measure of damages in an event of an accident (e.g.,
when underground facilities are damaged during exca-
vation due to an improperly or inaccurately performed
locate and/or marking operation). Examples of damages
include, but are not limited to, economic losses, dam-
ages to property, environmental damages, and/or per-
sonal injuries. Certain intangible losses may also be
taken into account, such as loss of customer satisfaction.
In some embodiments, a locate service provider may
wish to assess a level of potential liability for damages in
an accident where the locate service provider is at fault
(e.g., failing to complete a locate operation by a required
deadline or inadequately performing a location opera-
tion). For example, a locate operation involving one or
more main utility lines (e.g., water mains serving an
entire neighborhood) may be considered high risk,
because an accident involving a main utility line may
expose the locate service provider to a large range of
damages. By contrast, a locate operation involving only
service lines (e.g., utility lines leading to a customer’s
premise) may be considered low risk, because the poten-
tial scope of damages may be relatively small in an
accident involving a service line.

[0081] Value: Value assessment may be performed
according to different measures of value. For instance,
value assessment may be performed from the perspec-
tive of a locate service provider based on business value
created by performing a locate operation. In some
embodiments, such business value may simply be the
revenue collected for the locate operation. In other
embodiments, a measure of net profit may be used,
where various operating costs may be subtracted from
the revenue. For example, a measure of profit may take
into account information from one or more contracts
established between a locate service provider and a
facilities owner (or some other entity contracting with
the locate service provider to perform locate operations).
Examples of contractual information include, but are not
limited to, contractual provisions specifying bonuses
and/or penalties for certain tickets. In some further
embodiments, a more sophisticated measure such as
value at risk may be used.

[0082] Resource: Resource assessment may include
identifying one or more resources (e.g., equipment and/
or personnel) needed to adequately perform a requested
locate operation. In some embodiments, resource
assessment may identify a personnel skill level or certi-
fication required to perform a locate operation. For
example, in some jurisdictions, only a technician with
gas certification may be dispatched to perform a locate
operation involving gas pipes. In another example, per-
sonnel skill level may encompass both long term mea-
surements, such as years of experience, and short term
measurement, such as recent performance evaluations.
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In some further embodiments, resource assessment may
identify one or more tools and/or pieces of equipment
required or recommended for a locate operation. For
example, if a locate request ticket indicates that one or
more gas facilities are to be located, a gas detection tool
may be required or recommended. In some instances,
one or more contracts established between a locate ser-
vice provider and a facilities owner (or some other entity
contracting with the locate service provider to perform
locate operations) may specify particular tools/equip-
ment requirements for some types of locate operations.
[0083] The inventors have appreciated that the assessment
outcomes provided by a ticket assessment engine may be used
to improve various aspects of the business operations of a
locate service provider, such activity scheduling, resource
allocation, quality control, and/or regulatory compliance. In
some embodiments, the ticket assessment engine may be
programmed to provide an estimated measurement, ranking,
score, classification and/or some other suitable value for each
of'the assessment targets listed above, or any other desirable
assessment targets. These outcomes may then be input into
one or more other components of the ticket management
system, for example, an activity scheduling application, a
ticket review application for quality control and training,
and/or a customer billing application.
[0084] The ticket assessment engine may access various
information sources in order to produce the desired assess-
ment outcomes. For example, the ticket assessment engine
may make use of facility plats available from the facility
owners to determine whether certain geographical areas
should be classified as high risk or high complexity areas. As
another example, the ticket assessment engine may access a
database containing past damage reports to determine
whether a given excavator has a history of frequent and/or
costly damages. As yet another example, the ticket assess-
ment engine may access a database containing information
regarding previously completed tickets to search for notes
and/or remarks regarding a given geographical location.
[0085] The inventors have further appreciated that various
types of ticket assessment may be carried out by an entity
other than a locate service provider, such as a facilities owner,
an excavator, a one-call center, a community (e.g., city, town,
village, and/or other form of municipality) and/or an insur-
ance company. These entities may perform ticket assessment
based on their own interests and concerns. For instance, in
assessing potential damages in an event of an accident, a
facilities owner may take into account loss of customer sat-
isfaction dueto service interruption, which may in turn lead to
economic losses for the facilities owner (e.g., customer can-
celing service contract). As another example, a facilities
owner may assess the complexity of a requested locate and/or
marking operation and determine whether it may be desirable
to dispatch its own personnel to monitor the operation. In
some instances, the facilities owner may even decide to dis-
patch its own personnel to perform the requested operation,
instead of a locate technician dispatched by a locate service
provider. As yet another example, a facilities owner or regu-
latory body may use ticket assessment to identify high risk
locate and/or marking operations that may require auditing
prior to excavation, to ensure that the locate service provider’s
technicians have adequately performed the operations.
[0086] Following below are more detailed descriptions of
various concepts related to, and embodiments of, inventive
systems, methods and apparatus for improved information
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management, dissemination and utilization in field service
applications and, in particular, for assessing locate request
tickets. It should be appreciated that various concepts intro-
duced above and discussed in greater detail below may be
implemented in any of numerous ways, as the disclosed con-
cepts are not limited to any particular manner of implemen-
tation. For instance, the present disclosure is not limited to the
particular arrangements of components shown in the various
figures, as other arrangements may also be suitable. Such
examples of specific implementations and applications are
provided primarily for illustrative purposes.

[0087] Generic terms such as “engine,” “application” or
“module” may be used herein when referring to one or more
of'software components of a ticket management system. Such
terms should not be interpreted as being limiting in any way.
Also, each of the software components described herein may
be implemented in any suitable way, for example, as proces-
sor-executable instructions stored in at least one physical
storage device (e.g., a non-volatile memory device and/or a
volatile memory device) of a general purpose computer or
some other suitable hardware system. The general purpose
computer or hardware system may comprise at least one
hardware processor for executing the instructions stored in
the physical storage device, and may further comprise at least
one input/output (I/O) interface for receiving inputs from
input sources or devices and for sending outputs to output
recipients or devices. In some embodiments, the hardware
processor on which a software component executes may be in
a mobile or portable device, such as a mobile telephone,
personal digital assistant, a marking device (e.g., for spray
painting lines or other marks on the ground), or any other type
of mobile or portable device.

II. System Architecture and Components

[0088] FIG. 2 shows an example of a ticket management
system 200 comprising a number of software components for
performing various functions, such as parsing incoming
locate request tickets, assessing parsed tickets according to
appropriate business rules, and scheduling and dispatching
locate technicians to perform locate operations. Generally,
the ticket management system 210 may be a management
software application run by a locate service provider, such as
the locate service provider 130 shown in FIG. 1, although this
is not required.

[0089] Inthe embodiment shown in FIG. 2, the ticket man-
agement system 200 receives locate request tickets 205 from
one or more suitable sources, such as the one-call center 120
shown in FIG. 1. Each ticket typically includes one or more
text strings describing various parameters of the requested
locate operation, such as time, location and types of facilities.
Insome instances, one or more images depicting the work site
and/or dig area may also be attached to the ticket. For pur-
poses of the present disclosure, “ticket information™ refers
generally to any information included in or derived from
locate request tickets (e.g., as issued by a one-call center).
[0090] Depending on the originating one-call centers, dif-
ferent types of information may be stored in the text portions
of the tickets 205 in different formats. Therefore, a ticket
parser 210 may be provided, which may be programmed to
recognize an origin of a ticket 205 and perform the parsing
accordingly to output a parsed ticket 215. The parsed ticket
215 may be created according to a standardized ticket format,
which may be any suitable set of rules or conventions for
representing and organizing data, designed to facilitate effi-
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cient handling of data by various software components. For
example, the standardized format may be an Extensible
Markup Language (XML) format. Further details regarding
ticket parsing are described below in connection with FIG. 5.
[0091] Inthe embodiment shown in FIG. 2, ticket informa-
tion, which may include one or more of the original ticket
205, the parsed ticket 215, and any images of the work site
and/or dig area that may have been attached to or otherwise
included with the ticket 205, is stored in a ticket database 220.
The ticket database 220 may be any substantially persistent
storage of data, for example, a relational database that is
created and maintained using a suitable database software.
The relational database may store relationships between
excavation companies, one-call centers, facility owners,
locate service providers, facilities maps, locate request tick-
ets, and the like.

[0092] Any stored ticket information, including the parsed
ticket 215, along with any associated images, may be
retrieved from the ticket database 220 in a suitable manner
and supplied to a ticket assessment engine 230 for processing
and analysis. In some instances, the ticket assessment engine
230 may identify one or more prerequisite activities that must
be completed before the requested locate operation can be
undertaken. For example, the ticket assessment engine 230
may determine, based on the received ticket information, that
a safety personnel must be dispatched to ensure that a man-
hole is clear of any hazardous gases before a locate technician
may enter the manhole to perform a requested locate opera-
tion, or that a vacuum truck is to be dispatched to dig one or
more potholes before a locate technician can begin a
requested locate operation. Such prerequisite tasks may be
performed by different work crews (e.g., with different equip-
ment and/or skill sets) and may be scheduled separately from
the requested locate operation.

[0093] As another example, the ticket 205 (and hence ticket
information derived therefrom) may be related to a so-called
“project ticket,” which is a request for a locate operation that
may encompass an appreciably large linear distance or geo-
graphic area, and hence may require a significant number of
hours to complete (e.g., the work site may be several miles
along a highway, or may include an entire housing develop-
ment complex). The ticket assessment engine 230 may break
up such a project in a suitable manner into multiple work
orders (e.g., work orders 235A-C) and assess the ticket infor-
mation accordingly (e.g., producing separate assessment out-
comes for each individual work order). When appropriate,
subsequent processing such as scheduling and dispatch may
also be performed on a per work order basis.

[0094] In the embodiment shown in FIG. 2, the ticket
assessment engine 230 applies an appropriate set of business
rules 240 to evaluate ticket information. For example, there
may be different business rules for assessing each of the
following aspects: location, scope, complexity, time, risk,
value, and/or resource. Exemplary business rules for some of
these aspects are described in greater detail below in connec-
tion with FIGS. 9-16 and Tables 1-26. However, it should be
appreciated that the present disclosure is not limited to the
specific business rules discussed herein. For example, a busi-
ness rule engine (not shown) may be used to allow business
users to dynamically modify existing business rules and/or
define new rules.

[0095] Asdiscussed above, ticket assessment implemented
by the ticket assessment engine 230 may proceed in one or
more stages, where an assessment outcome from one stage
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may be an input to a subsequent stage of assessment. Accord-
ingly, in some embodiments, the ticket assessment engine
230 may comprise one or more modules arranged in multiple
stages, where each module may assess a different aspect of
the requested locate operation. For instance, in one exemplary
embodiment, the ticket assessment engine 230 may comprise
multiple modules for assessing, respectively, location, scope,
complexity, time, risk, value, and/or resource. Each module
may implement a corresponding set of business rules, such as
the business rules shown in Tables 1-26, and different mod-
ules may implement the corresponding set of business rules at
different assessment stages within the engine 230. Examples
of a ticket assessment engine 230 based on multiple assess-
ment modules are described in greater detail below in con-
nection with FIGS. 2A and 19.

[0096] In applying the business rules 240 to assess the
ticket information, the ticket assessment engine 230 may rely
on auxiliary input information such as facilities maps, past
damage reports, excavator history, traffic, weather, and the
like. These pieces of information may be accessed as needed
from an auxiliary information storage 250, which may
include one or more databases and/or lookup tables.
Examples of various types of auxiliary input information used
by the ticket assessment engine 230 are described in greater
detail below in connection with FIGS. 6-8.

[0097] In the embodiment shown in FIG. 2, the ticket
assessment engine 230 provides as an exemplary output one
or more work orders 235A-C and populates the work order(s)
with corresponding “assessment outcomes.” An assessment
outcome may be a numeric value (which may have any of a
variety of possible units of measure, or no particular unit of
measure, and may or may not be based on some range or
scale), one or more symbols or alpha-character indicators
(e.g., Y/N for “yes/no,” T/F for “true/false,” H/M/L. for
“high,” “medium,” “low,” etc.), and/or one or more words/
phrases. The ticket assessment engine 230 may output one or
more assessment outcomes per ticket analyzed, such that a set
of assessment outcomes are provided per ticket. As noted
above in Section I, exemplary categories of assessment out-
comes include, but are not limited to, scope, complexity,
duration, risk, value, and resources. The populated work
orders may then be forwarded to any number of components
in the ticket management system 200. For example, the popu-
lated work orders may be forwarded to a scheduling and
dispatch application 260, which may allocate an appropriate
technician to each work order based on at least some of the
assessment outcomes, such as estimated duration, estimated
value and/or resource requirements. Alternatively, the popu-
lated work orders may be stored in a database that can be
accessed by one or more components in the ticket manage-
ment system 200.

[0098] It should be appreciated that the ticket assessment
engine 230 may be implemented in any suitable manner, as
the present disclosure is not limited in this respect. In some
embodiments, the ticket assessment engine 230 may be
implemented using Windows Workflow Foundation (WF),
which is a Microsoft® technology for defining, executing,
and managing workflows. For example, a workflow definition
may be loaded for assessment from a .xml file, using rules
loaded from a .rules file. When a new ticket is ready for
assessment, a new instance of the workflow may be instanti-
ated in a new WF thread. At the completion of successful
ticket assessment, the assessment runtime may update the
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system database with the calculated output and mark the
ticket as ready for scheduling.

[0099] The ticket assessment outcomes may be used by the
scheduling and dispatch application 260 in any suitable man-
ner, as the present disclosure is not limited in this respect. In
some embodiments, a value assessment outcome may be used
as a weighting factor. For example, a ticket that is assessed as
having high value may be weighted to encourage the sched-
uling and dispatch application 260 to dispatch the ticket ahead
of'other tickets that are assessed as having lower values. A risk
assessment outcome may be used in a similar fashion, to
encourage the dispatch of higher risk tickets ahead of lower
risk tickets. This may provide for more opportunities for
review and quality assessment for the higher risk tickets.
[0100] In some further embodiments, a resource assess-
ment outcome may be used by the scheduling and dispatch
application 260 as a constraining factor in assigning techni-
cians and/or equipment to tickets. For example, a ticket may
be assessed as requiring a gas-certified, skill level 4 (GAS/4)
locate technician. This may be used as a hard constraint, so
that only locate technicians with GAS/4 or higher certifica-
tion may be assigned to the ticket. Alternatively, the skill
attribute may be used as a soft constraint, so that the ticket
may be assigned to a lesser qualified locate technician only if
a locate technician with GAS/4 or higher certification is not
available. In such a situation, appropriate business rules may
be implemented by the scheduling and dispatch application
260 to determine whether any potential negative effects (such
as increased risk, increased duration, and/or decreased prof-
itability) are outweighed by the potential benefits of complet-
ing the requested locate operation earlier.

[0101] In yet some further embodiments, the scheduling
and dispatch application 260 may determine, based on one or
more ticket assessment outcomes, that it is unnecessary to
dispatch any technician to perform a requested locate and/or
marking operation. For example, a scope assessment out-
come may indicate a number and/or a type of facilities to be
located as represented in the locate request ticket. In some
instances, amongst the facilities noted in the ticket, there may
be no underground facilities implicated (e.g., because the
work site is located in a rural area that has only aerial power
and phone lines and no underground gas pipes); in this case,
the scope assessment outcome may indicate zero facilities of
an underground type. As another example, a risk assessment
outcome may indicate a low risk associated with the
requested locate and/or marking operation (e.g., because all
relevant facilities maps suggest that the closest underground
facilities are at least some threshold distance away from a
specified dig area). In these and similar situations, the locate
request ticket may be flagged for an “office clear” (i.e., clear-
ing the ticket without dispatching any locate technician to the
work site), which may yield a higher profit margin for the
locate service provider than a ticket for which a technician is
dispatched. In some embodiments, the office clear may be
performed automatically by analyzing the dig area (e.g., its
shape, size, and/or location) against one or more relevant
facilities maps. Alternatively, the office clear may be per-
formed manually or semi-automatically, where a human
operator screens the ticket to confirm that no underground
facilities are likely present in the dig area.

[0102] When a technician reports the completion of a work
order, the scheduling and dispatch application 260 may for-
ward the work order to a quality control application 270,
along with any activity logs and/or technician reports. The
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quality control application 270 may determine whether the
work order has been adequately responded to, for example, by
checking the activity logs to determine whether every facility
type listed on the work order is accounted for. The quality
control application 270 may also be programmed to present a
user interface through which human supervisors may review
the completed work order and determine whether the techni-
cian is in need of additional training in any particular area.
Examples of manual, semi-automated and automated quality
assessment techniques that may be suitable for implementing
the quality control application 270 of the ticket management
system 200 may be found in one or more of the following
references, each of which is incorporated herein by reference:
[0103] U.S. patent application Ser. No. 12/493,109, filed on
Jun. 26, 2009, entitled “Methods and Apparatus for Quality
Assessment of a Field Service Operation;”

[0104] U.S. patent application Ser. No. 12/557,732, filed on
Aug. 7, 2009, entitled “Methods and Apparatus for Quality
Assessment of a Field Service Operation Based on Geo-
graphic Information;”

[0105] U.S. patent application Ser. No. 12/571,356, filed on
Sep. 30, 2009, entitled “Methods and Apparatus for Analyz-
ing Locate and Marking Operations with Respect to Facilities
Maps;”

[0106] U.S. patent application Ser. No. 12/572,202, filed on
Oct. 1, 2009, entitled “Methods and Apparatus for Analyzing
Locate and Marking Operations with Respect to Historical
Information;”

[0107] U.S. patent application Ser. No. 12/568,087, filed on
Sep. 28, 2009, entitled “Methods and Apparatus for Generat-
ing an Electronic Record of Environmental [.andmarks Based
on Marking Device Actuations;”

[0108] U.S. patent application Ser. No. 12/572,260, filed on
Oct. 1, 2009, entitled “Methods and Apparatus for Analyzing
Locate and Marking Operations with Respect to Environmen-
tal Landmarks;” and

[0109] U.S. patent application Ser. No. 12/703,809, filed on
Apr. 14, 2010, entitled “Marking Apparatus Equipped with
Ticket Processing Software for Facilitating Marking Opera-
tions, and Associated Methods.”

[0110] Because of a high volume of work orders processed
by a locate service provider, it may in some situations be
infeasible for every work order to receive a quality assess-
ment, especially one that requires human review. Accord-
ingly, in some embodiments, one or more assessment out-
comes may be used to filter the completed work orders to
identify those work orders that may require specific quality
assessment involving human review. For instance, a risk
assessment outcome may be used to filter out low- or
medium-risk work orders, so that only high-risk work orders
are submitted for human review. In case a numerical measure
ofrisk is used, a suitable threshold may be selected to identify
high-risk work orders. Alternatively, a combination of assess-
ment outcomes may be used for filtering. For example, one or
more filtering rules may be applied to any suitable combina-
tion of assessment outcomes (e.g., location, scope, complex-
ity, time, risk, value and/or resource) to identify candidate
work orders for human review. As a more specific example, a
filtering rule may take into account any suitable combination
of'the following information: one or more types of facilities to
be located, client identity (e.g., identity of a facilities owner),
type of excavation to be carried out subsequent to the locate
operation, excavator identity, damage history for a geographi-
cal area encompassing the work site, and damage history
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associated with the client and/or excavator. Other types of
information may also be taken into account, as the inventive
concepts described herein relating to filtering are not limited
to any specific examples of filtering criteria.

[0111] The scheduling and dispatch application 260 may
also forward the completed work order to a billing application
280, which may apply various billing rules to calculate a fee
to be billed to each customer. For example, the billing appli-
cation may use the activity logs to determine the amount of
time the technician spent on each facility type and compute a
fee accordingly to be billed to that facility owner.

[0112] Insomeembodiments, the ticket assessment system
200 may further include a feedback mechanism, such as a
backend assessment module 290. As shown in FIG. 2, the
backend assessment module 290 may monitor completed
work orders received from the scheduling and dispatch appli-
cation 260 and send appropriate updates to various other
components of the ticket management system 200. For
example, the backend assessment module 290 may maintain
statistical information regarding the completed work orders
and provide the statistical information to a business rule
engine (not shown), which may update the business rules 240
accordingly. Similarly, the backend assessment module 290
may provide updates to some of the historical information
stored in the auxiliary information storage 250.

[0113] Insome instances, a work order may be closed by a
technician for reasons other than having completed the
requested location operation. For example, the technician
may be unable to gain access to a work site, or may discover
significant discrepancy between the dig area description and
the actual dig area. The technician may then close the current
work order and request that a new work order be generated.
Upon detecting such a situation, the backend assessment
module 290 may generate an appropriate new work order,
e.g., with more accurate work site and/or dig area informa-
tion, and submit it to the scheduling and dispatch application
260 for re-dispatch.

[0114] Additionally, the backend assessment module 290
may be adapted to receive information from the quality con-
trol application 280. For example, upon reviewing a com-
pleted work order via the quality control application 280, a
human supervisor may discover a significant problem and
may determine that a re-mark or re-stake operation is neces-
sary. This information may be provided to the backend assess-
ment module 290, which may generate a new work order
accordingly and perform appropriate updates to the informa-
tion stored in the auxiliary information storage 250.

[0115] Turning now to FIG. 2A, an illustrative implemen-
tation of a ticket assessment engine (e.g., the ticket assess-
ment engine 230 of FIG. 2) is shown, comprising a network of
ticket assessment modules arranged in multiple assessment
stages. In this example, there are N different stages of assess-
ment within the assessment engine, numbered 1 through N.
Each stage may include one or more assessment modules
(e.g., labeled in FIG. 2A as “Assessment 1-A,” “Assessment
1-B,” “Assessment N-A;” etc.), wherein each module com-
prises a corresponding set of business rules (e.g., business
rules 240 in FIG. 2) that are used to assess various elements of
ticket information. To this end, each module may receive as
input one or more of the following: ticket information 225,
auxiliary information 255, (e.g., facilities maps, stored
images, historical records, environmental data and/or lookup
tables), and/or one or more assessment outcomes from one or
more previous stages of assessment.



US 2011/0040589 Al

[0116] For instance, as illustrated in FIG. 2A, a first stage
assessment (Stage 1 Assessment) may include two modules,
Assessment 1-A and Assessment 1-B, each receiving ticket
information and auxiliary information as input. Assessment
1-A may produce Outcome 231, which may be fed into a
Stage 2 Assessment module, Assessment 2-A. Assessment
1-B may produce Outcome 232, which may also be fed into
Assessment 2-A. Furthermore, Outcome 232 may be used at
an even later stage of assessment, e.g., at Assessment N-A.
Further still, Outcome 232 may be output by the ticket assess-
ment engine as a “final” assessment outcome. In this respect,
Outcome 231 produced by Assessment 1-A may be an “inter-
mediate” assessment outcome, in that it is used only inter-
nally, by other assessment modules, and is not output by the
ticket assessment engine.

[0117] Inaddition to receiving Outcome 231 and Outcome
232, produced respectively by the modules Assessment 1-A
and Assessment 1-B, Assessment 2-A may access other infor-
mation, such as the ticket information 225 input to the ticket
assessment engine and/or auxiliary information 255 acces-
sible to the ticket assessment engine. The output of Assess-
ment 2-A, namely, Outcome 233, may be output by the ticket
assessment engine as a final outcome, and may be fed into a
later stage assessment module, e.g., Assessment N-A. Finally,
Assessment N-A may produce Outcome 234 based on inputs
from different stages of assessment, e.g., Outcome 232 and
Outcome 233.

[0118] Although some specific arrangements of assess-
ment modules are shown in FIG. 2A, it should be appreciated
that those arrangements are merely illustrative. Other suitable
arrangements may also be used, as the present disclosure is
not limited in this respect. Also, any suitable types of assess-
ment may be implemented by the assessment modules,
including, but not limited to, scope, location, complexity,
risk, value, time and/or resource. A more specific illustrate
example of a multi-stage ticket assessment engine is dis-
cussed in greater detail below, in connection with FIG. 17.

1II. Exemplary Locate Request Ticket

[0119] FIG. 3 shows an example of a locate request ticket
300 that may be received by the ticket management system
200, for example, via email from the one-call center 120
shown in FIG. 1. The ticket 300 may contain various pieces of
information stored in a number of fields, including:

[0120] Ticket number 302. A ticket type (e.g., new, emer-
gency, re-mark or survey) may also be indicated

[0121] Location information 304A (e.g., street address,
nearby cross streets, subdivision, city and/or county)
and 304B (e.g., lat/long coordinates provided in decimal
degrees). Although not shown, location information
may also include coordinates for one or more dig area
indicators on a VWL image associated with the ticket.

[0122] Excavation information 306, including reason
(e.g., installing conduit), scope (e.g., 392 feet), depth
(e.g., 18-30 inches), method (e.g., by drill and trencher)
and property type (e.g., private property).

[0123] Timing information 308, including scheduled
excavation date and time (e.g., Jan. 6, 2008 at 7:00 a.m.),
duration of excavation (e.g., 3 days), and due date for the
corresponding locate operation request (e.g., Jan. 5,
2008). Although not shown, timing information may
also include a scheduled end date and time for the exca-
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vation activities, and/or a date and time after which
locate marks may expire and a re-mark operation may be
needed.

[0124] Excavator information 310, including name,
address, contact information such as business and/or
mobile phone number, fax number and email address,
and the party who contracted the excavator (e.g., as
indicated in the “Work Being Done For” field). Although
not show, excavator information may also include a user
identifier for the excavator (e.g., a login name used by
the excavator to create the ticket via a one-call center’s
web site).

[0125] One-call center information 312, including the
date and time at which the ticket was created and the
customer service representative who created the ticket.
Although not shown, one-call center information may
also include a one-call center identification (e.g., an
alphanumeric identifier for the one-call center that cre-
ated the ticket) and/or information identifying a method
of entry for the ticket (e.g., by phone or email, or via a
web site).

[0126] Member codes 314, indicating the different types
of facilities that need to be located and/or the facilities
owners that are notified of the ticket.

[0127] It should be appreciated that the above list of infor-
mation elements is merely illustrative, as other combinations
of information elements may also be suitable. For example,
when preparing a locate request ticket, a one-call center may
draw a polygon on a map corresponding to the work site. This
polygon may be overlaid onto one or more facilities maps to
determine which types of facilities are implicated. For
example, a facility type (or owner) may be indicated on the
locate request ticket in the member code section 314 if and
only if at least one utility line of that type (or owner) touches
or intersects with the polygon. In some instances, the one-call
center may provide the coordinates for the vertices of the
polygon in the locate request ticket, along with other infor-
mation describing the location and boundaries of the work
site and/or dig area.

[0128] As another example, the ticket may include locate
instructions provided by an excavator who initiated the ticket,
which may be in the form of free text. As yet another example,
the ticket may include information indicating whether the
planned excavation activities include any boring (e.g., on a
street, driveway and/or sidewalk) and/or blasting. As yet
another example, the ticket may indicate whether a permit has
been obtained for a related construction project (e.g., install-
ing a swimming pool or building a foundation for a structure).
[0129] In some embodiments, one or more images or
graphical representations of the work site and/or dig area may
be attached to the ticket 300. For instance, a so-called virtual
white lines (VWL) image may be attached, which may con-
tain a digital image of the work site including the dig area (or
some other suitable digital data representing the geographic
location of the dig area) along with electronic annotations
delimiting the dig area.

[0130] An example of a VWL image 400 is shown in FIG.
4. As shown, the dig area is indicated on an aerial image by a
set of dashed lines 410 forming a rectangle. The lines 410 are
more generally referred to as “dig area indicators,” which
may be any electronically generated markings indicating a
point, line, path and/or area of the planned excavation.
[0131] Insome embodiments, the VWL image 400 may be
created by the excavator using a suitable VWL application
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(not shown), such as those described in U.S. patent applica-
tion Ser. No. 12/050,555 and U.S. Provisional Patent Appli-
cation No. 61/151,769 and No. 61/151,815, all of which are
incorporated by reference herein in their entireties. For
example, the excavator may use the VWL application to
obtain an aerial image of a geographical location encompass-
ing the planned dig area and use a drawing tool of the VWL
application to add the dig area indicators 410 to the aerial
image.

IV. Ticket Parsing

[0132] As discussed above, locate request tickets originat-
ing from different one-call centers may store information in
different formats (e.g., different one-call centers may use
different commercial software to generate locate request tick-
ets). Therefore, a ticket parsing application, such as the ticket
parser 210 shown in FIG. 2, may be used to convert incoming
tickets to a standardized format recognized by various com-
ponents within a ticket management system.

[0133] FIG. 5 shows an illustrative process 500 that may be
performed by a ticket parsing application to convert an
incoming locate request ticket into a parsed ticket.

[0134] At act 502, the ticket parsing application may iden-
tify a source or origin of an incoming ticket (e.g., a particular
one-call center that generated the incoming ticket). This may
be accomplished in a number of different ways. For example,
the ticket parsing application may simply search the ticket to
determine whether the originating one-call center is identified
in the ticket itself. Alternatively, if the ticket is received via
email, the ticket parsing application may identify the origi-
nating one-call center by examining the sender’s email
address. As yet another example, the ticket parsing applica-
tion may search the ticket for some indication of a geographic
area to which the work site belongs (e.g., a city or town name)
and identify a one-call center serving that geographic area.
[0135] At act 504, the ticket parsing application may
retrieve or otherwise identify a set of parsing rules corre-
sponding to the one-call center identified at act 502. The
parsing rules may allow the ticket parsing application to
detect the locations of various information elements within
the incoming ticket. In some instances, the information ele-
ments may be stored in respective fields in the incoming
ticket. There may be a fixed ordering among the various
fields, and each field may be a text block (e.g., an alphanu-
meric character string) of a fixed length. Thus, each field or
text block may be found at a corresponding fixed offset from
the beginning of the incoming ticket. Alternatively, some of
the fields may have variable lengths, and one or more desig-
nated markers may be used to demarcate the end of a field (or
the beginning of the next field). In that case, the ticket parsing
application may locate and process the various fields in a
sequential fashion.

[0136] At acts 506 and 508, the ticket parsing application
may identify an information element (e.g., a text block) that
has not be processed and proceed to extract information from
the identified information element. For example, for a text
block corresponding to an address field, the ticket parsing
application may simply copy the entire string from the text
block. Some minor transformations may be performed at act
510, such as truncating a street name that exceed a predeter-
mined maximum length. More significant transformations
may also be performed. For example, the ticket parsing appli-
cation may be programmed to recognize alphanumeric codes
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and/or abbreviations specific to each one-call center and map
those codes and/or abbreviations to some suitable standard
representations.

[0137] Atact 512, the ticket parsing application may popu-
late appropriate fields in the parsed ticket with the informa-
tion obtained at acts 506 and 508. Then, at act 514, the ticket
parsing application may determine whether there is at least
one unprocessed information element in the incoming ticket.
If the determination is positive, the ticket parsing application
may return to act 506 to identify a next unprocessed informa-
tion element. Otherwise, the ticket parsing application may
end the process 500, and the parsed ticket may be forwarded
to aticket assessment engine for further processing and analy-
sis.

[0138] It should be appreciated that the process 500 for
parsing an incoming ticket is merely illustrative. Depending
on the one-call centers’ actual practices, other processes and
methods may also be suitable for converting an incoming
locate request ticket to a standardized format.

V. Auxiliary Information Sources

[0139] As discussed above in connection with FIG. 2, the
ticket assessment engine 230 may access various types of
auxiliary information from the auxiliary information storage
250 in order to produce the desired assessment outcomes. For
example, as shown in FIG. 6, the assessment engine 230 may
retrieve one or more stored images 605 from the auxiliary
information storage 250, along with any associated metadata
(e.g., geospatial metadata). As discussed in greater detail
below, the stored images 605 may be created or modified by
a geographic information system (GIS) 610 based on one or
more input images 615.

[0140] For purposes of the present disclosure, an input
image 615 may be represented by any source data that, when
processed electronically by a suitable computer system,
enables the computer system to display an image on a display
device. This source data may be in any of a variety of suitable
computer-readable formats, including PDF, JPG, BMP, GIF,
PNG and the like.

[0141] Insome instances, the source data for an image may
be generated by scanning a tangible two-dimensional image
source, such as paper or cloth. Alternatively, the source data
may be generated by an image acquisition device as the result
of acquiring a “real-world” scene. Examples of an image
acquisition device include a digital camera (either still-frame
orvideo), which may generate pixel information as part of the
source data for an image. An image acquisition device may
also be a laser scanning device that scans three-dimensional
objects to produce coordinate information in a three-dimen-
sional space.

[0142] The following is a non-exhaustive list of exemplary
input images (or source data) using which the GIS 610 may
create or modify the stored images 605.

[0143] Manual “free-hand” paper sketches of a geo-
graphic area, which may include one or more buildings,
natural or man-made landmarks, property boundaries,
streets, intersections and/or public works or facilities
such as street lighting, signage, fire hydrants, mail
boxes, parking meters, etc.

[0144] Various maps indicating surface features and/or
extents of geographical areas, such as street/road maps,
topographical maps, military maps, parcel maps, tax
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maps, town and county planning maps, polygon maps
maintained by one-call centers and/or facility owners,
virtual maps, etc.

[0145] Facilities maps illustrating installed underground
facilities, such as gas, power, telephone, cable, fiber
optics, water, sewer, drainage, etc. Street-level features
or landmarks (e.g., streets, buildings, aboveground
facilities, etc.) may also be indicated in relation to the
depicted underground facilities. Facilities maps may be
provided in paper and/or electronic form and may be
maintained by, for example, one or more facility owners.
For example, a gas company may maintain maps of gas
lines, a power company may maintain maps of power
lines, and so on.

[0146] Architectural, construction and/or engineering
drawings and virtual renditions of a space/geographic
area, including “as built” and/or post-construction draw-
ings.

[0147] Land surveys, which are plots produced at ground
level using references to fixed points such as the center
line of a street to indicate the metes and bounds of a
building, parcel, utility, roadway, or other object or
installation, as well as other related location data.

[0148] Photographic renderings/images, including street
level, topographical, satellite, and aerial photographic
renderings/images, any of which may be updated peri-
odically to capture changes in a given geographic area
over time (e.g., seasonal changes such as foliage density,
which may variably impact the visibility of some fea-
tures in the geographic area).

[0149] A grid (e.g., a pattern of horizontal and vertical
lines) used as a reference to provide representational
geographic information, which may be added as an over-
lay to an acquired “real world” scene, a drawing, a map,
etc.

[0150] “Bare” data representing geo-encoded informa-
tion (e.g. lat/long coordinates identifying one or more
points), which may be used to construct a virtual image
without having captured any “real-world” scene. Such
“bare” data may be in any of a variety of computer-
readable formats, including XML.

[0151] In accordance with some embodiments, input
images or source data such as those listed above may be
analyzed and/or manipulated by the GIS 610 shown in FIG. 6.
For example, the GIS 610 may be programmed to “geotag” an
input image by associating geospatial metadata with features
in the input image. The geospatial metadata may include any
suitable combination of lat/long coordinates, altitude, bear-
ing, place names, etc. As another example, the GIS 610 may
be programmed to create a computer-aided design (CAD)
drawing showing aboveground and/or underground facilities
installed in a geographic area, and to associate geospatial
metadata with at least some of the facilities shown on the
drawing. As yet another example, the GIS 610 may be pro-
grammed to align two geotagged images, for example, by
scaling one or both of the images and aligning one or more
reference points. This process is sometimes referred to as
“georeferencing,” and may be useful in combining one or
more facilities maps showing different types of facilities
installed in the same geographic area.

[0152] Thus, the GIS 610 may provide a framework for
manipulating and displaying images in ways that may facili-
tate a variety of location-related analyses. As shown in FIG. 6,
the ticket assessment engine may be adapted to invoke one or
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more services provided by the GIS 610. For example, the
assessment engine may submit a geotagged VWL image
(e.g.,the VWL image 400 shown in FIG. 4) to the GIS 610 and
request that the dig area indicators (e.g., the dig area indica-
tors 410) be shown on a facilities map. Upon receiving the
request, the GIS 610 may obtain a relevant facilities map, for
example, by retrieving one or more existing maps from the
auxiliary information storage 250 and combing them if nec-
essary, or by creating a CAD drawing showing all facilities
known to be present in the geographic area shown on the
VWL image 400. The GIS 610 may then render the dig area
indicators 410 as an overlay on the facilities map based on the
geospatial metadata associated with the VWL image and the
facilities map. An example of the resulting facilities map 700
with the dig area indicators 410 is shown in FIG. 7.

[0153] Images are merely one example of a variety of dif-
ferent types of information that may be used by a ticket
assessment engine. Another example is a set of lookup tables,
such as the lookup tables 800 shown in FIG. 8. In accordance
with some embodiments, the ticket assessment engine may
load one or more of these lookup tables and use them to map
locate operation attributes to intermediate or final assessment
outcomes. The locate operation attributes may be raw
attributes directly obtained from locate request tickets, or
derived attributes assigned by the ticket assessment engine
based on some raw attributes.

[0154] In the exemplary embodiment shown in FIG. 8, the
lookup tables 800 include a complexity lookup table 810, a
time lookup table 820, a risk lookup table 830, a value lookup
table 840 and a resource lookup table 850.

[0155] The complexity lookup table 810 may be used to
assign a suitable measure of complexity to a requested locate
operation, and may be indexed with a variety of different
locate operation attributes. For example, the complexity look
up table 810 may map the number of facilities to be located
and/or each individual facility type (e.g., gas, cable, electric,
water, etc.) to a suitable complexity level (e.g., high, medium
orlow). As another example, the complexity lookup table 810
may map work site details such as high traffic or restricted
access to corresponding complexity reason codes that are
recognized by various components within a ticket manage-
ment system (e.g., the ticket management system 200 shown
in FIG. 2).

[0156] Similar to the complexity lookup table 810, the time
lookup table 820 and the risk lookup table 830 may be used,
respectively, to assign an estimated duration and a suitable
measure of risk to a requested locate operation. For example,
the time look up table 820 may map each individual facility
type (e.g., gas, cable, electric, water, etc.) to a duration esti-
mate per unit length or unit area, and the risk lookup table 830
may map each individual facility type to a suitable risk score.
Additionally, the time lookup table 820 and the risk lookup
table 830 may, respectively, map work site details such as
high traffic or restricted access to corresponding scaling fac-
tors for increasing or decreasing a duration estimate and a risk
score.

[0157] The value lookup table 840 may be used to associate
a value to a requested locate operation. The value may be
simply the expected revenue to be collected for the work
performed, or some other suitable measure of value such as
net profit (e.g., revenue less cost) or value at risk. In some
embodiments, the value lookup table 840 may correlate com-
plexity with value (e.g., mapping high complexity to high
value, medium complexity to medium value, and low com-
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plexity to low value), where the complexity level is deter-
mined at least in part using the complexity lookup table 810.
In some further embodiments, the value look up table 840
may map each individual facility type (e.g., gas, cable, elec-
tric, water, etc.) to a value estimate, which may be a flat rate
or arate per unit length. In yet some further embodiments, the
value lookup table 840 may map ticket types (e.g., emer-
gency, short notice, re-mark, etc.) to corresponding adjust-
ment values for increasing or decreasing a value. For
example, extra fees may be collected for an emergency locate
operation, while a re-mark operation may not be billed to a
customer if the locate service provider is at fault (e.g., the
locate service provider did not adequately respond to the
locate request ticket during a first visit, which was already
billed to the customer).

[0158] The resource lookup table 850 may used to deter-
mine any equipment requirements and/or technician certifi-
cation and/or minimum skill level requirements for a
requested locate operation. For example, locate technician
skill levels may be ranked from 1-10, with 10 being the most
skilled. The resource lookup table 850 may map high com-
plexity to skill levels 8-10, medium complexity to skill levels
4-7, low complexity to skill levels 1-3, where the complexity
level is determined at least in part using the complexity
lookup table 810. As another example, the resource look up
table 850 may map each individual facility type (e.g., gas,
cable, electric, water, etc.) to one or more technician certifi-
cations (e.g., gas-certified, cable-certified, electric-certified,
water-certified, etc.). As yet another example, the resource
lookup table 850 may map each individual facilities type
(e.g., gas) to one or more required or recommended tools or
pieces of equipment (e.g., a gas detection tool).

[0159] It should be appreciated that the set of lookup tables
800 is provided herein for purposes of illustration only. For
example, although lookup tables may provide quick access to
data, other types of data structures may also be used to store
the information contents described above. Also, a ticket
assessment engine may access other types of information
contents in addition to, or instead of, those described above.
For example, in determining a risk level associated with a
requested locate operation, a ticket assessment engine may
access historical records of previously completed locate
request tickets to determine whether there is a high concen-
tration of past damage reports within the proximity of the
currently requested locate operation. A historical record of a
previously completed locate request ticket may also store
information collected during the corresponding locate and/or
marking operation. For example, the record may store an
actual duration of the operation and/or actual durations of
various tasks that are part of the operation. The record may
further indicate whether an accident occurred during subse-
quent excavation (e.g., whether one or more underground
facilities were damaged during excavation).

[0160] As another example, aticket assessment engine may
access records pertaining to excavation companies and/or
individual excavators. Such records may contain information
such as excavation company name and address, individual
excavator name and address, excavator type (e.g., pool
installer, landscaper, construction company, facility installer,
etc), and/or damage history. In some embodiments, a ticket
assessment engine may use the excavator type information
and the damage history information to assess the level of risk
associated with a currently requested location operation. For
example, the ticket assessment engine may return a high risk
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classification for a requested locate operation when a corre-
sponding excavation company and/or individual excavator
has a significant history of damaging facilities. The ticket
assessment engine may further increase a technician skill
level requirement for the requested locate operation, as a way
to ensure accurate marking and reduce risk.

VI. Location Assessment

[0161] As discussed above, location information provided
in a locate request ticket may in some instances be incomplete
and/or inaccurate. For example, the address for the work site
may be vague or ambiguous (e.g., a street name without any
house numbers), or multiple conflicting pieces of location
information may be given (e.g., a street address and a pair of
lat/long coordinates that do not match). In these situations,
additional analysis may be needed to increase the level of
confidence that a locate technician is being dispatched to the
correct location. For example, additional location informa-
tion may be extracted from a textual description of the work
site that is included in the ticket, and/or from one or more
virtual white lines (VWL) images associated with the ticket.
[0162] FIG. 9 shows an illustrative process 900 that may be
performed by a ticket assessment engine to selecting the best
available location information and refine the location infor-
mation when necessary.

[0163] Atact902, the ticket assessment engine may collect
one or more pieces of location information from a locate
request ticket (e.g., the parsed ticket 215 as shown in FIG. 2).
For example, the ticket assessment engine may extract from
the ticket a work site address, coordinates for vertices of a
polygon generated by the originating one-call center, and/or
any VLW images attached to the ticket. In some instances, the
ticket may additionally contain portions of free text (e.g.,ina
“Remarks” field recording an excavator’s description of the
dig area and/or the reason for excavation). The ticket assess-
ment engine may be programmed to intelligently extract loca-
tion information from these portions of free text, for example,
by searching for relevant phrases such as “next to,” “across
from,” “near,” etc. Alternatively, the ticket assessment engine
may prompt a human user to read the portions of free text and
manually enter any relevant location information.

[0164] At act 904, the ticket assessment engine may select
a piece of location information from the multiple pieces of
location information collected at act 902. This selection may
be based on levels of confidence, that is, the ticket assessment
engine may select the piece of location information that is
deemed the most trustworthy or reliable. In some embodi-
ments, a geotagged VWL image may be considered the most
reliable among all types of location information. As such, it
may be selected whenever available. If a geotagged VWL
image is not available, then a complete address (e.g., with
city, street name and house number) may be selected over
other pieces of location information, such as a one-call center
polygon. If neither a geotagged VWL image nor a complete
address is available, then coordinates for the centroid of a
one-call center polygon may be computed and reverse-geo-
coded to obtain an address.

[0165] The ticket assessment engine may also perform one
or more consistency checks on the collected location infor-
mation. For example, the ticket assessment engine may
reverse-geocode at least some of the available coordinates to
determine if the coordinates correspond to a point that falls
within the city, county, and/or state indicated on the ticket.
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[0166] At act 906, the ticket assessment engine may deter-
mine whether the location information selected at act 904 has
a sufficiently high confidence level. If the determination is
positive, then the process 900 ends and the selected location
information may be recorded and used throughout the rest of
the assessment process carried out by the ticket assessment
engine. [fthe determination is negative, the ticket assessment
engine may make a best-effort attempt at refining the location
information at act 908.

[0167] FIG.10illustrates an exemplary method for refining
location information. In this example, a street name (e.g.,
“Main Street”) is available, but without a house number. A
one-call center polygon 1000 is also available. The ticket
assessment engine may programmed to determine the coor-
dinates for the points 1005A and 1005B, at which Main Street
intersects the one-call center polygon 1000. These coordi-
nates may then be reverse-geocoded to obtain an address
range on Main Street that falls within the one-call center
polygon 1000. If the address range is sufficiently small, the
ticket assessment engine may simply select the address range
as the prevailing location information. If, however, the
address range is too large, the ticket assessment engine may
narrow it down by computing the centroid of the one-call
center polygon 1000 and selecting one or more addresses
1005C that are closest to the computed centroid.

[0168] It should be appreciated that the various rules and
methods described above in connection with FIGS. 9 and 10
are merely illustrative, as other rules and methods may also be
used to select, verify and/or refine location information. Also,
the ticket assessment engine may invoke the services of a
geographic information system (e.g., the GIS 610 shown in
FIG. 6) to perform any of the computational tasks described
above.

VI. Scope Assessment

[0169] In assessing the scope of a locate request ticket, a
ticket assessment engine may determine the nature and
amount of work to be done in response to the ticket. The result
of scope assessment may be used in a number of subsequent
assessment processes, such complexity, time, risk, value and/
or resource requirements. For example, during scope assess-
ment, the number and types of facilities to be located may be
determined or verified, which may in turn be used to deter-
mine complexity (e.g., whether a high profile facility type is
involved), time (e.g., an estimated duration for each facility
type), risk (e.g., whether a high risk facility, such as gas, is
involved), value (e.g., an estimated revenue to be collected for
each facility type) and/or resource requirements (e.g., certi-
fication requirements for each facility type).

[0170] In some instances, a one-call center may compile
some form of ticket scope information and include the infor-
mation in a locate request ticket. For example, a one-call
center may generate a polygon and determine, based on the
polygon, which facility types are to be listed on the ticket.
However, such information from one-call centers may not
always be accurate, and therefore it may be desirable to inde-
pendently generate and verify ticket scope information.
[0171] FIG. 11 shows an illustrative process 1100 that may
be performed by a ticket assessment engine to assess the
scope of a locate request ticket.

[0172] At act 1102, the ticket assessment engine may
extract various pieces of information from the ticket to deter-
mine at least one characteristic of the planned dig area (e.g.,
size, shape and/or boundaries). For example, if a geotagged
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VWL image is available, the ticket assessment engine may
determine the dig area boundaries based on the dig area
indicators and the geospatial metadata associated with the
VWL image. As discussed above, the ticket assessment
engine may associate a higher level of confidence to the VWL
image, compared to a polygon generated by the one-call
center. Therefore, in some embodiments, the VWL image
may be used in lieu of the one-call center polygon in deter-
mining ticket scope.

[0173] The ticket assessment may also use other types of
information during act 1102. In some embodiments, the ticket
assessment engine may search for scope informationinone or
more free text portions of the ticket. For example, the ticket
assessment engine may be programmed to search for key-
words related to landmarks (e.g., sidewalk, playground, etc.)
and/or directions (e.g., north, east, south, west, etc.). If one or
more keywords are found, the ticket assessment engine may
prompt a human user to read the free text and enter any
additional scope information.

[0174] Atact 1104, the ticket assessment engine may deter-
mine the reason for and/or method of excavation, which may
be used to determine other scope-related parameters such as
excavation depth and/or dig area size.

[0175] The reason for excavation may sometimes be given
explicitly in the ticket. For example, as shown in FIG. 3, the
ticket 300 may indicate under the excavation information 306
and the excavator information 310 that a conduit is being
installed for a telephone company. In other situations, the
reason for excavation may be found in a free text description
given by the excavator, and the ticket assessment engine may
search for informative keywords or key phrases in the free text
description. For example, words such as “pool” and “mail-
box” may be commonly used when describing the reason for
excavation, and the ticket parsing application may be pro-
grammed to recognize these words and extract relevant por-
tions of the free text. In some further situations, the reason for
excavation may be inferred based on excavator information.
For instance, if the excavator is a plumbing company, the
reason for excavation is likely to be installing water and/or
sewer lines. On the other hand, if the excavator is a pool
contractor, the reason for excavation is likely to be installing
a swimming pool.

[0176] In some embodiments, the excavation information
may indicate a method of excavation, which may be helpful in
estimating the extent of the excavation activities. Certain
methods of excavation, such as blasting and/or boring, may
be more likely to cause accidents compared to other methods.
For example, where blasting is planned, it may be desirable to
include in the dig area a circular area of a certain radius
centered at the planned location of blasting. As another
example, where boring is planned, it may be desirable to
include in the dig area all areas within a certain distance from
the planned locations of boring. The particular radius and/or
distance may be selected based on a number of different
factors, e.g., government regulations, contractual obligations,
insurance requirements, industry best practices, and/or the
locate service provider’s risk tolerance levels.

[0177] Atact 1106, the ticket assessment engine may deter-
mine or verify the number and types of facilities to be located.
Alternatively, the ticket assessment engine may verify the list
of one-call center members (or facilities owners) who are
notified of the ticket. As discussed above, it may be desirable
to independently verify this type of information, even though
it may be already provided by the one-call center.
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[0178] Theticket assessment may use a variety of auxiliary
information (e.g., as stored in the auxiliary information stor-
age 250 shown in FIG. 2) in determining or verifying the
number and types of facilities to be located. For example, the
ticket assessment engine may access one or more facilities
maps illustrating installed underground facilities and street-
level landmarks. In some instances, the facilities maps may be
geotagged, which may enable overlaying a polygon or dig
area indicators onto the facilities maps (e.g., as shown in FIG.
7) to determine whether one or more items on the facilities
maps fall within the dig area or are sufficiently close to the dig
area.

[0179] Continuing to act 1108, the ticket assessment engine
may determine scope information for each individual facility
type determined at act 1106. For example, the ticket assess-
ment engine may compare the dig area boundaries (e.g., as
indicated by dig area indicators or a polygon) against a
respective facilities map. This may facilitate subsequent time
estimation (e.g., different facility types may have different
duration estimates per unit length or unit area). It may also
facilitate billing after the ticket has been completed (e.g.,
some facility owners may be billed on a per ticket basis, while
other facility owners may be billed per unit of work per-
formed).

[0180] Although detailed examples of scope-related analy-
ses are described above in connection with FIG. 11, it should
be appreciated that the inventive concepts disclosed herein
are not limited to any specific implementations. For example,
to the extent that the analyses are independent from each
other, they may be performed in any suitable order (e.g., not
necessarily in the order presented in FIG. 11). As a more
specific example, the determination of excavation reason and/
or method at act 1104 may be carried out prior to, or concur-
rently with, the determination of dig area characteristics at act
1102. Other variations may also be possible.

V. Complexity Assessment

[0181] Invarious embodiments, a ticket may be considered
more or less complex for a number of different reasons, such
as the number and types of facilities to be located, work site
characteristics and/or some other suitable combination of
factors. Therefore, complexity assessment may very broadly
encompass any types of analysis to categorizes and/or anno-
tate a ticket in such a way that facilitates subsequent handling
of the ticket. For example, the outcomes of complexity
assessment may be presented in any suitable manner (e.g.,
using numerical scores and/or user-defined categories), and
may inform any other assessment process, such as time, risk,
value or resource requirements. Furthermore, complexity
assessment may take into account any suitable input informa-
tion, such as information directly available from a ticket, or
information derived based on the ticket and/or other auxiliary
information.

[0182] FIG. 12 shows an illustrative process 1200 that may
be performed by a ticket assessment engine to assess the
complexity of a locate request ticket, in accordance with
some embodiments.

[0183] At act 1202, the ticket assessment engine may per-
form a keyword search on the ticket to look for any keywords
that may trigger a complexity designation. For example, ser-
vice contracts with some facility owners may include special
requirements for the handling of certain types of “high pro-
file” facilities (e.g., gas pipes and/or fiber optic cables), and a
locate service provider may receive higher compensation for
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complying with these special requirements. A locate service
provider may also have internal regulations designating cer-
tain facilities as being “high profile” This may be done, for
example, for risk management purposes. Thus, when the
ticket assessment engine detects the presence of one or more
high profile facility types (e.g., gas or fiber optic), the ticket
may be put into a complexity category of “high profile.”
Additionally, one or more reason codes and/or descriptions
may be given to indicate why the ticket has been categorized
under “high profile.”

[0184] Insomeembodiments, the designation of “high pro-
file” may also take into account a location of the work site. For
example, although telephone and/or electric facilitates may
not ordinarily be considered “high profile,” one or more sec-
tions of these facilities may be designated as such because
they serve a special area, such as a hospital or military base.
(This may be the case even if the work site itself is outside the
special area.) Accordingly, the ticket assessment engine may
use the work site location in conjunction with one or more
facilities maps to determine whether any facilities to be
located serve one or more special areas. If so, the ticket may
be put into the “high profile” category along with an appro-
priate reason code and/or description.

[0185] Continuing with FIG. 12, the ticket assessment
engine records, at act 1204, the complexity category assigned
to the locate request ticket during act 1202, along with any
reason codes and/or descriptions. This recording may be done
in any suitable manner that allows the assigned complexity
category to be later accessed using some information associ-
ated with the ticket. For example, the ticket assessment
engine may store the assigned category in a database entry
that can be indexed using a ticket serial number. Alternatively,
the ticket assessment engine may insert the assigned com-
plexity category into a work order created for the ticket (e.g.,
work orders 235A-C shown in FIG. 2).

[0186] At act 1206, the ticket assessment may determine
whether the work site falls within some complexity region.
For example, the ticket assessment engine may access a data
storage (e.g., the auxiliary information storage 250) to obtain
a set of polygons representing, respectively, a set of predeter-
mined complexity regions. Each of the polygons may be
specified by the set of coordinates for its vertices, and may be
associated with a complexity category indicating why the
region has been designated as a complexity region. A more
detailed description of the complexity category may also be
provided.

[0187] The ticket assessment engine may then geocode an
address of the work site and determine whether the resulting
coordinates fall within any of the complexity regions repre-
sented by the polygons. If the coordinates do fall within at
least one complexity region, the ticket assessment engine
may proceed to act 1208 to store the corresponding complex-
ity category and/or complexity category description.

[0188] Itshould be appreciated that the polygons represent-
ing complexity regions may be generated in a number of
different ways, as the present disclosure is not limited in this
respect. For example, a geographical information system
(e.g., the GIS 610 shown in FIG. 6) may be used to analyze
one or more facilities maps, either alone or in combination, to
identify any geographical area with a high concentration of
underground facilities. As another example, some commer-
cially available digital map data may contain information
delimiting various geographical regions of interest, such as
highways, railroad tracks, parks, hospitals, military bases,
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schools, gated communities, zoning parcels, etc. A geo-
graphical information system may be used to automatically
assign complexity categories to some of these regions. The
corresponding delimitation information may then be
extracted from the digital map data and used to compute
polygons.

[0189] Additionally, a geographical information system
may be adapted to allow a human user to manually define a
complexity region. For example, a supervisory personnel
may, based on local knowledge, designate a certain geo-
graphic area as a complexity region and provide an appropri-
ate description (e.g., the area may be known to have defective
tracer wires along a certain type of facility, which may
increase the difficulty in locating that type of facility). The
geographic information system may present a graphic user
interface to allow the supervisory personnel to electronically
mark the boundaries of the complexity region.

[0190] Returning to FIG. 12, the ticket assessment engine
may determine at act 1210 whether the work site is in the
proximity of a past ticket categorized as “high profile.” For
example, the ticket assessment engine may search a database
of past tickets to determine whether the work site is within a
given radius (e.g. 100 yards) of a past ticket with a “high
profile” designation. If so, the ticket assessment engine may
assign the complexity category “high profile potential” to the
current ticket and record a reason code “historical high pro-
file” at act 1212.

[0191] Atact 1214, theticket assessment engine may deter-
mine whether the locate request ticket is subject to special
billing rules. For example, the ticket assessment engine may
determine whether the ticket has a linear scope 0of 0.5 miles or
greater (e.g., as determined during the scope assessment pro-
cess 1100), or whether the work site is at a remote location
that requires extended travel. Additionally, the ticket assess-
ment engine may search one or more text fields (e.g., locate
instructions, remarks and/or excavation type description) for
keywords that might be relevant for billing. Then the ticket
assessment engine may consult one or more billing tables to
determine whether any special billing rules apply to the cur-
rent ticket. For example, at act 1216, the ticket assessment
engine may set a hourly status indicator to “true,” indicating
that the ticket should be billed per unit of work performed,
rather than at a flat rate.

[0192] It should be appreciated that the billing tables used
by the ticket assessment engine may contain information that
is specific to a particular geographic area. For example, dif-
ferent facility owners serving different geographical areas
may be billed at different rates using different methods.
Therefore, multiple billing tables may be prepared and
selected for use based on the geographic areas in which the
locate service provider is operating.

[0193] Proceedingto act1218, the ticket assessment engine
may determine a service type (e.g., “emergency,” “short
notice,” “re-mark,” “re-stake,” or “re-note”) by performing a
keyword search. The search may taken into account common
abbreviations such as “shrt” for “short.”” If a relevant keyword
is found, the ticket assessment engine may record the corre-
sponding service type at act 1220. This information may be
used, for example, during the scheduling and dispatch pro-
cess to determine a due date or deadline for the ticket. It may
also be used in determining an appropriate fee to be billed to
a customer.

[0194] As discussed in connection with FIG. 2, some of the
above-described functionalities relating to complexity
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assessment may be expressed via a set of business rules (e.g.,
one or more of business rules 240 shown in FIG. 2). An
exemplary set of complexity assessment business rules is
summarized in Table 2 below (BR-001 through BR-005) and
described in greater detail in Tables 3-7.

VI. Time Assessment

[0195] As discussed above, various time-related aspects of
a locate request ticket may be assessed, such as a due date of
the ticket, an estimated duration of the requested locate opera-
tion and/or an expiration date of locate marks.

[0196] In some embodiments, the time at which a locate
request ticket is generated (e.g., when an excavator notifies a
one-call center regarding planned excavation activities) may
be used to estimate one or more deadlines. For example,
depending on a service type associated with the ticket (e.g.,
emergency, short notice, re-mark, etc.), a locate service pro-
vider may have more or less time to respond to the ticket. As
a more specific examples, the locate service provider may be
required (e.g., by government regulations and/or locate con-
tract provisions) to respond to an emergency ticket within a
short window of time (e.g., two to four hours after the ticket
is generated), whereas normal tickets may be completed
within a longer window of time (e.g., 48 or 72 hours after the
ticket is generated).

[0197] The time of ticket generation may also be used to
determine when the locate marks placed by a technician at the
work site will expire. For instance, in some jurisdictions, an
excavator may be required by law or regulation to request a
“re-mark” operation if the planned excavation activities are
not completed within a certain period of time (e.g., on the
order of days, such as seven or 14 days) after the original
ticket is generated. In response to such a request, a new (but
related) work order may be created to dispatch a locate tech-
nician to the work site to repeat the locate operation and/or
refresh the locate marks previously placed (e.g., by spraying
more paint on the ground at previously marked locations). If
the planned excavation activities are not completed within a
longer period of time (e.g., on the order of weeks, such as
three or four weeks), the ticket itself may be said to have
expired, and the excavator may be required by law or regula-
tion to initiate a new locate request ticket.

[0198] In some further embodiments, the duration of a
locate request ticket (i.e., the amount of time worked by a
locate technician to complete the requested locate operation)
may be estimated using statistical information collected from
previously complete locate request tickets. For example, a
ticket assessment engine may access a historical average and/
or standard deviation for tickets of a certain type (e.g., tickets
having a certain combination of features). This information
may then be used to establish an adjustment and/or scaling
factor to be applied to future tickets of the same type (e.g.,
having the same combination of features).

[0199] FIG. 13 shows an illustrative process 1300 that may
be performed by a ticket assessment engine to estimate the
duration of a locate request ticket, in accordance with some
embodiments.

[0200] Atact1302, the ticket assessment engine may estab-
lish an initial duration estimate, for example, based on the
total number of facilities to be located (e.g., as determined or
verified during the scope assessment process 1100). More
specifically, if the ticket is an N-locate ticket (i.e., there are N
different types of facilities to be located), the ticket assess-
ment engine may obtain the historical average duration for all
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previously complete N-locate tickets. Alternatively, the ticket
assessment engine may obtain the standard deviation in addi-
tion to the average, and determine a duration estimate such
that, with high probability, at least a desired percentage (e.g.,
95 percents) of all N-locate tickets will have a duration not
exceeding the duration estimate. Such an estimate may be
computed using any known techniques, such as Chebychev’s
inequality.

[0201] In addition to the number of facilities types to be
located, other ticket characteristics may also be used to deter-
mine a subset of previously completed tickets based on which
a historical average duration is computed. For example, a
historical average duration may be computed for all previ-
ously completed tickets located within a certain geographical
area (e.g., as specified by a geofence). As another example, a
historical average duration may be computed for all previ-
ously completed tickets having one or more common types of
facilities (e.g., gas, cable, water, electric, etc.). As yet another
example, a historical average duration may be computed for
all previously completed tickets having a suitable combina-
tion of ticket characteristics, such as all tickets completed
within the past three months in a specified city or neighbor-
hood.

[0202] At act 1304, the ticket assessment engine may,
based on a number of different factors, determine on or more
adjustments to be applied to the initial duration estimate
established at act 1302. For example, an adjustment may be
assigned to each facility type based on observed averages.
More specifically, if an N-locate ticket having a first facility
type (e.g., gas) is on average 4 minutes longer than an N-lo-
cate ticket not having the first facility type, then an adjustment
of 4 minutes may be assigned to the facility type “Gas.” On
the other hand, if an N-locate ticket having a second facility
type (e.g., sewer) is on average 3 minutes shorter than an
N-locate ticket not having the second facility type, then an
adjustment of -3 minutes may be assigned to the facility type
“Sewer.”

[0203] As another example, an adjustment may be deter-
mined based on complexity region type (e.g., as determined at
during act 1206 shown in FIG. 12). More specifically, it may
have been observed that an average ticket having a complex-
ity region type “Gated” (e.g., the work site is within a gated
community requiring some form of access approval, such as
an access code) is 15 minutes longer than an overall average.
Then an adjustment of 15 minutes may be assigned to all
tickets having a complexity region type “Gated.” Alterna-
tively, an appropriate adjustment may be chosen to guarantee
that, with high probability, all tickets with complexity region
type “Gated” will have a duration not exceeding the average
duration plus the adjustment. Such an adjustment may be
chosen using any known techniques using standard deviation
information.

[0204] Similarly, adjustments may be determined for other
complexity region types, such as military base (e.g., 35 min-
utes, due to strict verification procedures for access permits)
and/or regions with aerial power lines (e.g., —10 minutes,
because aerial power lines may be located without special
equipment).

[0205] At act 1306, various scaling factors may be estab-
lished for the duration estimate. For example, if a ticket is
determined to be high profile with a certain reason code (e.g.,
as in act 1202 shown in FIG. 12), the reason code may be used
to index an appropriate scaling factor. In some embodiments,
the scaling factor may be 1.15 for a high profile ticket with no
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reason code given, 1.38 for the reason code “Fiber Optic,” and
1.23 for reason code “HCPhone” (or high capacity phone
line).

[0206] A similar, but not necessarily identical, set of scal-
ing factors may be chosen for tickets with high profile poten-
tial under reason code historical high profile (e.g., as deter-
minedinact 1210 shown in F1G. 12). For example, the scaling
factors for no reason code, reason code “Fiber Optic” and
reason code “HCPhone” may be, respectively, 1.08, 1.3 and
1.18.

[0207] Other complexity designations may also be used to
establish scaling factors. For example, if a ticket’s hourly
status indicator is set to “true” (e.g., as in act 1214 shown in
FIG. 12), the corresponding duration estimate may be scaled
based on an estimated size of the dig area (e.g., in length or in
area). More specifically, the scaling factor may be obtained by
dividing the length of the dig area by a base value (e.g., 0.5
miles), or by dividing the area of the dig area by a base value
(e.g. 10000 square feet). Similarly, the service type of a ticket
(e.g., as determined in act 1218 shown in FIG. 12) may be
used to look up a corresponding scaling factor, such as 1.23
for emergency and 1.82 for short notice. On the other hand, a
scaling factor ofless than 1 (e.g., 0.9, 0.8, or 0.6) may be used
for a re-mark or re-note operation, assuming the same tech-
nician who performed the previous operation is dispatched to
perform the re-mark or re-note, in which case the technician
may be more efficient during the subsequent visit because he
is already familiar with the work site.

[0208] Itshouldbe appreciated that all of the scaling factors
may be determined based on average and/or standard devia-
tion information using techniques similar to those described
above for establishing adjustments. Other techniques may
also be possible, such as manual optimizations.

[0209] Proceedingto act1308, any adjustments determined
atact 1304 and scaling factors determined at act 1306 may be
applied in a suitable manner to the initial duration estimate
determined at act 1302. For example, all adjustments may be
applied (e.g., added to the duration estimate), and then all
scaling factors may be applied (e.g., multiplied with the dura-
tion estimate). Other methods may also be possible, such as
breaking down the duration estimate into different compo-
nents (e.g., one for each facility type) and applying appropri-
ate adjustments and/or scaling factors to the individual com-
ponents, in addition to, or instead of applying adjustments
and/or scaling factors to the overall duration estimate.
[0210] Although time assessment is performed on the basis
of a locate request ticket in the above described example, it
should be appreciated that the present disclosure is not so
limited. Rather, time assessment may be performed with
respect to any suitable unit of work, which may be larger or
smaller than a locate operation corresponding to a locate
request ticket. For instance, in various embodiments, time
assessment may be performed with respect to a collection of
related locate operations, or with respect to one or more tasks
within a single locate operation. Examples of tasks include,
but are not limited to, traveling to a work site, reviewing a
ticket in preparation for the corresponding locate operation,
reviewing a relevant map, equipment preparation, locating
one or more facilities, marking one or more facilities, prepar-
ing documentation (e.g., electronically or on paper) upon
completion of a ticket, and/or preparing for departure from
work site. Where appropriate, each of these tasks may be
further broken down into subtasks, for example, based on
facility type.
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[0211] As with complexity assessment, some or all of the
above-described functionalities relating to time assessment
may be expressed via a set of business rules (e.g., one or more
of business rules 240 shown in FIG. 2). An exemplary set of
time assessment business rules is summarized in Table 2
below (BR-006 through BR-012) and described in greater
detail in Tables 8-14.

VII. Risk Assessment

[0212] In various embodiments, risk assessment may
include estimating the extent of potential damages (e.g., eco-
nomic losses, property and/or environmental damages, per-
sonal injuries, etc.) in the event of an accident during subse-
quent excavation. Additionally, or alternatively, risk
assessment may include estimating a likelihood that an acci-
dent would occur given a set of circumstances (e.g., as
described in a locate request ticket and/or inferred therefrom).
[0213] Risk assessment may be of interest to different enti-
ties associated with locate and/or marking operations. For
instance, a locate service provider may wish to assess a level
of potential liability for damages in an accident where the
locate service provider is at fault (e.g., failing to complete a
locate operation by a required deadline or inadequately per-
forming a location operation). On the other hand, a facilities
owner may wish to assess the extent of potential damage (e.g.,
the number of customers who may experience service inter-
ruption and/or costs for repairing damaged facilities). If the
scope of potential damages is sufficiently large, the facilities
owner may decide to dispatch an in-house locate technician to
perform a locate operation, instead of contracting the opera-
tion to a locate service provider. As another example, the
facilities owner may determine that more stringent safety
procedures may be appropriate where personal injuries are
likely (e.g., where a work site is located in a populous area,
such as near a school or a shopping mall), and therefore may
also decide to dispatch its own team of locate technicians for
a better quality guarantee.

[0214] In some embodiments, the risk associated with a
locate request ticket may be represented as a numerical score
(e.g., anumber between 1 and 100) or a broad category (e.g.,
high, medium or low). As discussed in greater detail below,
the score or category may be determined based on historical
data, such as the frequency and extent of damage among a
certain class of previously completed tickets. This risk mea-
sure may be used to flag some of the incoming tickets for
special consideration and/or handling. For example, it may be
required that a high risk ticket be handled only by a technician
with a high level of skill. Alternatively, or additionally, a high
risk ticket may require supervisory review after completion,
to check for any errors that may have been made by the
technician performing the requested locate operations. In this
manner, risk assessment may reduce the likelihood of acci-
dents, and may thereby improve the profitability of the locate
service provider’s operations.

[0215] FIG. 14 shows an illustrative process 1400 that may
be performed by a ticket assessment engine to compute a risk
measurement (e.g., a numerical score or category) associated
with a locate request ticket, in accordance with some embodi-
ments.

[0216] Atact1402, arisk score may be established for each
facility type to be located. For example, gas, electric and
water may be assigned a risk score 0f'2.5, 0.7 and 0.2 respec-
tively. These scores may be determined based on a number of
different factors, such as the frequency of damages related to
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afacility type (e.g., the percentage of gas locates that resulted
in damage reports) and the extent of damages related to a
facility type (e.g., the average monetary value of claims
resulting from damages to gas pipes). Finer distinctions may
also be made, such as assigning different risk scores based on
attributes of facilities of the same type. For example, damages
to water mains may result in very high claim amounts (e.g.,
streets may collapse due to a ruptured water main), while
damages to water lines leading a customer’s premise may be
minor and easy to repair. As another example, the diameters
of gas pipes may be taken into account, where thicker pipes
may be associated with lower gas pressure and may be more
at risk for explosions.

[0217] Atact1404, the various risk scores determined at act
1402 may be summed to obtain an overall risk score for the
ticket. Then, at act 1406, one or more appropriate scaling
factors may be determined for adjusting the overall risk score.
For example, the ticket assessment engine may access a data-
base of past damage reports to determine whether the work
site and/or dig area for the current ticket is within a given
radius (e.g., 500 yards) of one or more past damage reports
and, if so, computes the total amount of claims from all of the
damage reports within this radius. This total amount may in
turn be used to lookup an appropriate scaling factor for the
risk score, for example, as shown in Table 16 below.

[0218] In addition to damage reports, scaling factors may,
in some embodiments, be determined based on proximity to
one or more mis-locates. A mis-locate is said to have occurred
when an error in connection with a locate and/or marking
operation is discovered (e.g., during subsequent excavation),
although the error may not have manifested itself as an acci-
dent. In some further embodiments, proximity to one or more
past trouble tickets may also be used in determining a scaling
factor. Trouble tickets may include any previously completed
tickets whose records indicate one or more operational irregu-
larities. For example, a past ticket may be designated as a
trouble ticket if the technician dispatched to the work site had
difficulty locating a certain type of facilities and had to call his
supervisor for special instructions.

[0219] As another example, the ticket assessment engine
may determine whether the excavator who submitted the
excavation notice corresponding to the current ticket has a
significant history of damages. This history can be measured
in a number of different ways. For example, an average dam-
age amount (e.g., in dollar value) per excavation (or locate
operation) may be computed for at least some of the excava-
tors for whom historical information is available. The average
may be computed over a certain time frame (e.g., the past six
months, or one, two, three, five or ten year). The average
across different excavators may also be computed.

[0220] Then the ticket assessment engine may compare a
particular excavator’s average damage amount against the
average across all excavators, for example, by expressing the
former as a percentage of the latter. This percentage may be
used to look up a corresponding scaling factor for the overall
risk score of the ticket (e.g., as shown in Table 17 below).

[0221] Alternatively, or additionally, a damage count (e.g.,
the number of damage reports irrespective of the dollar
amount for each report) may be obtained for each excavator
and compared against an average damage count across dif-
ferent excavators, for example, over a certain time frame (e.g.,
the past six months, or one, two, three, five or ten year). Again,
a particular excavator’s damage count may be expressed as a
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percentage of the average damage count, and the percentage
may be used to look up an appropriate scaling factor (e.g., as
shown in Table 17 below).

[0222] Complexity designations such as high profile may
also be used to determine one or more appropriate scaling
factors for the overall risk score. For example, if a ticket is
determined to be high profile with a certain reason code (e.g.,
as in act 1202 shown in FIG. 12), the reason code may be used
to index an appropriate scaling factor. In some embodiments,
the scaling factor may be 1.8 for a high profile ticket with no
reason code given, 4.0 for the reason code “Fiber Optic,” and
2.5 for reason code “HCPhone” (e.g., as shown in Table 18
below).

[0223] As another example, if a ticket’s hourly status indi-
cator is setto “true” (e.g., as in act 1214 shown in FIG. 12), the
corresponding risk estimate may be scaled based on an esti-
mated size of the dig area (e.g., in length or in area). In the
embodiment described in Table 20 below, the scaling factor
may be obtained by dividing the length of the dig area by a
base value (e.g., 0.5 miles), or by dividing the area of the dig
area by a base value (e.g. 10000 square feet). Similarly, the
service type of a ticket (e.g., as determined in act 1218 shown
in FIG. 12) may be used to look up a corresponding scaling
factor, such as 2.85 for emergency, 3.46 for 2-hour short
notice, and 3.11 for 3-hour short notice (e.g., as shown in
Table 19 below).

VIII. Value Assessment

[0224] As discussed above, value assessment may be per-
formed according to different measures of value. For
instance, value assessment may be performed from the per-
spective of a locate service provider based on business value
created by performing a locate operation. In some embodi-
ments, such business value may simply be the revenue col-
lected for performing the locate operation. Alternatively, or
additionally, a measure of net profit may be used, where
various operating costs may be subtracted from the revenue.
[0225] Insome embodiments, a measure of profit may take
into account information from one or more contracts estab-
lished between a locate service provider and a facilities owner
(or some other entity contracting with the locate service pro-
vider to perform locate operations). Examples of contractual
information include, but are not limited to, contractual pro-
visions specitying bonuses and/or penalties for certain tick-
ets. For instance, a locate contract may provide that a penalty
(e.g., a suitable percentage of the contract price for perform-
ing a locate and/or marking operation) be assessed if the
locate service provider fails to meet a deadline specified in a
locate request ticket. Accordingly, the value associated with
the ticket may be a function of time that has a sharp decline at
the specified deadline. As an other example, the locate con-
tract may further provide that a penalty be assessed for each
billing period during which the locate service provider fails to
timely respond to an excessive number of tickets. Any suit-
able mechanism may be used to define when a penalty should
be assessed, such as a percentage threshold (e.g., more than
5%, 10% or 15% of tickets being completed late). The penalty
may also be assessed in any suitable manner, for example, in
the form of a fixed percentage (e.g., 1%, 2%, 3% or 5%)
applied to all tickets, or with step increases (e.g., penalizing
more heavily when a higher percentage of tickets are com-
pleted late). Accordingly, the value associated with the cur-
rent ticket may depend not only on the time at which the
requested operation is performed, but also on the number of
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tickets that have been completed late in the same billing
period. For example, if the percentage of tickets that have
been completed late in the same billing period is approaching
5%, the decline in value at the ticket deadline may include not
only the penalty for missing the deadline of the individual
ticket, but also the penalty for missing the deadlines of 5% of
the tickets in that billing period.

[0226] In some further embodiments, value assessment
may be performed from the perspective of an entity other than
the locate service provider, such as a facilities owner, an
excavator, a one-call center, a community (e.g., city, town,
village, and/or other form of municipality) and/or an insur-
ance company. One or more of these entities may perform
value assessments based on their interests and concerns. For
instance, a facilities owner may measure value in terms of
value at risk (e.g., potential costs for repairing damages to
facilities and/or restoring services in the event of an accident).
Likewise, a community may use a value-at-risk measure, but
the potential damages may be different (e.g., repairing prop-
erty damage and/or environmental cleanup).

[0227] Additionally, value need not be restricted to mon-
etary value. It may be any custom defined value, or even a
time-varying function. For example, as discussed above, the
value estimate may be provided to a scheduling and dispatch
application (e.g., the scheduling and dispatch application 260
shown in FIG. 2), which may use the value estimate to pri-
oritize activities. Thus, the value estimate may be used as a
means to encourage a desired scheduling behavior. For
example, if a ticket falls within a certain geographic area
known to have heavy traffic during certain times of day, the
value estimate may be defined as a function that has lower
value during the periods of heavy traffic and higher values
elsewhere. This may encourage the scheduling and dispatch
application to avoid dispatching the ticket during the periods
ot heavy traffic.

[0228] Similarly, the ticket assessment engine may access
an up-to-date source of weather information and define the
value estimate as a time-varying function according to the
weather forecast for the work site. For instance, the value
estimate function may be defined in such a way that the
scheduling and dispatch application is encouraged to avoid
dispatching a technician to the work site in weather condi-
tions that may hinder the locating and marking of under-
ground facilities (e.g., rain or snow).

[0229] FIG. 15 shows an illustrative process 1500 that may
be performed by a ticket assessment engine to compute an
estimated value (e.g., expected revenue) for a locate request
ticket.

[0230] Atact 1502, the ticket assessment engine may deter-
mine if the ticket is a duplicate ticket, such as a re-mark,
re-stake or re-note ticket. Under some service contracts, such
tickets may not be billed if the re-mark, re-stake or re-note is
necessitated due to some action, or lack of action, by the
locate service provider. Additionally, some service contracts
may specify that two tickets transmitted on the same day are
duplicate tickets if the corresponding work sites are suffi-
ciently close to each other, and that only one of the duplicate
tickets may be billed.

[0231] If the ticket is determined to be a duplicate ticket,
then the ticket assessment engine sets the revenue to zero at
act 1504. Otherwise, the ticket assessment engine may deter-
mined the applicable billing method at act 1506, for example,
whether the ticket should be billed at a flat rate, per unit of
work performed, or per hour worked.
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[0232] If the ticket is to be billed at a flat rate, the ticket
assessment engine may proceed to act 1508 and consult a
billing rate table to select an appropriate flat rate, for example,
based on the type of facility located and/or the identity of the
facility owner. Otherwise, the ticket assessment engine may
proceed to act 1510 and determine an appropriate billing rate,
which may be either per unit of work performed (e.g., unit
length of facility marked, unit area of dig area located, or
some other custom-defined unit of work) or per hour worked.
Then the ticket assessment engine may proceed to act 1512 to
obtain an estimated scope of the ticket (e.g., as determined
during the process 1100 shown in FIG. 11) or an estimated
duration of the ticket (e.g., as determined during the process
1300 shown in FIG. 13). Based on the rate information and
the scope or time information, the ticket assessment engine
may compute an estimated revenue amount for the ticket.
[0233] It should be appreciated that the process 1500 may
alternatively be performed on a per facility type basis. That is,
arevenue estimate may be determined for each facility typeto
be located using a process similar to the process 1500. Then
the separate revenue estimates may be summed to obtain a
total estimate for the ticket.

[0234] Furthermore, value assessment may take into
account one or more other assessment outcomes in addition
to, or instead of, estimated scope or duration. For example, as
illustrated in FIG. 17 and discussed in greater detail below,
value assessment may, directly or indirectly, be informed by
assessment outcomes relating to location, complexity, risk,
and resource.

[0235] As with other types of assessment, some of the
above-described functionalities relating to value assessment
may be expressed via a set of business rules (e.g., one or more
of business rules 240 shown in FIG. 2). An exemplary set of
value assessment business rules is summarized in Table 2
below (BR-019 through BR-022) and described in greater
detail in Tables 20-23.

IX. Resource Assessment

[0236] As discussed above, resource assessment may
include identifying one or more resources (e.g., equipment
and/or personnel) needed and/or recommended to adequately
perform a requested locate operation. For instance, ticket
information, auxiliary information and/or outcomes from
other types of assessment (e.g., scope and/or complexity)
may be analyzed to determine whether any resource require-
ments and/or recommendations exist for the requested locate
operation.

[0237] FIG. 16A shows an illustrative process 1600A that
may be performed by a ticket assessment engine to identify
one or more pieces of equipment that may be required and/or
recommended for a locate operation but may not be available
to a locate technician under ordinary circumstances (e.g., not
included in a standard set of equipment carried by a locate
technician).

[0238] At act 1602A, one or more maps may be retrieved
based on a work site location that is obtained either from the
ticket information or as an outcome of location assessment.
The retrieved maps may be analyzed to identify any equip-
ment that may be useful in performing the requested locate
operation. For example, a facilities map may be retrieved and
analyzed to determine whether one or more manholes are
located at or near the work site and/or whether a locate tech-
nician would need to connect a locate transmitter to a con-
nection point in a manhole.

Feb. 17,2011

[0239] If it is determined that the locate technician likely
needs to remove one or more manhole covers during the
course of the locate operation, a “sissy hook™ (or “‘sissy bar”),
or a similar device for facilitating manhole recover removal,
may be recommended. In some situations, such safety devices
may be required by a worker’s safety organization such as the
Occupational Safety and Health Administration (OSHA). An
insurance company may also require the use of certain safety
devices as a precondition to payment of damage or injury
claims. Furthermore, if it is determined that a locate techni-
cian would need to connect a locate transmitter to a connec-
tion point in the manhole, a hot stick may be recommended,
which could be used to secure the connection between the
locate transmitter and the connection point without the locate
technician physically entering the manhole.

[0240] As a further example, it may be determined, at act
1602A, based on work site location and one or more facilities
maps, that the technician likely needs to open a telephone box
on a pedestal, in which case the technician may be recom-
mended to bring a pedestal wrench, or a similar tool, for
facilitating the opening of a telephone box.

[0241] In addition to facilities maps, one or more street
maps may also be retrieved and analyzed at act 1602A. For
instance, it may be determined based on the work site location
and one or more street maps that the work site is in an urban
setting, in which case a less persistent marking material (e.g.,
washable paint) may be recommended so as to reduce the
impact of the locate marks on the aesthetic appearance of the
work site. On the other hand, if it is determined that the work
site is in a high traffic area (e.g., on or near a highway), a more
persistent marking material (e.g., oil-based paint) may be
recommended so as to reduce the likelihood of the locate
marks wearing off prior to excavation.

[0242] Continuing with FIG. 16A, the ticket assessment
engine may, at act 1604A, retrieve and analyze historical
information (e.g., one or more records of previously com-
pleted locate and/or marking operations). For example, it may
be determined based on work site location and historical
information that the work site likely has bad tracer wires, in
which case a more advanced locate transmitter and/or
receiver may be needed to obtain sufficient signal strength
(e.g., locate transmitter and/or receiver with different fre-
quency ranges). Alternatively, or additionally, a different type
of locate device may be recommended, such as a sonar or
ground penetrating radar device (e.g., the “Inspector 07”
locator marketed by Subsurface Instruments, Inc.), which
may be used to locate underground facilities without being
hooked up to tracer wires.

[0243] As another example, it may be determined, at act
1604 A, based on work site location and historical informa-
tion, that the work site is likely to have such dry ground as to
prevent adequate ground connection, in which case the tech-
nician may be recommended to bring a bottle of water to wet
the ground before attempting to make a ground connection.
[0244] Continuing to act 1606A, the ticket assessment
engine may examine a dig area description (e.g., as provided
in a free text portion of the locate request ticket) to identify
any special circumstances that may require addition equip-
ment. For instance, the dig area description may indicate that
the work site is within a construction zone, in which case the
locate technician may be required to wear a hard hat while on
site.

[0245] Although specific examples of equipment-related
analyses are illustrated in FIG. 16A and described above, it
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should be appreciated that the inventive concepts disclosed
herein are not limited to any specific implementations. For
instance, the need to remove manhole covers may be inferred
based on information other than facilities maps. As one
example, if the work site is located in an urban or densely
populated area, it is likely that the locate technician would
encounter at least one manhole. As another example, an
image of the work site (e.g., a VWL image based on an aerial
image of the work site) may be consulted to determine
whether one or more manholes are present. As yet another
example, the need to remove manhole covers may be explic-
itly indicated in a free text portion of the locate request ticket
(e.g., in a locate instructions section). Furthermore, one or
more contracts established between a locate service provider
and a facilities owner (or some other entity contracting with
the locate service provider to perform locate operations) may
specify particular tools/equipment requirements for some
types of locate operations, in which case the ticket assessment
engine would consult auxiliary information such as contract
information and any particular contractual obligations therein
relating to tool and/or equipment requirements.

[0246] Additionally, the ticket assessment engine may rec-
ommend or require certain equipment without analyzing any
auxiliary information. For instance, a locate technician may
be required or recommended to review one or more facilities
maps upon arrival at a work site to familiarize himself with
the layout of underground facilities at the work site (e.g.,
general directions of various facilities lines, locations of con-
nection points, etc.) and to plan his work accordingly. There-
fore, the ticket assessment engine may identify one or more
relevant facilities maps (e.g., based on the work site location)
as being recommended or required for the locate operation.
[0247] In some further embodiments, resource assessment
may identify a personnel skill level or certification required
and/or recommended to perform a locate operation. For
example, in some jurisdictions, only a technician with gas
certification may be dispatched to perform a locate operation
involving gas pipes. In another example, one or more assess-
ment outcomes (e.g., scope, location, complexity, time and/or
risk) may be used to determine a minimum skill level require-
ment for the locate operation. As a more specific example, a
ticket may be assigned a high complexity level due to com-
plex layout of underground facilities at or near the work site,
in which case it may be desirable to dispatch a technician with
knowledge and/or familiarity of the geographical area
encompassing the work site.

[0248] In some embodiments, personnel skill level may
include both long term measurements (e.g., years of experi-
ence and/or cumulative training) and short term measure-
ments (e.g., recent performance evaluations). Furthermore,
statistics may be collected regarding each technician’s per-
formance patterns. For instance, a technician may consistent
perform at a higher level during certain hours of day (e.g., in
the morning or in the afternoon), and may be assigned differ-
ent skill levels depending on the time of day of dispatch.
[0249] FIG. 16B shows an illustrative process 16008 that
may be performed by a ticket assessment engine to identify
one or more requirements and/or recommendations for
selecting a suitable technician to perform a requested locate
operation. As discussed above, skill requirements and/or rec-
ommendations may refer broadly to any suitable attributes of
a technician, including experience level, past performance
level (e.g., both long term and short term), certifications,
and/or security clearance.
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[0250] At act 1602B, the ticket assessment engine may
determine skill requirements based on the types of facilities to
be located. For example, a contract with a facility owner (e.g.,
gas) may require that only technicians with the appropriate
certification (e.g., gas certification) be dispatched to locate
facilities owned by that facility owner. This may be done by
consulting a lookup table that maps facility types to skill
requirements (e.g., the lookup table 850 shown in FIG. 8).
[0251] At act 1604B, the ticket assessment engine may
determine whether the ticket is associated with any complex-
ity types (e.g., as determined during the process 1200 shown
in FIG. 12). If so, the ticket assessment engine may look up
any skill requirements associated with the identified com-
plexity types. For example, a complexity reason code “Mili-
tary Base” may indicate that only technicians with certain
levels of security clearance may gain access to the work site.
As another example, for a high profile ticket (e.g., by reason
of high profile facilities types and/or proximity to historical
damages), a high level of experience and/or good perfor-
mance may be recommended.

[0252] At act 1606B, the ticket assessment engine may
obtain arisk score for the ticket (e.g., as determined during the
process 1400 shown in FIG. 14) and look up any applicable
skill requirements. For example, a technician with a high level
of experience and/or good performance may be recom-
mended and/or required for a high risk ticket.

[0253] Although detailed examples of resource assessment
are described above in connection with FIGS. 16A-B, it
should be appreciated that the inventive concepts disclosed
herein are not limited to any specific implementations. For
example, to the extent that the resource-related analyses are
independent from each other, they may be performed in any
suitable order (e.g., not necessarily in the orders presented in
FIGS. 16A-B).

[0254] As with other types of assessment, some of the
above-described functionalities relating to skill requirements
assessment may be expressed via a set of business rules (e.g.,
one or more of business rules 240 shown in FIG. 2). An
exemplary skill requirements assessment business rule is
described in Table 26 below.

X. Detailed Example of Ticket Assessment

[0255] FIG. 17 shows an illustrative example of a ticket
assessment process executed by a multi-stage ticket assess-
ment engine (e.g., the ticket assessment engine 230 shown in
FIGS. 2 and 2A), having a network of assessment modules or
subprocesses. The assessment modules may be arranged in
multiple stages (e.g., six stages), where an assessment mod-
ule at each stage may receive as input one or more interme-
diate outcomes of assessment from one or more previous
stages. For instance, in the embodiment shown in FIG. 17, a
first stage may include a scope assessment module 1710A and
a location assessment module 1710B, a second stage may
include a complexity assessment module 1820A, a third stage
may include a duration assessment module 1730A and a risk
assessment module 1730B, a fourth stage may include a
resource assessment module 1740A, a fifth stage may include
an adjusted duration assessment module 1750A, and a sixth
stage may include a value assessment module 1760A.

[0256] In the example shown in FIG. 17, the ticket assess-
ment process may receive as initial input a locate request
ticket (e.g., the ticket 300 shown in FIG. 3) as part of ticket
information 225. Various information elements may be
extracted from the input ticket (e.g., using a ticket parsing
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process such as the one shown in FIG. 5 and described above)
and provided to various assessment modules. For example,
scope-related information such as polygon and/or dig area
indicator coordinates and/or member codes identifying one or
more notified facilities owners may be extracted and provided
to the scope assessment module 1710A. Additionally, one or
more relevant facilities maps 255A may be accessed (e.g.,
from the auxiliary information storage 250 shown in FIG. 2)
and provided to the scope assessment module 1710A. Based
on these pieces of information, the scope assessment module
1710A may output the number of facilities to be located
pursuant to the input ticket, as well as an indication of whether
the facilities to be located include one or more high profile gas
facilities.

[0257] As a more specific example, with reference to FIG.
3, the member codes shown at 314 (e.g., “FP=W&SA,”
“KD=TWNSND WRTR;” “KC=PECO PLMG,” and
“XZ=COMCAST CABLE B”) may indicate a total of four
facilities types to be located (e.g., sewer, water, gas, and
cable). The scope assessment module 1710A may further
determine that a high profile gas facilities typeis present (e.g.,
as indicated by the member code “KC=PECO PLMG”).

[0258] As another example, location-related information
such as work site address and/or GPS coordinates may be
extracted from the input ticket and provided to the location
assessment module 1710B. Additionally, one or more rel-
evant street maps 255B may be accessed (e.g., from the aux-
iliary information storage 250 shown in FIG. 2) and provided
to the location assessment module 1710B, which may analyze
the street maps 255B to determine whether the work site is
likely to be in a rural area (e.g., as distinguished from an urban
or suburban area). The outcome of that determination may be
output by the location assessment module 1710B.

[0259] As a more specific example, with reference to FIG.
3, the work site address shown at 304A (e.g., “100 St. Francis
Ln”in“Bensalem Twp”’) may be extracted from the ticket 300
and provided to the locate assessment module 1710B, which
may determine that the work site is not located in a rural area.

[0260] Proceedingto the second stage of assessment, one or
more outputs of the first stage, such as the indication of
whether one or more high profile gas facilities are to be
located and the indication of whether the work site is located
in a rural area, may be provided to the complexity assessment
module 1720A, which may analyze those intermediate
assessment outcomes and assign a complexity category to the
input ticket. For example, the complexity assessment module
1720A may implement the following decision table.

TABLE 1A

Location

Complexity Rural Not Rural

Scope High Profile Gas Medium High
Not High Profile Gas Low Medium

[0261] As a more specific example, the scope assessment
module 1710A may determine that the input ticket does
request that one or more high profile gas facilities be located,
and the location assessment module 1710B may determine
that the work site is not located in a rural area. As a result, the
complexity assessment module 1720A may assign a com-
plexity level of “High” to the input ticket.
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[0262] Proceeding to the third stage of assessment, one or
more outputs of the first and second stages, such as the num-
ber of facilities to be located and the complexity category,
may be provided to the duration assessment module 1730A,
which may analyze those intermediate assessment outcomes
and output an estimated duration for completing the input
ticket. For example, the duration assessment module 1730A
may assume that a certain amount of time (e.g., 10 minutes)
may be needed to locate each type of facilities, and that the
total duration may be scaled according to the complexity
category (e.g., scaling factors of 1, 1.2 and 1.5 may be
applied, respectively, to the complexity categories low,
medium and high).

[0263] As a more specific example, the scope assessment
module 1710A may determine that the input ticket requests a
total of four facilities to be located. Because the complexity
assessment module 1720A has assigned a complexity level of
“High” to the input ticket. the duration assessment module
1730A may compute an estimated duration for the input ticket
as follows:

4 facilities types*10 minutes per facilities
type*scaling factor 1.5=60 minutes.

[0264] Additionally, the number of facilities to be located
and the complexity category may be provided to the risk
assessment module 1730B, which may analyze those inter-
mediate assessment outcomes and assign a risk category to
the input ticket. For example, the risk assessment module
1730B may implement the following decision table.

TABLE 1B

Number of Facilities

Risk 1 2 3 4 5

Complexity High Medium Medium High High High
Medium Low Low Medium Medium High
Low Low Low Low Medium Medium

[0265] Inthis example, because the scope assessment mod-
ule 1710 A has determined that the input ticket requests a total
of four facilities to be located, and the complexity assessment
module 1720A has assigned a complexity level of “High” to
the input ticket, the risk assessment module 1730B may
assign a risk level of “High” to the input ticket. This outcome
may be output by the overall assessment process as a final
outcome, Risk Assessment Outcome 1772, which may be
used by other ticket manage system components, such as the
scheduling and dispatch application 260 shown in FIG. 2.

[0266] The output of the risk assessment module 1730B
may also be an intermediate outcome consumed by an assess-
ment module at a subsequent stage, such as the resource
assessment module 1740A at the fourth stage, which may
determine an appropriate technician skill level according to
the risk category assigned to the input ticket. For instance, the
resource assessment module 1740A may determine that a
high risk ticket may require a technician skill level of
“expert,” a medium risk ticket may require a technician skill
level of “experienced” or higher, and a low risk ticket may be
dispatched to any technician, including those at a “trainee”
level. In this example, because the risk assessment module
1730B has assigned a risk level of “High” to the input ticket,
the resource assessment module 1740A may determine that
an expert technician may be required. As for the risk assess-
ment outcome, the resource assessment outcome may be out-
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put as a final outcome, Resource Assessment Outcome 1774,
for use by other ticket manage system components.

[0267] Proceeding to the fifth stage of assessment, one or
more outputs of the previous stages, such as the estimated
duration and the technician skill requirement, may be pro-
vided to the adjusted duration assessment module 1750A,
which may adjust the estimated duration based on technician
skill level. For example, the adjusted duration assessment
module 1750A may apply scaling factors of 1, 1.1 and 1.3,
respectively, to tickets with technician skill levels of expert,
experienced and trainee. As another example, the adjusted
duration assessment module 1750A may apply one or more
scaling factors to the estimated duration based on a resource
assessment outcome relating to required or recommended
equipment. For instance, the estimated duration may be
adjusted upward if a piece of additional or more advanced
equipment (e.g., an “Innspector 07" locator) is required or
recommended.

[0268] In the example illustrated in FIG. 17, because the
duration assessment module 1730A has output 60 minutes as
the estimated duration, and the resource assessment module
1740A has determined that an expert technician may be
required, the adjusted duration assessment module 1750A
may compute an adjusted duration for the input ticket as
follows:

60 minutes*scaling factor 1=60 minutes.

[0269] As for risk and resource, the adjusted duration may
be output as a final outcome, Time Assessment Outcome
1776, for use by other ticket manage system components.
[0270] Proceeding to the sixth stage of assessment, one or
more outputs of the previous stages, such as the number of
facilities to be located and the adjusted duration, may be
provided to the value assessment module 1760A, which may
analyze those pieces of information and estimate the amount
of profit to be gained by completing the input ticket. For
example, the value assessment module 1760A may access
contractual information from one or more databases to deter-
mine an amount of revenue that the locate service provider
can expect to collect for completing the input ticket. The
value assessment module 1760A may also access employee
and/or company information from one or more databases to
determine an estimated cost for completing the ticket, which
may include technician compensation, materials costs and/or
overhead costs. As a more specific example, the value assess-
ment module 1760A may determine that the expected rev-
enue rate is $10 per type of facilities located and the expected
cost is $0.5 per minute worked.
[0271] Inthis example, because the scope assessment mod-
ule 1710A has determined that a total of four facilities types
are to be located and the adjusted duration assessment module
1730A has output 60 minutes as the adjusted duration, the
value assessment module 1760A may compute the estimated
profit as follows:

4 facilities types*$10 per facilities type—60 min-

utes*$0.5 per minute=$10.

[0272] As for risk, resource and adjusted duration, the esti-
mated profit may be output as a final outcome, Value Assess-
ment Outcome 1778, for use by other ticket manage system
components.

[0273] Although various implementation details are shown
in FIG. 17 and described above, it should be appreciated that
such details are provided merely for purposes of illustration,
and that the present disclosure is not limited to these specific
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examples. For example, various assessment modules need not
be arranged in linearly ordered stages. Rather, the network of
assessment modules can have any suitable configuration
(e.g., including one or more loops). Additionally, the busi-
nesses rules implemented by the assessment modules of F1G.
17 are provided solely for purposes of illustration, as other
business rules may also be suitable (e.g., the business rules
shown in Tables 2-26 below).

XI. Example of Work Order

[0274] FIG. 18 shows an example of a work order 1800 that
may be created from an incoming locate request ticket (e.g.,
the ticket 300 shown in FIG. 3). As shown, the work order
1800 may include a plurality of information elements
extracted from the ticket 300, such as ticket number 1802,
address of work site 1804, excavation information 1806, due
date information 1808, excavator information 1810, etc.
These information elements may be presented in the work
order 1800 in a different format compared to the ticket 300.
The work order 1800 may also include additional information
elements, such as a work order number 1812 different from
the ticket number (e.g., multiple different work orders may be
created based on the same ticket), an expected duration 1814
(e.g., as determined during the process 1300 shown in FIG.
13) and work order task information 1816 listing the facility
types to be located within this work order.

[0275] Thework order 1800 may be forwarded by the ticket
assessment engine to other software applications for further
processing. For example, the scheduling and dispatch appli-
cation 260 (as shown in FIG. 2) may schedule the work order
to commence at a certain date and time (e.g., Jan. 4, 2009 at
9:00 AM, as shown in FIG. 18).

XI1I. Backend and On-Going Assessments

[0276] As discussed above, a feedback mechanism (e.g.,
the backend assessment module 290 shown in FIG. 2) may be
provided in accordance with some embodiments to review
completed tickets and perform various information updates.
For example, the various processes carried out by the ticket
assessment engine 230 may rely on historical information,
such as statistical information regarding previously com-
pleted tickets. For improved performance and reliability, it
may be desirable to update the historical and/or statistical
information on an on-going basis, as more completed tickets
are accumulated over time.

[0277] Accordingly, in some embodiments, the backend
assessment module 290 may be programmed to make adjust-
ments to the assessment business rules 240 shown in FIG. 2.
For example, any historical averages used in the assessment
business rules 240 may be updated on a regular basis. As a
more specific example, an illustrative business rule BR-007 is
shown in Table 9 below, which is based on historical average
durations of locate operations. As shown in Table 9, the dura-
tion of a 3-locate ticket for which sewer is one of the facility
types to be located may be, on average, three minutes shorter
than that of a 3-locate ticket without a sewer locate. Such an
adjustment in duration may be adjusted regularly (e.g., daily,
weekly, monthly, annually, etc.), or according to any other
suitable schedule, based on data collected from recently com-
pleted locate operations.

[0278] It should be appreciated that the analysis of a previ-
ously completed locate operation may be informed by an
outcome of the excavation activities that took place subse-
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quent to the locate operation. In one illustrative scenario, it
may be observed that the duration of the locate operation was
two minutes shorter than average. However, it may be further
observed that an accident occurred during subsequent exca-
vation and a probable cause of the accident was misplacement
of'locate marks. In that case, the duration of the locate opera-
tion may be considered an anomaly and may not be used to
adjust the historical average duration used for assessing
future tickets.

[0279] In addition to making adjustments to existing busi-
ness rules, new rules may be added as new patterns are
observed from newly accumulated information. For example,
a pattern may emerge that locate operations within 2 miles of
central Manhattan, N.Y. are, on average, four minutes longer
than locate operations conducted elsewhere. Accordingly, a
new rule may be defined to adjust the estimated duration
upward by four minutes for all locate request tickets within 2
miles of central Manhattan, N.Y. Alternatively, a new com-
plexity type may be created (e.g., “high density urban”) and
all locate operations within 2 miles of central Manhattan,
N.Y. may be assigned the new complexity type. New business
rules may then be defined to adjust the estimated duration
upward for all locate operations having the new complexity
type.

[0280] Additionally, the facilities maps available from one-
call centers and/or facility owners may not always contain
sufficient and accurate information. For example, for some
historic urban neighborhoods, the only available facilities
maps may have been created many years ago and may not
contain absolute location information such as lat/long coor-
dinates. Some of the street-level landmarks shown on the
maps may have been moved or no longer exist. In such a
situation, it may be difficult to determine the exact location of
some of the facilities shown on the maps.

[0281] Thus, in accordance with some embodiments of the
present disclosure, the GIS 610 shown in FIG. 6 may be used
as part of a system for continually improving the quality of
available facilities maps. For example, the GIS 610 may be
used to digitize existing maps printed on paper or cloth and
augment the digitized maps with geospatial metadata.
[0282] Insome instances, the geospatial metadata added to
facilities maps may be generated at least partially based on
previously completed locate request tickets. For example, the
backend assessment module 290 shown in FIG. 2 may be
adapted to recognize some geographic areas as areas with
insufficient information and may forward to the GIS 610 the
results of completed location operations in those areas, which
may include technician logs and/or geotagged images with
technician annotations indicating marked facilities. Using
this information, the GIS 610 may be able to derive accurate
location information for the marked facilities and augment
the facilities maps accordingly with some appropriate
geospatial metadata.

[0283] As another example, the backend assessment mod-
ule 290 may be programmed to discover inconsistencies
between existing facilities maps and the actual result of a
completed locate operation, and to notify the GIS 610 of the
discovered inconsistencies. Alternatively, the GIS 610 may
be adapted to receive from a human user an indication that
there is an error on an existing facilities map. In either situa-
tion, the GIS 610 may respond by verifying the report of
inconsistency and correcting the facilities map accordingly.
[0284] In some further embodiments, the backend assess-
ment module 290 may be programmed to perform time-re-
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lated analyses based on completed tickets. The types of time-
related analyses of interest may vary according the entity
from whose perspective the analyses are performed. For
instance, from the perspective of a locate service provider, it
may be desirable to analyze not only total on-site time (e.g.,
the length of time between a technician arriving at a work site
and the technician departing from the work site upon comple-
tion of the requested locate operation), but also a breakdown
of the total duration into individual tasks, such as equipment
preparation, locating, marking final documentation and/or
personal breaks. Each task may be further broken down, for
example, into subtasks each pertaining to a particular type of
facilities. The locate service provider may also analyze travel
time, for example, between successive locate operations and/
or daily, weekly or monthly totals. These types of fine-grained
analyses (e.g., analyzing durations of smaller units of work)
may help the locate service provider identify potential quality
and/or efficiency issues.

[0285] For instance, in some embodiments, the backend
assessment module may compare each technician’s record
against fleet-wide and/or historical records and may, as a
result, identify a technician who consistently spends too
much (or too little) time when locating a particular type of
facilities. This may suggest further training for the technician
with respect to the particular facilities type to ensure that the
technician correctly follows the recommended procedures.
As another example, the backend assessment module may
identify a technician whose patterns of personal breaks nega-
tively impact his work efficiency, in which case coaching may
be appropriate.

[0286] Time-related analyses may also be performed from
the perspective of an entity other than a locate service pro-
vider, such as a regulatory body, a one-call center and/or an
insurance company. For instance, a regulatory body or one-
call center may be more interested in timely completion of
tickets (e.g., reporting percentage of tickets that are com-
pleted on time and/or identifying tickets that are completed
late) and less interested in work duration (e.g., length of time
taken to complete the requested locate operation or a task
within the requested locate operation). Statistics on response
time (e.g., length of time between receiving a ticket from a
one-call center and completing the requested locate opera-
tion) may also be of interest.

[0287] In yet some further embodiments, the backend
assessment module 290 may be programmed to review com-
pleted tickets and identify suitable candidates for human
review. For instance, a regulatory body may used the backend
assessment module to identify high risk and/or high value
tickets to be audited. A quality control application (e.g., the
quality control application 270 shown in FIG. 2) may be
employed in conjunction with the backend assessment mod-
ule to further filter the identified high risk and/or high value
tickets. For instance, the quality control application may flag
those tickets with potential quality issues (e.g., technician
unable to gain access to dig area, insufficient locate signals,
inclement weather during operation, etc.) Alternatively, the
backend assessment module may itself be programmed to
perform some or all of the quality control analysis. In either
manner, backend assessment may be employed to reduce the
volume of completed tickets that require human review, with-
out unacceptable degradation in safety. Examples of manual,
semi-automated and automated quality assessment tech-



US 2011/0040589 Al

27

niques that may be implemented as part of backend assess-
ment can be found in one or more of the following references,
each of which is incorporated herein by reference:

[0288] U.S. patent application Ser. No. 12/493,109, filed on
Jun. 26, 2009, entitled “Methods and Apparatus for Quality
Assessment of a Field Service Operation;”

[0289] U.S. patent application Ser. No. 12/557,732, filed on
Aug. 7, 2009, entitled “Methods and Apparatus for Quality
Assessment of a Field Service Operation Based on Geo-
graphic Information;”

[0290] U.S. patent application Ser. No. 12/571,356, filed on
Sep. 30, 2009, entitled “Methods and Apparatus for Analyz-
ing Locate and Marking Operations with Respect to Facilities
Maps;”

Feb. 17,2011

[0291] U.S. patent application Ser. No. 12/572,202, filed on
Oct. 1, 2009, entitled “Methods and Apparatus for Analyzing
Locate and Marking Operations with Respect to Historical
Information;”

[0292] U.S. patent application Ser. No. 12/568,087, filed on
Sep. 28, 2009, entitled “Methods and Apparatus for Generat-
ing an Electronic Record of Environmental [Landmarks Based
on Marking Device Actuations;”

[0293] U.S. patent application Ser. No. 12/572,260, filed on
Oct. 1, 2009, entitled “Methods and Apparatus for Analyzing
Locate and Marking Operations with Respect to Environmen-
tal Landmarks;” and

[0294] U.S. patent application Ser. No. 12/703,809, filed on
Apr. 14, 2010, entitled “Marking Apparatus Equipped with
Ticket Processing Software for Facilitating Marking Opera-
tions, and Associated Methods.”

TABLE 2

Example rules of assessment business rules 240

Number Category Impacts Name Description
BR-001 Complexity Time, Keywords - Use keywords to predict complexity
Risk, Complexity potential and/or high
Resource profile potential
BR-002 Complexity Time, Complexity Determine whether excavation notice
Risk, Region - is within a Complexity Region
Resource  Complexity
BR-003 Complexity Time, Proximity to Use proximity to historical high
Risk, Historical High profile tickets to estimate high
Resource  Profile - High profile potential
Profile
BR-004 Complexity Time, Project/Hourly Determine if a project/hourly scope
Risk, Scope - applies to the excavation notice
Resource, Complexity
Revenue
BR-005 Complexity Time, Emergency/Short Determine if an emergency/short
Risk, Notice Type - notice type applies to the excavation
Resource  Complexity notice
BR-006 Time Time Locate Count - Use number of locates to set initial
Time estimate of ticket duration
BR-007 Time Time Facility Type - Use facility types to be located to
Time adjust estimated ticket duration
BR-008 Time Time High Profile - Use high profile certainty to adjust
Time estimated ticket duration
BR-009 Time Time High Profile Use high profile potential to adjust
Potential - Time  estimated ticket duration
BR-010 Time Time Complexity Use complexity regions to adjust
Regions - Time estimated ticket duration
BR-011 Time Time Service Type - Use the service type (emergency or
Time short notice) to adjust estimated
ticket duration
BR-012 Time Time Project/Hourly Adjust duration for project/hourly
Scope - Time scope excavation notice
BR-013 Risk Risk Facility Types - Use facility types to estimate risk
Risk
BR-014 Risk Risk Proximity to Use proximity to historical damage
Historical High reports to adjust estimated risk
Profile - Risk
BR-015 Risk Risk Excavator Use excavator damage history to
Damage History - adjust estimated risk
Risk
BR-016 Risk Risk High Profile Use high profile potential to adjust
Potential - Risk ~ estimated risk
BR-017 Risk Risk Service Type - Use the service type (emergency or
Risk short notice) to adjust estimated risk
BR-018 Risk Risk Project/Hourly Adjust risk for project/hourly scope
Scope - Risk excavation notice
BR-019 Value Value Billing Rules Per  Apply applicable Per Ticket billing
Ticket - Value business rates and rules to determine
value
BR-020 Value Value Duplicate Ticket ~ Apply duplicate ticket rules to
Rules - Value determine if billing value is zero
BR-021 Value Value Billing Rates By ~ Apply applicable By Unit billing

Unit- Value business rates and rules to determine

value
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TABLE 2-continued

Example rules of assessment business rules 240

Number Category Impacts Name Description
BR-022 Value Value Project/Hourly Adjust value for project/hourly scope
Scope - Value excavation notice
BR-023 Resource Resource  Determine Determine skill requirements for the
Resource excavation notice
Requirements -
Skill
TABLE 3

First example complexity determination of assessment business rules 240

Business BR-001 (of Table 2)
Rule ID
Business Keywords - Complexity BR Category:
Rule Name CPL
Business Rule  Use keywords to predict complexity potential and/or high
Description profile potential
Fields Excavation Notice ID, Work Order Number, Task ID, locate
Required instruction text, comment text, excavation type description
Rule IF excavation type description contains FiOS
Operation THEN complexity type = High Profile Potential
Example
Implemen- The keywords will be stored in a decision table as an input column,
tation with corresponding values for complexity type and high potential
reason description. For example:
KEYWORD HIGH PROFILE
COMPLEXITY TYPE REASON DESCRIPTION
FiOS High Profile Potential Fiber Optic
Gated Gated
AFB Military Base
Aerial Aerial Power Lines
TABLE 4

Second example complexity determination of assessment business rules 240

Business BR-002 (of Table 2)

Rule ID

Business Complexity Region - Complexity BR Category:

Rule Name CPL

Business Rule  Determine whether excavation notice is within a Complexity Region
Description

Fields Excavation Notice ID, Work Order Number, Task ID, latitude number,
Required longitude number

Rule IF work location is inside a gated community

Operation THEN Complexity Type = Gated

Example

Implemen- The complexity regions will be defined by Supervisors using

tation the Scheduling interface. The complexity region is defined

by a complexity type, high profile reason description (if
applicable), and a series of latitude/longitude coordinates
which define a complexity region polygon.

TABLE §

Third example complexity determination of assessment business rules 240

Business BR-003 (of Table 2)

Rule ID

Business Proximity to Historical High BR Category:
Rule Name Profile - High Profile CPL

Business Rule  Use proximity to historical high profile tickets to estimate high
Description profile potential

17,2011



US 2011/0040589 Al Feb. 17,2011
29

TABLE 5-continued

Third example complexity determination of assessment business rules 240

Fields Excavation Notice ID, Work Order Number, Task ID, lat number,
Required long number, Facility Type Code, Facility Type Description

Rule IF work location is within a 100 yard radius of a high profile
Operation historical location

Example THEN Complexity Type = High Profile Potential

High Profile Potential Reason =

Historical High Profile Reason
Implemen- Historical high profile tickets will be retained with high profile
tation reason description and latitude/longitude coordinates which define

the work location.

TABLE 6

Fourth example complexity determination of assessment business rules 240

Business BR-004 (of Table 2)

Rule ID

Business Project/Hourly Scope - BR Category:

Rule Name Complexity CPL

Business Rule  Determine if a project/hourly scope applies to the excavation

Description notice

Fields Excavation Notice ID, Work Order Number, Task ID, Size of Locate

Required Area, Footage, Miles, Bounded By, locate instruction text, comment
text, excavation type description

Rule IF size of locate area in miles is greater than 0.5

Operation THEN Hourly Status Indicator = True

Example

Implemen- The decision factors leading to hourly status designation center

tation upon the complexity and size of the locate task, and travel

considerations such as whether the worksite is a remote/rural/
desert location. Decisions will be based upon dimensional fields
(Size of Locate Area, Footage, Miles, Bounded By) and keyword
fields (locate instruction text, comment text, excavation type
description).

Business rules such as this one, which are derived based upon
billing tables, will need to undergo definition and validation
prior to rollout in any given location. This is due to the

fact that the rules can differ from contract-to-contract, and

by area to area within a state.

TABLE 7

Fifth example complexity determination of assessment business rules 240

Business BR-005 (of Table 2)

Rule ID

Business Emergency/Short Notice BR Category:

Rule Name Type - Complexity CPL

Business Rule  Determine if an emergency/short notice type applies to the
Description excavation notice

Fields Excavation Notice ID, Work Order Number, Task ID, Service Type,
Required locate instruction text, comment text, excavation type description
Rule IF excavation type description contains Emergency

Operation THEN service type = Emergency

Example

Implemen- For tickets with a routine ticket type, keywords will be searched
tation for to determine if a short notice or emergency ticket type should

in fact be applied to the excavation notice.
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TABLE 8

First example time estimation of assessment business rules 240

Business BR-006 (of Table 2)

Rule ID

Business Locate Count - BR Category:
Rule Name Time TME

Business Rule Use number of locates to set an initial estimate of

Description ticket duration.
Fields work__order.work__order__id,
Required work__order_ locate_ task.work_order_ locate_ task__

id

Feb. 17,2011
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TABLE 8-continued

First example time estimation of assessment business rules 240

Rule IF count(tasks) > 3
Operation THEN duration = 19
Example
Implemen- The locate count values and corresponding ticket
tation duration values are stored in locate__assess__cond.
For example:
LOCATE AVG
COUNT DURATION
1 7
2 13
3 19
TABLE 9

Second example time estimation of assessment business rules 240

Business BR-007 (of Table 2)

Rule ID

Business Facility Type - Time BR Category:
Rule Name TME

Business Rule

Use facility types to be located to adjust estimated

Description ticket duration

Fields util_type_ code.displ_type_ code,
util_locate_ request.util_type_ code,

Required util_locate_request.util_locate_ request__id,
work_order_locate_task.util_locate_ request_id,
work__order__locate__task.work__order__id

Rule IF Facility Type Codes include Gas

Operation THEN duration = duration + 4

Example

Implemen- The facility type values with associated adjustment values

tation are stored in locate__assess__cond. Note that the reason that,
for example, the sewer number might be a negative adjustment,
is that statistics might tell us that 3-locate tickets with
sewer are, on average, 3 minutes shorter in duration than
3-locate tickets without a sewer locate. For example:
FACILITY TYPE DURATION ADJUSTMENT
Gas 4
Sewer -3
‘Water -2

TABLE 10
Third example time estimation of assessment business rules 240

Business BR-008 (of Table 2)

Rule ID

Business High Profile - Time BR Category:

Rule Name TME

Business Rule  Use high profile certainty to adjust estimated ticket duration

Description

Fields high_ profile_ reason_ code.displ_ reason_ code,

Required util_locate__high_ profile_ reason.high profile_ reason_ code,

util_locate high profile_ reason.util_locate_request_id,
util_locate_request.util_locate_ request__id,
work__order_ locate_ task.util_locate_ request__id,
work__order_ locate_ task.work_ order__id
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TABLE 10-continued

Third example time estimation of assessment business rules 240

Rule IF High Profile Reason Code = HCPHONE

Operation THEN duration = duration * 1.23

Example

Implemen- The high profile reason codes will be stored in a decision
tation table as an input column, with corresponding multiplier

values for ticket duration. For example:

HIGH PROFILILE HP REASON DURATION
REASON CODE DESCRIPTION MULTIPLIER
None 1o reason 1.15
FiOS Fiber Optic 1.38
HCPHONE High Capacity 1.23
Phone Line
TABLE 11

Fourth example time estimation of assessment business rules 240

Business BR-009 (of Table 2)

Rule ID

Business High Profile Potential - Time BR Category:
Rule Name TME
Business Rule  Use proximity to historical high profile areas to adjust
Description estimated ticket duration

Fields work__order.lat_ nbr, work_ order.long_ nbr,

Required high_profile_ service__area.high profile reason_ code,

high profile_ reason_ code.high profile reason_ code,
util_locate_request.util_locate_ request__id,
util_locate_high_profile reason.util_locate_ request_id,
work__order__locate__task.work__order__id,
work_order_locate_task.util_locate_ request_id

Rule IF High Profile Potential Reason Code = HCPHONE
Operation THEN duration = duration * 1.18

Example

Implemen- The high profile reason codes will be stored in a decision
tation table as an input column, with corresponding multiplier

values for ticket duration.
For example:

HI PROFILE HP POTENTIAL DURATION
REASON CODE REASON DESCRIPTION MULTIPLIER
None 1o reason 1.08
FiOS Fiber Optic 1.30
HCPHONE High Capacity 1.18
Phone Line
TABLE 12

Fifth example time estimation of assessment business rules 240

Business BR-010 (of Table 2)

Rule ID

Business Complexity BR Category:

Rule Name Regions - Time TME

Business Rule  Use complexity regions to adjust estimated ticket duration. Determine

Description if work order is in a complexity region by determining whether the
work order location is inside a defined complexity area.

Fields complexity__reason_ code.displ__reason_ code,

Required complexity__service_ area.service_ area_ id,

service__area_ coordnat.seq_ nbr, service__area_ coordnat.lat_ nbr,
service__area_ coordnat.long  nbr,

service__area_ coordnat.spatial_type_ code,
service__area.service__area_ id,

work__order.lat_ nbr,

work__order.long_ nbr

17,2011
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TABLE 12-continued

Fifth example time estimation of assessment business rules 240

Rule IF Complexity Region Type = Military Base
Operation THEN duration = duration + 35
Example
Implemen- The complexity region type codes will be stored in a decision table
tation as an input column, with corresponding multiplier values for ticket
duration. For example:
COMPLEXITY DURATION
REGION TYPE ADJUSTMENT
Gated 15
Military Base 35
Aerial -10
TABLE 13
Sixth example time estimation of assessment business rules 240
Business BR-011 (of Table 2)
Rule ID
Business Service BR Category:
Rule Name Type - Time TME
Business Rule Use the service type (emergency or short notice) to adjust
Description estimated ticket duration
Fields work__order__locate__task.work__order__id,
Required excavatn_ notice.ticket_ type__code,
client_ locate_request.excavatn_ notice_id,
excavatn_ notice.excavatn_ notice_id,
util_locate_request.util_locate_ request__id,
work__order_ locate_ task.util_locate_ request__id,
ticket__type__code.displ__type_ code
Rule IF Service Type = Emergency
Operation THEN duration = duration * 1.43
Example
Implemen- The service types will be stored in a decision table as an input
tation column, with corresponding multiplier values for ticket duration.
For example:
DURATION
SERVICE TYPE MULTIPLIER
Emergency 1.23
Short Notice 1.82
TABLE 14
Seventh example time estimation of assessment business rules 240
Business BR-012 (of Table 2)
Rule ID
Business Project/Hourly BR Category:
Rule Name Scope - Time TME
Business Rule  Adjust duration for project/hourly scope excavation notice
Description
Fields excavatn_ notice.site__dig length,
Required excavatn_ notice.site__dig width,
excavatn_ notice.site_dig depth,
excavatn_ notice.site__dig length_ uom_ code,
excavatn_ notice.site__dig width_uom_ code,
excavatn_ notice.site_dig depth__uom_ code,
excavatn__notice.excavatn__notice_id,
client_locate_ request.client_locate_ request_id,
util_locate_ request.client_locate_ request_id,
work_order_locate_task.util_locate_ request_id,
work__order__locate__task.work__order__id,
Rule IF excavation size greater than minimum for project scope status
Operation THEN duration = duration * (size of locate area in miles)/0.5
Example
Implemen- The duration adjustment will be proportional to
tation the appropriate locate size field, divided by

the baseline appropriate to that field.

Feb. 17,2011
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TABLE 14-continued

Seventh example time estimation of assessment business rules 240

1. If the dig dimension fields are not populated, ignore this rule.
2. If the dig dimension fields are populated, and if the dig
square footage is over the stored lookup value for square feet
(e.g., 10,000), adjust the duration upwards in proportion to

the ratio for square footage.

3. If the dig dimension fields are populated, and item 2 does
not apply, and if the dig length is above the stored lookup

value for length in miles, adjust the duration upwards in
proportion to the ratio for linear miles. For example:

SCOPE MEASURABLE BASELINE

Length of Locate Area 0.5 miles

Footage 10000 sq ft
TABLE 15

First example risk estimation of assessment business rules 240

Business BR-013 (of Table 2)

Rule ID

Business Facility BR Category:

Rule Name Types - Risk RSK

Business Rule  Use facility types to estimate risk

Description

Fields Excavation Notice ID, Work Order Number, Task ID, Facility Type

Required

Rule IF facility type descriptions contain gas and water

Operation THEN Risk=2.5+0.2=2.7

Example

Implemen- The facility types will be stored in a decision table as an input

tation column, with corresponding values for additive facility type risk
values. For example:
FACILITY TYPE FACILITY TYPE
DESCRIPTION RISK VALUE
Gas 2.5
Electric 0.7
Water 0.2

TABLE 16

Second example risk estimation of assessment business rules 240

Business BR-014 (of Table 2)

Rule ID

Business Proximity to Historical BR Category:

Rule Name High Profile - Risk RSK

Business Rule  Use proximity to historical damage reports to adjust estimated risk
Description

Fields Excavation Notice ID, Work Order Number, Task ID, lat number, long
Required number, damage latitude, damage longitude, damage amount

Rule IF work location is within a 500 yard radius of one or more damage
Operation report historical locations totaling $15,000

Example THEN Risk = Risk * 2.0

Implemen- The $15,000 figure cited above is only an example, the actual
tation criteria will be defined by Risk Management based upon historical

statistics, and will be specific to an individual area. Historical
damage reports will be retained along with excavator, damage cost,
facility type, and latitude/longitude coordinates which define the
damage location. For example:

MIN MAX RISK
DAMAGE DAMAGE MULTIPLIER
1 1000 1.1
1000 10000 1.3
10000 100000 2.0

100000 1000000 4.0

17,2011
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TABLE 17

Third example risk estimation of assessment business rules 240

Business BR-015 (of Table 2)
Rule ID
Business Excavator Damage BR Category:
Rule Name History - Risk RSK
Business Rule  Use excavator damage history to adjust estimated risk
Description
Fields Excavation Notice ID, Work Order Number, Task ID, lat number, long
Required number, excavator, excavator damage amount, excavator damage count,
excavator locate count
Rule IF High Profile Potential Reason Code Is Between 100 and 300
Operation THEN risk = risk * 2.0
Example
Implemen- Historical damage reports will be retained along with excavator, damage
tation cost, facility type, and latitude/longitude coordinates which define the
damage location. For example:
MAXIMUM EXCAVATOR DAMAGE AMOUNT PER LOCATE
AS PERCENTAGE OF MEANMAXIMUM EXCAVATOR
DAMAGE AMOUNT PER LOCATE AS PERCENTAGE OF
RISK
MEAN MULTIPLIER
0 50 0.5
50 100 1.0
100 300 2.0
300 600 4.0
Additionally, risk multipliers will be applied for excavator
damage count:
MAXIMUM EXCAVATOR DAMAGE COUNT PER LOCATE
AS PERCENTAGE OF MEANMAXIMUM EXCAVATOR
DAMAGE COUNT PER LOCATE AS PERCENTAGE OF
RISK
MEAN MULTIPLIER
0 50 0.5
50 100 1.0
100 300 1.3
300 600 1.8
TABLE 18
Fourth example risk estimation of assessment business rules 240
Business BR-016 (of Table 2)
Rule ID
Business High Profile BR Category:
Rule Name Potential - Risk RSK
Business Rule  Use high profile potential to adjust estimated risk
Description
Fields Excavation Notice ID, Work Order Number, Task ID, High Profile
Required Potential (derived), High Profile Potential Reason (derived)
Rule IF High Profile Potential Reason Description = Fiber Optic
Operation THEN risk = risk * 4.0
Example
Implemen- The high profile reason codes will be stored in a decision table as an
tation input column, with corresponding multiplier values for risk.
For example:
HP POTENTIAL REASON HP POTENTIAL REASON
DESCRIPTION RISK MULTIPLIER
581 no reason 1.8
585 Fiber Optic 4.0

586 High Capacity Phone Line 2.5

Feb

17,2011
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TABLE 20

Fifth example risk estimation of assessment business rules 240

Sixth example risk estimation of assessment business rules 240

Business BR-017 (of Table 2) Business BR-018 (of Table 2)
Rule ID Rule ID
Business Service Type - Risk BR Category: Business Project/Hourly BR Category:
Rule Name RSK Rule Name Scope - Risk RSK
Business Rule Use the service type (emergency or short notice) to Business Rule Adjust risk for project/hourly scope excavation
Description adjust estimated risk Description notice
Fields Excavation Notice ID, Work Order Number, Fields Excavation Notice ID, Work Order Number,
Required Task ID.’ Service Type Required Task ID, Hourly Status Indicator, Size
Rule . IF Service Type = Emergency of Locate Area, Footage, Miles, Bounded By
gz;rljnlc;n THEN risk = risk* 2.85 Rule IF Hourly Status Indicator = True
Implefnen- The service types will be stored in a decision table Operation THEN risk =risk * (size of locate area
tation as an input column, with corresponding multiplier Example n mll‘?s)/O.S . .
values for ticket duration. For example: Implemen- The rlsk. adjustment. will be pr.oplomonal to the
SERVICE RISK tation appropriate locate size field, divided by the
TYPE MUITIPLIER baseline appropriate to that field. For example:
SCOPE MEASURABLE BASELINE
Emergency 2.85
Short Notice - 2 hours 3.46 Size of Locate Area 0.5 miles
Short Notice - 3 hours 3.11 Footage 10000 sq ft
TABLE 21
First example value estimation of assessment business rules 240
Business BR-019 (of Table 2)
Rule ID
Business Billing Rules Per BR Category:
Rule Name Ticket - Value VAL
Business Rule  Use estimated located value to estimate ticket value
Description
Fields Excavation Notice ID, Work Order Number, Task ID, Member Code,
Required Estimated Located Value (Derived from Billing Rate Tables)
Rule IF estimated located value equals $35.50
Operation THEN Value = $35.50
Example
Implemen- If the billing method associated with the client is “Per Ticket” or “Per
tation Transmission”, then assume a located, normal, closed ticket. Then

lookup the billing rate value associated with the member code associated
with the facility locate request and a located, normal, closed ticket.

TABLE 22

Second example value estimation of assessment business rules 240

Business
Rule ID
Business
Rule Name
Business Rule
Description
Fields
Required
Rule
Operation
Example
Implemen-
tation

BR-020 (of Table 2)

Duplicate Ticket BR Category:
Rules - Value VAL
Apply duplicate ticket rules to determine if date worked affects value

Excavation Notice ID, Work Order Number, Task ID, Duplicate Rule
Applicability (Derived)
IF duplicate rule is true

THEN Value =0

A subset of the billing subsystem business rules deal with the application
of duplicate ticket rules applicable to many service contracts. Many
client contracts stipulate that the locating company cannot charge for
services performed on a duplicate ticket. These contracts also stipulate
what conditions define a duplicate ticket. For example, a contract may
define a duplicate ticket as two or more tickets transmitted on the same
business day with identical excavation sites.

Business Rule ID: BR-21.0

Business Rule Name: Duplicate Address on Same Day

Business Rule Description Cannot bill for subsequent unique Tickets on the
same day with the same address



US 2011/0040589 Al

36

TABLE 22-continued

Second example value estimation of assessment business rules 240

Fields Required Ticket#, AddressID, Date
Rule Operation Find = [Ticket#, AddressID, Date]
If Found > “true”
Then No Charge

Status on found record = NC
END
A variant of this rule involves tickets that must be re-worked. For example,
the locator may mark facilities on an excavation site; the excavator
subsequently damages or destroys the markings. In this scenario, the locating
company is considered “not at fault” for the re-work, and according
to the terms of the contract may charge the facility for this re-work.
Business Rule ID: BR-21.1
Business Rule Name: Duplicate Ticket, re-work
Business Rule Description Cannot bill for duplicate tickets if at fault

Fields Required Ticket Number, Ticket Type
Rule Operation If Ticket = “Dup” And “At Fault” = True
Then No Charge
Status = NC
END

Another variant of this rule involves a more stringent definition of
what constitutes a duplicate ticket. A contract may stipulate that the
locating company cannot charge the facility for two tickets transmitted
on the same day within a certain proximity to each other (although at
different addresses).

Business Rule ID: BR-21.2

Business Rule Name: Duplicate Ticket, Contract-specific attributes
Business Rule Description  Cannot bill for duplicate tickets defined by
contract-specific attributes

Fields Required Ticket Number, Ticket Type,
Contract-specific attributes
Rule Operation If Ticket = “Dup”
Then No Charge
Status = NC
END
TABLE 23
Business BR-AE-021
Rule ID
Business Billing Rates BR Category:
Rule Name By Unit- Value VAL
Business Rule Apply applicable By Unit billing business rates and rules
Description to determine value
Fields Excavation Notice ID, Work Order Number,
Required Task ID, Member Code, Billing Rate Table Criteria
and Values
Rule IF member code equals 74538 and quantity equals 1
Operation THEN Value = 25.75
Example
Implemen- If the billing method associated with the client is “By
tation Unit”, then assume a quantity of 1 (this would mean that
the lowest lineal feet in the billing table would be applied).
Then lookup the billing rate value associated with the member
code associated with the utility locate request and
a quantity of one.
TABLE 24
Business BR-AE-022
Rule ID
Business Project/Hourly BR Category:
Rule Name Scope - Value VAL
Business Rule Adjust value for project/hourly scope excavation notice
Description
Fields Excavation Notice ID, Work Order Number, Task ID,
Required Hourly Status Indicator, Size of Locate Area, Footage,
Miles, Bounded By
Rule IF Hourly Status Indicator = True
Operation THEN value = 4 * (size of locate area in miles)/0.5

Example

Feb

17,2011



US 2011/0040589 Al Feb. 17,2011

37

TABLE 24-continued

Implemen- Value for hourly projects is governed by the billing tables (per
tation contractual terms). Most contracts pay on unit pay rather than
hourly. If the contract allows for per hour billing, then the
value adjustment will be proportional to the appropriate locate
size field, multiplied by the baseline hours for that field,
divided by the baseline appropriate to that field. For example:
SCOPE BASELINE BASELINE
MEASURABLE SIZE HOURS
Size of 0.5 miles 4
Locate Area
Footage 10000 sq ft 3
inventive embodiments may be practiced otherwise than as
TABLE 25 specifically described and claimed. Inventive embodiments
. of the present disclosure are directed to each individual fea-
Business BR-AE-022 . . . .
Rule ID ture, system, article, material, kit, and/or method described
Business Project/Hourly BR Category: herein. In addition, any combination of two or more such
Rule Name Scope--Value VAL features, systems, articles, materials, kits, and/or methods, if
SCOPE BASELINE BASELINE h f icl Jals. ki &/ h
MEASURABLE SIZE HOURS such features, systems, .artlc e.s, matepa .s, ts, and pr met -
ods are not mutually inconsistent, is included within the
Size of Locate Area 0.5 miles 4 inventive scope of the present disclosure.
Footage 10000 sq ft 3 . . .
[0296] The above-described embodiments can be imple-
mented in any of numerous ways. For example, the embodi-
ments may be implemented using hardware, software or a
TABLE 26 combination thereof. When implemented in software, the
Business BR-AE-023 software code can be executed on any suitable processor or
Rule ID collection of processors, whether provided in a single com-
Business Determine Resource BR Category: s ot :
Rule Name Requirements - Skill KL puter or distributed among @ultlple .computers.
Business Rule Determine skill requirements for the excavation notice [0297] FIG. 19 shows an illustrative computer 1900 that
Description ) ) may be used for improving information management, dis-
Fields Excavation Notice ID, Work Order Number, Task ID, . . d utilizati in the 1 ind d oth
Required Service Type, Utility Type, locate instruction text, semlnatlop, ap uti I.Zathn in the locate l.n ustry and ot e.r
comment text, excavation type description field service industries, in accordance with some embodi-
Rule IF Utility Type equals Gas AND High Profile ments. For example, the computer 1900 comprises a memory
Operation equals True 1910 . it1912 (which includ
Example THEN Add Resource Requirement for Gas » @ processing uni (W l? may .1nc udeone or more
Add Resource Requirement for Expert processors), one or more communication interfaces 1914, one
Add Resource Requirement for High Profile or more display units 1916, and one or more user input
Implemen- Examples of skill levels include novice locator, devi . :
: ; evices 1918. The memory 1910 may comprise any tangible
tation experienced locator, and expert locator. Examples of N A
skill areas include gas qualification, military computer-readable media, and may store computer instruc-
base eligibility, high profile qualified, and tions for implementing various components of a ticket man-
downtown qualified. agement system, such as the ticket parser 210 and the ticket
assessment engine 230 shown in FIG. 2 and the geographic
[0295] While various inventive embodiments have been information system 610 shown in FIG. 6. The processing unit

described and illustrated herein, those of ordinary skill in the
art will readily envision a variety of other means and/or struc-
tures for performing the function and/or obtaining the results
and/or one or more of the advantages described herein, and
each of such variations and/or modifications is deemed to be
within the scope of the inventive embodiments described
herein. More generally, those skilled in the art will readily
appreciate that all parameters, dimensions, materials, and
configurations described herein are meant to be exemplary
and that the actual parameters, dimensions, materials, and/or
configurations will depend upon the specific application or
applications for which the inventive teachings is/are used.
Those skilled in the art will recognize, or be able to ascertain
using no more than routine experimentation, many equiva-
lents to the specific inventive embodiments described herein.
It is, therefore, to be understood that the foregoing embodi-
ments are presented by way of example only and that, within
the scope of the appended claims and equivalents thereto,

1912 may be used to execute the instructions implementing
these software components. The communication interface(s)
1914 may be coupled to a wired or wireless network, bus, or
other communication means and may therefore allow the
computer 1900 to transmit communications to and/or receive
communications from other devices. The display unit(s) 1916
may be provided, for example, to allow a human user to view
assessment outcomes produced by the ticket assessment
engine 230. The user input device(s) 1918 may be provided,
for example, to allow the human user to make any desired
manual adjustments to the assessment outcomes.

[0298] The various methods or processes outlined herein
may be coded as software that is executable on one or more
processors that employ any one of a variety of operating
systems or platforms. Additionally, such software may be
written using any of a number of suitable programming lan-
guages and/or programming or scripting tools, and also may
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be compiled as executable machine language code or inter-
mediate code that is executed on a framework or virtual
machine.

[0299] In this respect, various inventive concepts may be
embodied as a computer readable storage medium (or mul-
tiple computer readable storage media) (e.g., a computer
memory, one or more floppy discs, compact discs, optical
discs, magnetic tapes, flash memories, circuit configurations
in Field Programmable Gate Arrays or other semiconductor
devices, or other non-transitory medium or tangible computer
storage medium) encoded with one or more programs that,
when executed on one or more computers or other processors,
perform methods that implement the various embodiments of
the invention discussed above. The computer readable
medium or media can be transportable, such that the program
or programs stored thereon can be loaded onto one or more
different computers or other processors to implement various
aspects of the present invention as discussed above.

[0300] The terms “program” or “software” are used herein
in a generic sense to refer to any type of computer code or set
of computer-executable instructions that can be employed to
program a computer or other processor to implement various
aspects of embodiments as discussed above. Additionally, it
should be appreciated that according to one aspect, one or
more computer programs that when executed perform meth-
ods of the present invention need not reside on a single com-
puter or processor, but may be distributed in a modular fash-
ion amongst a number of different computers or processors to
implement various aspects of the present invention.

[0301] Computer-executable instructions may be in many
forms, such as program modules, executed by one or more
computers or other devices. Generally, program modules
include routines, programs, objects, components, data struc-
tures, etc. that perform particular tasks or implement particu-
lar abstract data types. Typically the functionality of the pro-
gram modules may be combined or distributed as desired in
various embodiments.

[0302] Also, data structures may be stored in computer-
readable media in any suitable form. For simplicity of illus-
tration, data structures may be shown to have fields that are
related through location in the data structure. Such relation-
ships may likewise be achieved by assigning storage for the
fields with locations in a computer-readable medium that
conveys relationship between the fields. However, any suit-
able mechanism may be used to establish a relationship
between information in fields of a data structure, including
through the use of pointers, tags or other mechanisms that
establish relationship between data elements.

[0303] Also, various inventive concepts may be embodied
as one or more methods, of which an example has been
provided. The acts performed as part of the method may be
ordered in any suitable way. Accordingly, embodiments may
be constructed in which acts are performed in an order dif-
ferent than illustrated, which may include performing some
acts simultaneously, even though shown as sequential acts in
illustrative embodiments.

[0304] All definitions, as defined and used herein, should
be understood to control over dictionary definitions, defini-
tions in documents incorporated by reference, and/or ordi-
nary meanings of the defined terms.

[0305] Theindefinite articles “a” and “an,” as used hereinin
the specification and in the claims, unless clearly indicated to
the contrary, should be understood to mean “at least one.”
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[0306] The phrase “and/or,” as used herein in the specifica-
tion and in the claims, should be understood to mean “either
or both” of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively present
in other cases. Multiple elements listed with “and/or” should
be construed in the same fashion, i.e., “one or more” of the
elements so conjoined. Other elements may optionally be
present other than the elements specifically identified by the
“and/or” clause, whether related or unrelated to those ele-
ments specifically identified. Thus, as a non-limiting
example, a reference to “A and/or B”, when used in conjunc-
tion with open-ended language such as “comprising” can
refer, in one embodiment, to A only (optionally including
elements other than B); in another embodiment, to B only
(optionally including elements other than A); in yet another
embodiment, to both A and B (optionally including other
elements); etc.

[0307] Asusedherein in the specification and in the claims,
“or” should be understood to have the same meaning as
“and/or” as defined above. For example, when separating
items in a list, “or” or “and/or” shall be interpreted as being
inclusive, i.e., the inclusion of at least one, but also including
more than one, of a number or list of elements, and, option-
ally, additional unlisted items. Only terms clearly indicated to
the contrary, such as “only one of” or “exactly one of,” or,
when used in the claims, “consisting of,” will refer to the
inclusion of exactly one element of a number or list of ele-
ments. In general, the term “or” as used herein shall only be
interpreted as indicating exclusive alternatives (i.e. “one or
the other but not both”) when preceded by terms of exclusiv-
ity, such as “either,” “one of,” “only one of,” or “exactly one
of” “Consisting essentially of,” when used in the claims, shall
have its ordinary meaning as used in the field of patent law.

[0308] Asusedherein in the specification and in the claims,
the phrase “at least one,” in reference to a list of one or more
elements, should be understood to mean at least one element
selected from any one or more of the elements in the list of
elements, but not necessarily including at least one of each
and every element specifically listed within the list of ele-
ments and not excluding any combinations of elements in the
list of elements. This definition also allows that elements may
optionally be present other than the elements specifically
identified within the list of elements to which the phrase “at
least one” refers, whether related or unrelated to those ele-
ments specifically identified. Thus, as a non-limiting
example, “at least one of A and B” (or, equivalently, “at least
one of A or B,” or, equivalently “at least one of A and/or B”)
can refer, in one embodiment, to at least one, optionally
including more than one, A, with no B present (and optionally
including elements other than B); in another embodiment, to
at least one, optionally including more than one, B, withno A
present (and optionally including elements other than A); in
yet another embodiment, to at least one, optionally including
more than one, A, and at least one, optionally including more
than one, B (and optionally including other elements); etc.

[0309] In the claims, as well as in the specification above,
all transitional phrases such as “comprising,” “including,”
“carrying,” “having,” “containing,” “involving,” ‘“holding,”
“composed of,” and the like are to be understood to be open-
ended, i.e., to mean including but not limited to. Only the
transitional phrases “consisting of” and “consisting essen-
tially of” shall be closed or semi-closed transitional phrases,
respectively, as set forth in the United States Patent Office
Manual of Patent Examining Procedures, Section 2111.03.
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What is claimed is:

1. An apparatus for assessing complexity of a locate and/or
marking operation requested in a locate request ticket, the
locate and/or marking operation comprising detecting and/or
marking a presence or an absence of at least one underground
facility within a dig area, wherein at least a portion of the dig
areais planned to be excavated or disturbed during excavation
activities, the apparatus comprising:

at least one communication interface;

at least one memory to store processor-executable instruc-
tions; and

at least one processor communicatively coupled to the at
least one memory and the at least one communication
interface, wherein, upon execution of the processor-ex-
ecutable instructions, the at least one processor:

A) analyzes ticket information obtained from the locate
request ticket;

B) assigns at least one complexity designation to the
locate request ticket based at least in part on A); and

C) controls the at least one communication interface to
transmit, and/or controls the at least one memory to
store, the at least one complexity designation so as to
facilitate clearing the locate request ticket and/or dis-
patching at least one locate technician to perform the
locate and/or marking operation, based at least in part
on the at least one complexity designation.

2. The apparatus of claim 1, wherein the at least one com-
plexity designation comprises a numerical score or a descrip-
tive category.

3. The apparatus of claim 1, wherein the at least one pro-
cessor further:

D) creates at least one work order corresponding to the
locate request ticket, the work order comprising the at
least one complexity designation assigned to the locate
request ticket; and

E) annotates the work order with at least one reason code or
description associated with the at least one complexity
designation,

and wherein, in C), the processor controls the at least one
communication interface to transmit, and/or controls the
at least one memory to store, the at least one work order.

4. The apparatus of claim 1, wherein:

in A), the at least one processor recognizes in the ticket
information at least one keyword and/or code associated
with a high profile facilities type; and

in B), the at least one processor assigns the at least one
complexity designation based at least in part on the high
profile facilities type.

5. The apparatus of claim 1, wherein, in A), the at least one

processor:

Al) identifies, based on the ticket information analyzed in
A), at least one work site location at which the locate
and/or marking operation is to be performed; and

A2) determines whether the at least one work site location
is within at least one complexity region.

6. The apparatus of claim 5, wherein, in A2), the at least one

processor:

retrieves a plurality of coordinates specifying the at least
one complexity region; and

determines whether the at least one work site location is
within the at least one complexity region based on the
plurality of coordinates.

7. The apparatus of claim 6, wherein at least some of the

plurality of coordinates are computed based at least in part on
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delimitation information from a digital map, the delimitation
information delimiting at least one complex geographical
area.

8. The apparatus of claim 7, wherein the at least one com-
plex geographical area is selected from a group consisting of:
ahighway, a set of railroad tracks, a park, a hospital, a school,
a gated community, a zoning parcel, and a military base.

9. The apparatus of claim 6, wherein at least some of the
plurality of coordinates are computed based at least in part on
one or more electronic markings generated by a user to define
the at least one complexity region.

10. The apparatus of claim 5, wherein:

in A2), the at least one processor determines whether the at
least one work site location is within a threshold distance
of at least one historical ticket location associated with a
previous ticket that is assigned a first complexity desig-
nation; and

in B), the at least one processor assigns the first complexity
designation to the locate request ticket.

11. The apparatus of claim 1, wherein, in A), the at least one

processor:

Al) determines whether billing of the locate and/or mark-
ing operation is based on units of work performed.

12. The apparatus of claim 11, wherein, in A1), the at least

one processor:

A2) identifies, based on the ticket information analyzed in
A), at least one work site location at which the locate
and/or marking operation is to be performed; and

A3)identifies at least one billing table corresponding to the
work site location.

13. The apparatus of claim 1, wherein:

in A), the at least one processor identifies, based on the
ticket information analyzed in A), at least one service
type associated with the locate and/or marking opera-
tion, the at least one service type being specified by at
least one contract between a locate service provider and
at least one other entity, under which contract the locate
service provider is to perform at least part of the locate
and/or marking operation; and

in B), the at least one processor assigns the at least one
complexity designation based at least in part on the at
least one service type.

14. The apparatus of claim 13, wherein the service type is
selected from a group consisting of: emergency, short notice,
re-mark, re-stake, and re-note.

15. The apparatus of claim 1, wherein the at least one
processor further:

D) uses the at least one complexity designation to assess at
least one other attribute of the locate and/or marking
operation.

16. The apparatus of claim 15, wherein the at least one
other attribute is selected from a group consisting of: time,
risk, resource, and value.

17. In a system comprising at least one processor, at least
one memory, and at least one communication interface, a
method for assessing complexity of a locate and/or marking
operation requested in a locate request ticket, the locate and/
or marking operation comprising detecting and/or marking a
presence or an absence of at least one underground facility
within a dig area, wherein at least a portion of the dig area is
planned to be excavated or disturbed during excavation activi-
ties, the method comprising:

A) analyzing, via the at least one processor, ticket infor-

mation obtained from the locate request ticket;
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B) assigning, via the at least one processor, at least one
complexity designation to the locate request ticket based
at least in part on A); and

C) transmitting via the at least one communication inter-
face, and/or storing in the at least one memory, the at
least one complexity designation so as to facilitate clear-
ing the locate request ticket and/or dispatching at least
one locate technician to perform the locate and/or mark-
ing operation, based at least in part on the at least one
complexity designation.

18. The method of claim 17, wherein the at least one
complexity designation comprises a numerical score or a
descriptive category.

19. The method of claim 17, further comprising:

D) creating at least one work order corresponding to the
locate request ticket, the work order comprising the at
least one complexity designation assigned to the locate
request ticket; and

E) annotating the work order with at least one reason code
or description associated with the at least one complex-
ity designation.

and wherein C) comprises transmitting and/or storing the
at least one work order.

20. The method of claim 17, wherein:

A) comprises recognizing in the ticket information at least
one keyword and/or code associated with a high profile
facilities type; and

B) comprises assigning the at least one complexity desig-
nation based at least in part on the high profile facilities
type.

21. The method of claim 17, wherein A) comprises:

Al) identifying, based on the ticket information analyzed
in A), at least one work site location at which the locate
and/or marking operation is to be performed; and

A2) determining whether the at least one work site location
is within at least one complexity region.

22. The method of claim 21, wherein A2) comprises:

retrieving a plurality of coordinates specifying the at least
one complexity region; and

determining whether the at least one work site location is
within the at least one complexity region based on the
plurality of coordinates.

23. The method of claim 22, wherein at least some of the
plurality of coordinates are computed based at least in part on
delimitation information from a digital map, the delimitation
information delimiting at least one complex geographical
area.

24. The method of claim 23, wherein the at least one
complex geographical area is selected from a group consist-
ing of: a highway, a set of railroad tracks, a park, a hospital, a
school, a gated community, a zoning parcel, and a military
base.

25. The method of claim 22, wherein at least some of the
plurality of coordinates are computed based at least in part on
one or more electronic markings generated by a user to define
the at least one complexity region.
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26. The method of claim 21, wherein:

A2) comprises determining whether the at least one work
site location is within a threshold distance of at least one
historical ticket location associated with a previous
ticket that is assigned a first complexity designation; and

B) comprises assigning the first complexity designation to
the locate request ticket.

27. The method of claim 17, wherein A) comprises:

Al) determining whether billing of the locate and/or mark-
ing operation is based on units of work performed.

28. The method of claim 27, wherein A1) comprises:

A2) identifying, based on the ticket information analyzed
in A), at least one work site location at which the locate
and/or marking operation is to be performed; and

A3) identifying at least one billing table corresponding to
the work site location.

29. The method of claim 17, wherein:

A) comprises identifying, based on the ticket information
analyzed in A), at least one service type associated with
the locate and/or marking operation, the at least one
service type being specified by at least one contract
between a locate service provider and at least one other
entity, under which contract the locate service provider
is to perform at least part of the locate and/or marking
operation; and

B) comprises assigning the at least one complexity desig-
nation based at least in part on the at least one service

pe.

30. The method of claim 29, wherein the service type is
selected from a group consisting of: emergency, short notice,
re-mark, re-stake, and re-note.

31. The method of claim 17, further comprising:

D) using the at least one complexity designation to assess
at least one other attribute of the locate and/or marking
operation.

32. The method of claim 31, wherein the at least one other
attribute is selected from a group consisting of: time, risk,
resource, and value.

33. At least one non-transitory computer-readable storage
medium encoded with at least one program including proces-
sor-executable instructions that, when executed by a proces-
sor, perform a method for assessing complexity of a locate
and/or marking operation requested in a locate request ticket,
the locate and/or marking operation comprising detecting
and/or marking a presence or an absence of at least one
underground facility within a dig area, wherein at least a
portion of the dig area is planned to be excavated or disturbed
during excavation activities, the method comprising:

A) analyzing ticket information obtained from the locate

request ticket;

B) assigning at least one complexity designation to the
locate request ticket based at least in part on A); and

C) transmitting and/or storing the at least one complexity
designation so as to facilitate clearing the locate request
ticket and/or dispatching at least one locate technician to
perform the locate and/or marking operation, based at
least in part on the at least one complexity designation.
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