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This is the second report published from SHRP 2 Renewal Project R0O1: Encouraging Inno-
vation in Locating and Characterizing Underground Utilities. While the first publication
focused on reporting existing and emerging technologies and recommending subsequent
research work in this area, this report presents the development of the Selection Assistant
for Utility Locating Technologies (SAULT). SAULT is a web-based software tool that serves
as decision support for identifying effective utility-locating methods for particular site and
project environments.

As part of Phase 1 of SHRP 2 Renewal Project R0O1, the Trenchless Technology Center at
Louisiana Tech University developed an extensive database designed to serve as a quick tech-
nical reference tool for existing and emerging utility-locating and characterization methods.
For each locating technology, the reference database provided a short description, a com-
prehensive list of performance characteristics, typical applications, and an image. The data-
base was originally developed to serve as a stand-alone application.

After reviewing the database, the SHRP 2 Technical Coordinating Committee for Renewal
Research recommended further development of this electronic database into a software tool
for decision support. The committee noted that the new tool should help support the
day-to-day activities of designers and other decision makers in transportation agencies.
This recommendation was the genesis for SAULT.

To deal with the complexity and multi-attribute nature of subsurface utility engineering
and geophysical tools, the team from the Trenchless Technology Center developed SAULT
as an expert-based system. Any expert-based system attempts to reproduce the performance
of one or more human experts in a particular field. With SAULT, the user operates the expert
system through an interactive dialogue that guides the user through a series of choices to
solicit the needed input. At the end of the analysis, the user receives a summary report list-
ing all the utility-locating methods deemed suitable for the project under consideration
and any condition improvements that may facilitate the locating activities. This decision-
support tool, as well as three other databases (utility locator equipment, case studies, and
utility strikes), can be accessed at http://138.47.78.37/sault/home.asp. Welcome to SAULT!
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Executive Summary

This report outlines the software development tasks associated with SHRP 2 Renewal Project R01,
Encouraging Innovation in Locating and Characterizing Underground Ultilities. The software has
been implemented in a web-based application that includes a decision-support system to assist
users with limited expertise in understanding the types of utility-locating equipment that are most
appropriate to different utility-locating problems. This Selection Assistant for Utility Locating
Technologies (SAULT) is combined in the web application with the following three databases
that were also created during the RO1 project: a database containing real-world examples of util-
ity damage, their causes and impacts; a success-stories database containing examples of the suc-
cessful application of the Subsurface Utility Engineering (SUE) approach to utility-locating
activities; and a utility locator technology database that provides a database of specific utility-
locating equipment organized by classes of locating technology.

Chapter 1 provides the background to the R01 project and the timeline for the database and
software development tasks. Chapter 2 outlines why the decision-support system was selected
from the various alternatives available and describes the structure and components involved in
creating the web-based selection assistant. The expert system approach uses the Jess Expert Sys-
tem Shell, which is embedded in a Java applet. A brief description of each of the three associated
databases is also provided in Chapter 2. The appendices provide a user’s manual for the website
and selection assistant, as well as the expert system logic flowcharts used to build the software.

By providing this decision-support tool and reference information in a readily accessible for-
mat, it is hoped that this web application can be a valuable source of information and guidance
for professionals who would like to understand how to approach utility-locating activities but
do not have the technical knowledge or experience to make informed decisions just by reading
the relevant literature and equipment information. This decision-support aid is not intended
to replace the experience and expertise of a utility-locating professional. It is not practical to
capture all of the nuances of specific site circumstances and equipment performance in a software
application, and two experts may have different opinions on the efficacy of alternate approaches
for a particular project. Nevertheless, being able to follow the general guidance of an experienced
utility-locating professional represents an excellent starting point for understanding and ques-
tioning the expected success rate of utility-locating activities.



Introduction

Background to the Study

This report has been prepared as part of a study funded by
the second Strategic Highway Research Program (SHRP 2),
funded by Congress to provide a targeted, short-term research
program addressing key issues in highway transportation. The
SHRP 2 program addresses four strategic focus areas: the role
of human behavior in highway safety (Safety); rapid highway
renewal (Renewal); congestion reduction through improved
travel time reliability (Reliability); and transportation plan-
ning that better integrates community, economic, and environ-
mental considerations into new highway capacity (Capacity).
The overall goal of the SHRP 2 Renewal program is to develop
a consistent, systematic approach to performing highway
renewal that is rapid, causes minimum disruption, and pro-
duces long-lived facilities. The renewal scope applies to all
classes of roads.

This is the second report prepared as a part of the SHRP 2
Renewal Project RO1. The first report, Encouraging Innovation
in Locating and Characterizing Underground Utilities (Sterling
etal. 2009), examined how to encourage innovation in devel-
oping technologies and procedures that will help reduce the
time and cost risk on transportation projects due to utility
issues. These approaches include improving surface geophys-
ical techniques, using existing techniques more effectively,
and integrating these techniques with better record-keeping
practices. The first report resulted in recommendations for

funding of three follow-on research projects that were started
in 2009.

The purpose of this additional report is to document
the development of a SHRP 2-funded website that provides
decision-support software and supporting information data-
bases for the selection of utility-locating approaches for trans-
portation projects.

Project Timeline

The SHRP 2 RO1 project began on February 12, 2007. The draft
Phase 1 report was completed in November 2007, together with
databases for examples of utility damage causes and implica-
tions, applications of the Subsurface Utility Engineering (SUE)
process in transportation projects, and locating equipment
capabilities. After the SHRP 2 committee review, the Phase 1
report was edited, and it was confirmed on April 18, 2008,
that the Phase 1 findings were accepted and that the team
could proceed to Phase 2 of the project. Work on Phase 2 of
the project (turning the Phase 1 recommendations into draft
requests for proposal) was carried out from June to Septem-
ber 2008. The draft Phase 2 report was integrated with the
Phase 1 report in September 2008, and the draft final report
was submitted on September 30, 2008. The integrated report
was approved in March 2009 and published on the SHRP 2
website in October 2009.



Methodology

Choice of Decision-Support
System

The approach to developing decision-support aids for trans-
portation professionals was developed with the following
issues in mind:

¢ The capability limits of individual utility-locating technolo-
gies are poorly defined and may vary from one equipment
manufacturer to another even within the same basic class
of equipment.

¢ Thereislittle independent testing of utility-locating equip-
ment and technologies to provide quantitative informa-
tion to users or purchasers of the equipment and hence the
principal information available on the range of applica-
tion of different equipment comes from the manufacturers
of that equipment. Some manufacturers are more optimistic
than others.

¢ The ability of specific technologies to find utilities is highly
dependent on ground conditions and site-related, error-
producing conditions. These problems are described in
more detail in the main RO1 report (Sterling et al. 2009).
This means that if the site or ground conditions can be
improved, the success of the utility-locating method can be
improved for the same material type, content, diameter,
and depth of utility.

The issues listed have a strong influence on the type of
decision-support system that can be used to provide guidance
to the appropriate types of utility equipment. The following
are the basic options for decision-support software:

a. Deterministic decision-support systems (e.g., the value of
each attribute is compared with an acceptable range for
each method alternative) (see Matthews et al. 2005).

b. Decision support based on fuzzy logic where degrees of
membership of a given attribute value for a given method
alternative can be expressed as a linguistic description

(e.g., highly probable, probable, neutral, unlikely, highly
unlikely) (see Flintsch and Chen 2004).

. Selection based on a case-based selection approach involv-

ing comparing equipment capabilities with the character-
istics of a particular locating problem (e.g., depth of utility,
depth-to-diameter ratio, utility material) based on the best
fit with historical cases stored in the software database (see
Morcous et al. 2002).

. Expert system analysis based on coding the questions and

decisions that an experienced professional would ask and
take based on the purpose of the search and the site and util-
ity conditions (see Amirkhanian and Baker 1992).

. Decision support provided by synthesis of the choices or

preferences that an experienced group of professionals
express. These can be analyzed in several ways, including,
for example, the Analytical Hierarchy Process1 (AHP) (see
Al-Barqawi and Zayed 2008).

. Learning-based algorithms using Artificial Neural Network

(ANN), generic algorithm (GA), or another classification
approach. Site and utility parameters would represent the
input variable, and the likelihood of success for each
approach could be the output (see Flintsch and Chen 2004).

The research team reviewed the possible directions for the

decision support for utility-locating technologies and made
the following conclusions:

a. Insufficient data is available in the public domain on the

characteristics of specific equipment or even classes of
technologies to make firm selections across all the poten-
tial variability of soil and site conditions (thus excluding
deterministic methods).

. It is not considered feasible at the current time to assem-

ble a sufficient number of cases of successful and unsuc-
cessful applications of utility-locating technologies under
different site and utility conditions to train an artificial
neural network. The large number of input variables and



possible technologies make ANN a non-optimal approach
for the task at hand.

c. Many aspects of site and utility conditions are unknown
when planning a utility-locating exercise. The process
often becomes a series of progressively refined techno-
logical approaches—starting with the simplest and cheap-
est methods that are likely to work and progressing to more
expensive approaches only as necessary.

d. Technological approaches are usually combined with off-
site and on-site detective work to help define utility loca-
tion and characteristics (user knowledge increases as part
of the solution convergence process).

e. The range of potential utility types and site conditions that
would affect the choice of a locating technology makes the
creation of a limited set of questions that could reasonably
be answered by an expert panel impractical for the type of
comparisons used in the AHP process (comparisons made
pair-by-pair among all the alternatives available).

f. The most feasible way to create a decision-support system
at the present time is to build an expert system that follows
the decision logic of a highly experienced utility-locating
professional.

g. The use of fuzzy logic in making decisions would be help-
ful but not essential in developing expert system logic for
the decision-support process.

h. The expert system will only provide guidance based on the
range of conditions considered and is not a substitute for
direct experience with specific equipment under specific
site conditions.

Expert System Platform

The programming of the logic of expert systems is independent
of the specific domain of expertise involved (i.e., the under-
lying logic can be used to provide decision support in many
application areas). This has led since the 1980s to the develop-
ment of a variety of general purpose expert system software
platforms (often referred to as expert system “shells”). Some
are in the public domain, while others are offered for sale as
software development platforms. Expert systems are often
based on crisp decision logic (definitive answers to yes-or-no
questions or values of decision parameters). A smaller subset
of expert system shells provides the ability to use fuzzy param-
eters and decision logic in the applications.

After a broad survey of the systems available, the suitabil-
ity for the utility-locating application and licensing costs and
conditions, the team selected Jess, the rule engine for the Java
platform, version 7.1p2.

Jess is an expert system shell written in Java and uses a ver-
sion of the Rete algorithm. An academic license for its usage
is available free of cost and a commercial license at negotiable
and reasonable prices. The software can be downloaded and
installed on a web server; it is small (about 7 MB) and fast.

Client computers do not need an installation of Jess. A Java-
enabled Internet browser is adequate for executing Jess pro-
grams; Jess programs can be compiled and encapsulated within
Java applets, which then can be embedded in a web page. This
approach has been adopted for the implementation of the
expert system shell in the SAULT framework (refer to the next
section on software delivery approach). Such an approach
eliminates the need to distribute CD-ROMs and makes soft-
ware updates at a later date much easier. If desired, access to
the Jess program could be controlled by constructing a user-
authenticated website.

Jess programs can be edited using any text editor. Syntax
definition files, which highlight keywords, are available for
common text editors. Jess easily interfaces with Java. Jess
objects could be used in Java programs, and Java objects could
be invoked in Jess programs. This feature renders Jess easily
used in conjunction with Java’s wide-ranging applications.

Jess supports both forward- and backward-chaining of rules.
Fuzzylogic can be implemented using Jess by downloading the
FuzzyJess extension available at National Research Council
Canada’s website (NRC Canada 2010). A Jess demo is available
at the Jess website (Sandia National Laboratories 2010).

Software Delivery Approach

An important decision in making the software available to the
user community is whether the software will be distributed to
each user via CD-ROM or web access (download) and then be
run locally, or whether the software will be accessed directly
via the Internet from a central server. The following are the
advantages and disadvantages of each approach:

e Software distribution approach
O Advantages
= Distribution followed by local use of the software does
not require Internet access for software operation and
using the application does not depend on Internet
access speed.
O Disadvantages
= Software distribution and local installation can create
a need for higher levels of user support than simply
accessing an application on a central server.
e Web access approach
O Advantages
= Software updates and “bug” fixes can be accomplished
more quickly and easily when the software is centrally
located.
= Software enhancements, such as additional data, case
histories, and data corrections to be added to the appli-
cation databases, can also be readily accomplished
when installed on a central server.
* The use of a centralized application greatly simplifies
licensing and usage issues and reduces costs.



= With free access to the decision-support website, access-
ing and using the software and databases is easy and
quick to accomplish.
O Disadvantages
= Some firewall-related access problems may occur.

For the reasons listed, it was decided that the software
should be made available over the Internet from a central
server. This server is housed at the Trenchless Technology Cen-
ter (TTC), Louisiana Tech University, and the software is to
be supported by the TTC on behalf of the SHRP 2 program at
least through January 15, 2012. Rights to the domain-specific
information and logic used by the software are in the public
domain. Software development and availability of the SAULT
console requires commercial software licenses for the web
server. Such licenses need to be available for Jess, Microsoft
Access, Java, and others. A diagram of the software architec-
ture is shown in Figure 2.1.

Knowledge Capture

The basis for the expert system is the career-long utility-
locating experience of James Anspach (see Appendix C). In
preparation for the knowledge capture sessions, a list of the

User Layer

5

expected influencing parameters for utility-locating technol-
ogy choices was created. However, during the preliminary dis-
cussions session with Anspach, it was difficult to generate a
decision logic starting from the effect of parameters on equip-
ment and procedural decisions. The most effective way to
capture the decision process was determined to be to follow a
job-related decision process in which the nature of the utility-
locating task was first identified (e.g., finding a cable or pipe),
and then the series of questions that the expert would pose to
help define the locating approach required would be captured.
The answer to each of these questions triggers a different series
of questions concerning items such as the nature of the util-
ity material, the conductivity of the soil, and the accessibility
of the utility for direct connection of an impressed signal.
Because of the iterative nature of many utility-locating exer-
cises, it was found necessary in the decision logic to include
questions as to whether a particular method had previously
been tried. If it had not, then this method could be suggested
as the first alternative; if it had previously been tried, then an
alternate method would be explored with an additional set of
questions. The expected depth of the utility being sought is an
important parameter; however, many decisions about the
potential of various types of utility-locating approaches can be
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Figure 2.1. SAULT expert systems software architecture.



made with only a rough estimate of the utility’s depth of
cover. The flowcharts created were grouped into six individ-
ual flowcharts for ease of presentation. These flowcharts are
provided in Appendix B. The decision logic may shift from one
flowchart to another based on the input parameters requested,
and, eventually, the decision process will result in one or more
recommendations as to suitable utility-locating approaches.
When none of the standard choices for utility-locating tech-
nologies are expected to be successful, the software will return
the answer “Exploratory Test Holes/Prototype Systems.”
Otherwise, the technology choices will be one or more of the
following technologies:

e Magnetic locator;

e Metal detector;

¢ Pipe/cable locator (low-frequency conductive mode);

¢ Pipe/cable locator (medium-frequency conductive mode);
¢ Pipe/cable locator (high-frequency conductive mode);

¢ Pipe/cable locator (medium-frequency inductive mode);
e Pipe/cable locator (high-frequency inductive mode);

¢ Pipe/cable locator (radio mode);

¢ Pipe/cable locator (60-Hz power mode);

e EM sonde and walkover locator;

¢ Noise emission device and receiver (geophone);

¢ Inductive array;

¢ Ground-penetrating radar (GPR);

e GPR (multichannel, multifrequency);

e Infrared thermography;

e Terrain conductivity meter; and

e Elastic wave-based techniques.

The success of some approaches can be increased by improv-
ing the site conditions. These condition improvements are
provided as suggestions in connection with the various tech-
nology recommendations. The six condition-improvement
categories are as follows:

¢ Remove metallic surface obstacles;

e Control ambient noise;

¢ Increase thermal difference between ground and utility;
e Create a new access point;

e Remove snow or leaves from the surface; and

e TIsolate EM noise/optimize signal.

Software Development

With the preferred expert system shell identified, the software
architecture outlined, and the knowledge capture process ini-
tiated, the software development work could commence. This
consisted of a series of development stages in which a sim-

ple trial application was first tested to ensure that there were no
major implementation hurdles to overcome, and then the full
application was programmed. Table 2.1 gives the major soft-
ware development tasks. Some of these tasks could be under-
taken as parallel activities.

Three electronic databases related to utility-locating had
already been developed as part of Phase 1 of the R01 project.
These databases were integrated with the website present-
ing the SAULT application and are described in the “Related
Searchable Databases” section.

Related Searchable Databases

Phase 1 of the R0O1 project included the development of three
databases related to utility-locating issues. These databases
provide the following:

e Examples of utility damage and associated cause(s);

e Examples of case studies where the SUE approach had
been used for utility mapping together with assessment of
its benefit, where available; and

e The characteristics of many commonly available utility-
locating technologies and equipment based mostly on infor-
mation from the manufacturers’ literature.

Table 2.1. Major Software Development Tasks

Task

Selection of an expert system as the decision-support approach

Capture of the decision logic in a series of extended sessions with
the “expert” (Jim Anspach)

Selection of the expert system shell
Design of the software delivery architecture

Preliminary testing of the expert system approach and software
architecture

Development of detailed flowcharts covering all the various utility-
locating parameters and site conditions based on the decision
logic captured above

Customization of Jess console applet: Changing the graphic interface
and printout options

Development of the Java applet integrating input and output for a
pilot Jess program

Embedding the Java applet in the web page for a sample portion of
the expert system to ensure functionality

Integrating the three associated databases into the website
Full development of the Jess console and Java applets

Testing and validation of the Jess program for all utility-locating
modules in accordance with the flowchart logic




In conjunction with the provision of the SAULT over the
Internet, it was decided to integrate the three databases with
the expert system in a coordinated application. A summary of
each database and its searchability via the web application fol-
lows. A user’s guide to the website is provided in Appendix A.

It is recognized that none of the databases are exhaustive
and that many case histories and equipment manufacturers
may not be directly represented in the database. An advantage
of the web-based application, however, is that additional data-
base entries can readily be added and immediately be made
available when new information is provided.

Utility Strikes Database

Utility strikes are frequent events, with a utility strike occur-
ring nearly every minute somewhere in the country. Although
most utility strikes result in minimal local damages, many
others can result in fatalities, injuries, or significant collat-
eral damage. The cost of repairing the damaged utility is often
overshadowed by costs associated with disruption of services,
traffic, and normal life patterns; project delays; contractor
claims; and litigation.

The 60 case studies currently included are presented in a
standard format. Focus is given to the characteristics of the
events, a short description, and causes and lessons learned
if such were reported. The utility strike incidents represent
a small sample of the thousands of utility strikes that occur
in the United States each year and have been summarized
primarily from incidents reported in the Underground Focus
magazine (Planet Underground Media 2010). The incidents
selected provide real-world examples of utility damage inci-
dents, their causes, and the resulting disruption and finan-
cial impact.

Utility damage incidents are collected by numerous state
agencies responsible for utility safety, and a national reposi-
tory has been created by the Common Ground Alliance (CGA
2010). The Planet Underground website provided in the ref-
erence also has an accident file archive.

Review of the cases included in the utility strikes database
suggests that the circumstances of the strike and adequacy of
the response could play an equal or greater role than the crit-
icality of the utility in determining the degree of damage and
losses incurred due to the accident.

SUE Case History Database

The SUE Case History database presents selected case histo-
ries of subsurface utility engineering success stories associated
with transportation projects. The SUE process and associated
quality level designations for utility information can be found
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in CI/ASCE 38-02 Standard Guidelines for the Collection and
Depiction of Existing Subsurface Utility Data (ASCE 2002).
The database currently contains 59 cases. The case studies were
obtained through discussion with practicing professionals,
literature search, a survey of SUE projects conducted by the
TBE Group Inc., and a research report released by the Univer-
sity of Toronto (Osman and El-Diraby 2005; Purdue Univer-
sity 1999; Sinha et al. 2007). These cases represent successful
applications of SUE technologies and practices in a variety
of transportation-related projects. In addition, several non-
transportation related projects for which data is available as to
the relative cost of the SUE effort or the estimated benefit-cost
ratio, or both, for this effort are also briefly described.

From a review of the database, SUE mapping surveys
seem to consistently have a positive effect when performed
early during the design phase of construction projects. It is
not uncommon that agencies are driven to undertake SUE
investigations following one or more projects that went bad
because of multiple utility conflicts or serious utility-related
accidents, or both. The benefit-cost ratio to project owners
in the cases documented ranged between 2 and 6.6, while the
cost of the SUE studies ranged between 0.125% and 2% of the
total project budget. The benefit-cost ratios in all cases consid-
ered only savings in terms of construction costs and schedule
delays; costs associated with possible utility strikes were not
considered due to uncertainness associated with the parame-
ters involved. The older and more developed the area where
construction is scheduled to take place, the greater is the
benefit-cost potential; also, the larger the scope of the project
the greater the benefit-cost ratio, and the smaller the invest-
ment in SUE in terms of percentage of total budget. It can
also be noted that a study by Penn State University for PENN-
DOT showed a 22:1 cost ratio when it looked at 10 randomly
selected PENNDOT projects (Sinha et al. 2007).

Utility-Locating Technologies Database

The electronic database of the characteristics of utility-locating
technologies was assembled primarily using manufacturer
data. The information available and the ranges of suggested
applicability varied significantly from manufacturer to man-
ufacturer even for similar classes of equipment.

The web presentation of the database has several areas that
either provide information or can be used to refine the selec-
tion within the database. The operation of these is described
in Appendix A. The utility-locating equipment is divided into
various classes of locating technologies. An image illustrating
the equipment used is provided for each method class together
with a general description of this method class. A list of locat-
ing equipment that falls within the method class allows infor-



mation on specific equipment to be accessed. This information
includes performance indicators and other descriptive infor-
mation, such as the following:

e Whether the equipment is expected to find ferrous or non-
ferrous objects, or both;

¢ Equipment applicability to four broad classes of soil type;

e Minimum and maximum frequency of operation when
applicable;

e Effort or training required for data interpretation;

e Relative cost indication;

e Maximum depth of effectiveness anticipated; and

¢ General application summary and more detailed method
description.

Conclusion

SAULT, though not a replacement for the experiences and
expertise of a utility-locating professional, is a valuable source
of information and guidance. The software’s expert-system-
based decision-support system assists novice users in under-
standing the types of utility-locating equipment and their
ideal applications. Through its large databases and accessible
format, SAULT will aid professionals in understanding and
implementing the process of locating underground utilities.
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SAULT Website User’s Guide

Introduction

This appendix is intended to serve as a user’s guide for the
Selection Assistant for Utility Locating Technologies (SAULT)
database. The website navigation is straightforward and, hence,
the operation of the website is described using a series of screen-
shots from the website.

The selection assistant and the three databases accessible
from the website are all updatable. Corrections or additions
can be sent to the following e-mail address for consideration
for inclusion. The message header must include the follow-
ing text: “SAULT website information update.” If additional
equipment or case studies are proposed for inclusion, the
information must be complete and prepared in the same
format as the existing database entries. The e-mail address
for information submission is ttc@coes.latech.edu. In case of
problems with the above e-mail address provided, please con-
tact the Trenchless Technology Center (TTC) at 318-257-4072.

Website Access and
Background Information

To access the website, use the following URL: http://138.47.
78.37/sault/home.asp.

Depending on your screen size and resolution, you will see
the SAULT website home page as shown in Figure A.1. The red
boxes and circles superimposed on the screenshot are shown
to assist in the website guidance. This home page, together with
the adjacent section “About This Tool,” provides background
information on the SAULT software and explains the limita-
tions of the selection assistant process for complex utility-
locating problems. Information on the SHRP 2 program and a
website disclaimer also are provided. The five headings across
the website can be accessed from any of the individual web
pages. The selection assistant software can be accessed from the
home page by either clicking “SAULT Console” on the header
bar or clicking “Go to the SAULT Console” at the bottom of
the home page (Figure A.2).
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SAULT Console

Once at the SAULT Console page, you will see the upper
part of the selection assistant dialogue layout. When you
arrive at this page, the JAVA applet containing the selection
assistant software should begin to load. This may take several
minutes when using a slow Internet connection but, once
loaded, the applet should provide rapid responses to the user
input independent of connection speed. Once the applet is
loaded, the top portion of the page should appear as shown
in Figure A.3.

If you scroll down the web page, you will see question and
answer boxes (Figure A.4). This is where the selection assis-
tant will request information from you and where you will
provide the answer or selection. The first question asks you
to name the analysis test case. In the web page shown, the user
has entered “Test 1” as the test case name.

The next question begins a series of interactive questions
in which the subsequent questions and options depend on the
answers given previously. The answers involve selecting one
of the options given in the question. Each option is given a
number, and the user simply types in the appropriate num-
ber in the answer box. In the example shown in Figure A.5,
from the choices of [1] Cable or [2] Pipe, the user has entered
“2” to choose the option “pipe.”

In the next screen shown (Figure A.6), the user has entered
“1” to select water as the contents of the pipe from a menu of
five options: [1] Water, [2] Sanitary Sewer, [3] Storm Sewer,
[4] Steam, and [5] Gas.

In Figure A.7, this analysis continues with the question
regarding whether the pipe is metallic. Entering “2” selects the
choice [2] No and indicates that the pipe is nonmetallic.

Continuing this particular example, the next question is
about the conductivity of the soil above the utility and a non-
conductive soil is chosen. In Figure A.8, attention is also drawn
to the history of choices that can be seen building in the box
below the Question and Answer boxes. The user can scroll
within this box to trace the analysis path taken to this point.


http://138.47.78.37/sault/home.asp
http://138.47.78.37/sault/home.asp

SAULT - Home - Windows Internet £

SHRP 2 SHRP2
Trenchless Technology Center =22

Welcome to SAULT! e
This software is a guide to the appropriate uses of various classes of utility locating technology as

indicated by the overall goals of an investigation, site conditions, and characteristics of specific
target utilities. it will help you determine whether equip hoi are 1 ble for the
intended task.

SAULT focuses on the selection of the following:

ek

= Geophy logy for g and imaging underground utilities
- pr s, and techniques used by field tech in geophysical data

SAULT does not distinguish between specific equipment cholces. The reasons are that there is
little independent information on the performance of specific equipment under controlled
conditions and equipment performance can be affected by site conditions that are often unknown
at the time the equipment is selected. In addition, this software does not include other important
aspects of the utility locating and damage prevention process:

= Other sources of information regarding utility location, such as visual observation and existing records

utility ination p among utili and transportation agencies

One-call system

» Means and methods of trans

instrumentation to the data users

Aacben. W ? ~

ferring data from the

75 CunT

Welcome to SAULT!

This software is a guide to the appropriate uses of variows classes of utility locating technology as
indicated by the overall goals of an investigation, site conditions, and characteristics of specific
target utilities. it will help you determine whether equipment choices are reasonable for the
intended task.

SAULT focuses on the selection of the following:

= Goophysical hnology for d ing and ing undorground utilities
= Processes, procedures, and techniques used by field technici in collecting geophysical data
’ SAULT does not distinguish between specific equip choices. The s are that there is
little independent information on the performance of specific i it under controlled

conditions and equipment performance can be alfected by site conditions that are often unknown
at the time the equipment is selected. In addition, this software does not include other important
aspects of the utility locating and damage prevention process:

= Other sources of infor reg g utility & | such as visual cbservation and existing records

= Utility coordination processes among utilities and transportation agencies

= Ome-call system

= Means and methods of transferring dala from the inslrumentation to the data users

= Integration and validation of data sources

Formatting and display of data to the data users

» Retention of data and recordkeeping practices for the data

WA aore A W2 Wnd = 13 Windows D Cord PH Fo Wendowe

Figure A.2. The “SAULT Console” links on the home page.



12

SHRP 2 SHRP2
Trenchless Technology Center

SAULT: Selection Assistant for Utility Locating Technologies
—

The SAULT console is a user-friendly diagnostic tool. It suggests utility locators that are suitable for
particular pipe properties and environmental conditions. Recommendations for possible condition
improvements are listed below the console. e console applet may teke o few min

the connection speed

Success Storfes  Utility Locator Database

utes to downlood depending on

Jess, the Rule Engine for the Jova Pladlorm
Cepyright (C) 2008 Sandis Corperation
Jess Verslon 7.1p2 1152008

This copy of Jess will expire in 240 day(s).

SAULT - Selection Assistamt for Utility Locating Technalogies
Developed for SHRP2

SAULT Versien 0.0.1 087102000

Pleate anwwer the guestions for the sdaptive velection anvistant to ideatify wuitable wtiliry locating technalogies!

Enter a name for the analysis test.case!

®| oyl W Gaogle 2w

W O i SART Cormsle BReN B~ M- Page » () Took

- - v

Jews, the Bale [ agine for the Jars Plattorm

Lo right (0] 2008 Sondia L srperarien

Jews Vovsien T 1l 1157008

Thin oy of Joss will eagire in 200 dyins

SALLT  Sebevtion Lovistand for Loidin Locating T baslogies
Deveboped for SHEPY

SAULT Versien 601 88102000

FPleare saveer the yuevtiont for e sdagrine selention mrvivtant te beatilh sustable wilits los sting e Maslogior

QU ESTION |

ANSWI".R g g—

Figure A.4. Entering the test case name on the SAULT Console.



™ SAULT Console - Windows Internet Explorer

Jess, the Rule Engine for the Java Placform
Copyright (C) 2008 Sandia Corporation
Hess Version 7.1p2 1152008

:‘ﬂl.l copy of Jess will expire in 240 davis).
|SAULT - Selection Assistant for Utility Locating Technologies

Developed for SHRP2
ISAULT Vervioa 0.0.1 08132009

|Please anymer the quettions for the sdaptive selection assistant to identify 1uitable wtility locating technalogien!

I ]’E S Is r'lﬂ‘l;‘iﬁ a cable, such as a communication or electric line, or a
TION pipe, such as a sewer, water and gas pipeline?
[1] Cabile or [7] Pipe m
NS
Enter “2" 3

:Emlrmunvai,mmaa'
Selected Test 1
ARALYSHS TEST-CASE Tem 1

Recommended Utility Locators for Given Conditions

ZTWind 1] Window

Jess, the Rule Engine for the Java Placform
Copyright (C) 2008 Sandia Corporation
Hess Version 7.1p2 1152008

:‘ﬂl.l copy of Jess will expire in 240 davis).
|SAULT - Selection Assistant for Utility Locating Technologies

Developed for SHRP2
ISAULT Vervioa 0.0.1 08132009

|Please anymer the quettions for the sdaptive selection assistant to identify 1uitable wtility locating technalogien!

What type of contents does the pipe carry? =
[1] Water, [7] Sanitary Sewer, [J] Storm Sewer, [4]

Sweam or [5] Gas
Contents

“1" Water

:Em.rmbnvai,mmaa'

Selesed Test 1

ANALYSS TEST-CASE Tew 1

1o The wtility & CEBE Such @i 8 OOVRLtBNES OF SleONC Bhe O B DIDE ket B4 8 ew waler 800 s pipelieT
1] Casila o= [2] Pape

Geleer I

Recommended Utility Locators for Given Conditions

ZTWind 1] Window "3 Corel PH.

Figure A.6. Specifying pipe content.



/™ SAULT Console - Windows Internet Explorer

| @ SART Conscle M e D - e = Page~ (JTooh >

(Jess, the Rule Engine for the Java Platform
Copyright (C) 2008 Sandia Corperation
[Jess Version T.152 1182008

| This copy of Jess will expire n 240 days)
ISAULT - Selection Assistant far Utility Locating Technologies

| Developed for SHRP2
SAULT Vervien 0.0.1 087132009

Pleave answer the questions for the adaptive selection assivtant to identify wuitable wtility locating technologies!

Is the pipe material metallic, such as steol, cast iron, etc.?

[1] Yes or [2] No
Metallic?

*2" Non-metallic

Erier & rame 1o Ihe SRl UL laR-CAL
Selvaes Text 1
ANHALTHS TESTCASE Tem 1
1o The Ll @ CRDIE SUCP B8 8 ECVRLABLOS O el L Bhe O B (458 b B4 8 sewer wale 803 Gad Sipeline
[] Catie o (3] Pipa
Seleced 2
What ippe of contesty dow e pepe ey
17] Watae, 777 Sanitary Sawner. [5] Sicem Sener. [4] Steem or [2] Gas

Recommaended Utility Locators lor Given Conditions

\Jess, the Rule Engine for the Java Platform
Copyright (C) 2008 Sandia Corperation
Jess Version T.1p2 1152008

| This copy of Jess will expire in 240 davis).
SALLT - Selection Assistant for Urility Lacating Technalogies

|Developed for SHRP2
ISAULT Verviea 0.0.1 687132009

Please anamer the quettions for the sdaptive selection assistant to identify vmitable wtility locating technslogion!

Is the soil above the utility highly conductive, such as clay or il
high in salt?
[1] Yes or [2] No

|[ANALYSIS TEST-CASE Teat !
13 the LAty B CETIE BUON B3 B COCWTRTICEION Of SMNC BRE O B PIDE O B 8 e =3 800 B Cipeling T

1] Casie o [7] Pipe
Seiwcten I
Wrat Iype oF COrtents G0 the Bipe Ryt

1] Watar, [2] Sacnary Sewer, [J] Storm Sewer [4] Stearm of [2) Gae

Selecter 1 z g
e prpe el metelln s ee deel cen e el Hlstory
Y] Yeu o [2] W0
Selactes 2

Recommended Utility Locators for Given Conditions:

Figure A.8. Specifying the conductivity of the soil. The history of choices is also shown.



/* SAULT Console - Windows Internet Explorer

15

- & SAULT Console

Je1s, the Rule Engine for the Java Platform

Cepyright (C) 1008 Sandis Corperation
Jess Version T.1p2 1152008

| This copy of Jess will expire in 240 dav(s)
ISAULT - Selection Assistant for Utility Locating Technologies

[Developed far SHRP2
SAULT Version 0.0.1 08132009

|Pleave anvwer the questions for the sdaptive velection snsiviant to identify 1uitable ntility locating technalogies!

Have you tried using GPR/MULTI.CHANNEL GPR before?
UESTION et

Used before?

| Setncten 2
|hiat tyee of camient Soes e pie Sy
(1] Water, [2] Sanenry Sewer [Y] Stoem Sewer. [4] Steam or 4] Gas

Selected 1

|18 e pioe material matsile Wt s desl el oo b T
1] Yea o 2] Ma

Seleces I

1) Yes e (73 M0
Salacea 2

[l T a e e LAl gl GEBudIrr e 4 Oy o a0l Righ o e

Recommended Utility Locators for Given (

,Vﬁr-‘.r’«.\ B 80 "¢ n17am

e
@ Core PH

Figure A.9. Providing information about the use of GPR/multi-channel GPR.

In Figure A.9, the decision assistant requests information
on whether a particular method has been tried before. This
allows the assistant to suggest the most likely methods first and
also to ask additional questions to help define other approaches
if this option has already been attempted. In this case, the user
has indicated that “GPR/multi-channel GPR” has not been
used before.

In Figure A.10, a depth range for the utility is requested.
These depth ranges vary according to the type of method
being evaluated and the impact of depth on variations in the
method selection. In this case, three depth ranges are offered,
and the range “7—12 ft” has been selected.

The final question in this test case (Figure A.11) concerns
the depth—diameter ratio for the utility. The choice of a depth—
diameter ratio less than 6 has been made.

The final screen for this test case is the recommendation from
the selection assistant. This appears in the box highlighted in
Figure A.12. If there are several alternatives recommended, you
may need to scroll within the box to see the full list.

Information on potential condition improvements is
included with the recommendations for all answers except
“Exploratory Test Holes/Prototype Systems.” These suggested
condition improvements indicate actions that may be taken
to improve the effectiveness of the recommended technology.

The condition-improvement information is shown in the low-
estbox as illustrated in Figure A.13. Additional information
can be shown for each condition improvement by clicking
the “more/less” hyperlink next to each listed improvement.

Utility Strikes Database

The Utility Strikes database is accessed by clicking on the
fourth tab across the top of the website (Figure A.14). The
information in the database comes primarily from accounts
of utility strikes provided in the Underground Focus magazine
(Planet Underground Media 2010). There are 60 case histo-
ries included in the database at the time of writing of this
report. The case histories can be accessed either by scrolling
down the database and clicking an individual record or by
clicking on the search button.

A search can be conducted using any of the fields shown on
the search screen or using keywords associated with each case
history. To search by keywords, click on the keywords hyper-
link (Figure A.15).

After clicking one or more keywords and selecting “any”
or “all” keywords, click on the link “FIND utility strikes”
(Figure A.16). In the example shown, the condition that the
“locating/marking” was inaccurate was chosen.
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Figure A.11. Specifying depth-diameter ratio.
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Figure A.13. SAULT condition-improvement information.
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San Rafael, CA
Hauthorne, WY
Hogales, AZ

Gainesville, FL

South Fort Meyers,

Jacksonville,
Bridgeport, AL

Pensacola. FL

FL

FL

2087
2007
2887
2007
2087
2007
2087
2087
2007
2007
2006
2007
1999

Demolishing of old Macy's building

Road inprovenent construction

Installation of twe mnew pipelines

Digying of a sign post

Leak repair near propane tank behind a gas station
Videning of an existing roadway

Installation of a new guardrail along the roadway
Replacemant of a utility pole along a roaduvay
Replacenent of a sewver line

Unzpecif ied construction activity

Unspecif ied construction activity

Installation of a new., deep phone line

Digging of a trench

Drainage inprovement preject

Trenchless Technology Center

SHRP 2 SHRP2
IM

LIRS SRR “IRE ")

Location

Trunbull, CT
Costa Mesa. CA
Chayenne. WY
Cheyenne. WY
Ghont, W

Rio Rancho. MM

Year | Title

2087 Denolishing of old Macy’'s building

2087 Road inprovement censtruction

2087 Installation of two new pipelines

2007 Digging of a sign post

2087 Leak repair near propane tank behind a gas station
Inn7 Widening of an existing roadway

Figure A.15. Searching the SAULT Ultility Strikes database.
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Figure A.16. Searching by keyword.

For the specified selection, 12 cases are found (Figure A.17),
and any of these case histories can be opened by clicking on
the individual case.

When clicking on an individual case, the case history sum-
mary opens (Figure A.18).

Success Stories Database

The fifth tab across the top of the website opens the Success Sto-
ries database. The case studies in this database were obtained
through discussion with practicing professionals, literature
search, a survey of SUE projects conducted by the TBE Group
Inc., and a research report released by the University of Toronto.
These cases represent successful applications of SUE technolo-
gies and practices in a variety of transportation-related projects.
Accessing the database works in the same way as described for
the Utility Strikes database. The database can provide valuable
information on successful utility-locating strategies used in spe-
cific circumstances, such as deep-buried utilities and utilities
around airport facilities. In Figure A.19, the initial screen for this
database is shown. Fifty-nine case histories are in the database
at the time of writing of this report; Case 6 is highlighted.

. Locating not done
¢ . Locating/marking inaccurate
g not visible

. Utility unknown
Accident, consequences of

. Collateral damage (other than utility)
. Business losses

All States -

When Case 6 is clicked, the case history is opened (Fig-
ure A.20).

Utility Locator Database

The final database included on the website is the Utility Loca-
tor database, which is accessed by clicking on the rightmost
tab across the top of the web page. This web page has several
areas that either provide information or can be used to refine
the selection within the database (Figure A.21). A horizontal
scrolling box immediately below the web page tabs provides
access to various classes of locating technologies or equip-
ment. In the case shown, the method class “medium fre-
quency conductive pipe/cable locator” is selected. A small
picture illustrating the selected equipment is provided for
each method class and, at the bottom of the screen, a general
description of this method class is provided. The box high-
lighted on the left side of the screen provides a vertical scroll-
ing box that lists the specific equipment currently included in
the database for this method class.

Figure A.22 shows the method class “GPR” highlighted. The
left-hand box provides more information about equipment.
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12 cases found About This Tool  SAULT Console [JEIIFENIINN succes: Stories

Search
4

Year
Chayenne, WY 2087 Digging of a sign post
10 Gainesville, FL 2007 Unspecif ied construction activity
14 Penzacola, FL - Drainage improvement project
6] Mevark, NI sew  fevsirastion of ey gaieus o Chn ot
Chicage,. IL 1992 Bridge construction (The Great Chicage Floed >
@ Buffale. MY 1996 Inztallation of a fiber optic cable
Tooele, UT 2006 Installation of communication lines
27 Hampton, NH 2005 Sever construction and road re—surfacing project
33 Toledo, OH 2004 Construction activity C(emergency repair)
37 m:::."‘" Saskatchewan. 2007 Unzpec if led construction activity
40 Portsmouth, NH 2087 Unspecified construction activity
48 EL Paso, TX 2007 Installation of sewer line baneath Interstate 18

Figure A.17. Keyword search results.

/7 SAULT - Uility Strikces - Windows Internet Explores

Wl @0 | 9 SAULT - Unility Strikes

SHRP 2 SHRP2
Trenchless Technology Center =7
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Home About This Tool  SAULT Console [JEIENERSITER Succes: Stories  Usility Locator Database
l<< < 2 »] Table View

Case Study # 19: Installation of a fiber optic cable (4/22/1996; Buffalo, NY)

Utllity water transmission main

i millions of dollars

Cause Pipe sliced by a road saw

Motes A construction crew operating a road saw during the installation of a fiber optic cable in downtown Bulfalo sliced
through the crown of a water transmission main, and (looding the area. Hearby office building basements were (looded
sho i1 power and sending hundreds of workers home, and cars parked in underground garages were submerged. The
contractor called for locates, documented the marking on video and marked the path of the cut in white. However, the

Buffalo water department did not mark the line

SUE Related Keywords
Locating/marking inaccurate
w

Figure A.18. Case history summary.
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Case # Location Country Title
11 Renton,. W us Culvert replacement projects along Service Road 167
2 Atlanta, GA us k:;:::l’d—u’l:kl.ﬂ Rirport infrastructure electronic
13 Orlande. FL us Urban electrical duct bank relocation
4 Indianapalis, IN us I-78 Past Track and Super 78 projects C(INDOT>
Dulles, Ua us Utility Composite Planz Assessment
Hamilton. ON Canada Strestscapeswater main/sever project
G us I-75 Water and Sewer Main Relocation <(GDOT>
(8 ™ us f::::‘lz::mx 138, Texas. Preconstruction SUE
19 Kitchenar. Ontarie Canada Ueility Investigative Survey
10 sC us Design-Build Bridge Project
1l Oshawa, OM Canada Street Reconstruct ion
12 York, OM Canada Street Reconstruct lon
13 Toronto, OM Canada  Mesten Rd. ~# Walsh Rve.
10} Richmond Hill, ON Canada Water Main Construction in Dunlop Street -
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Case Study # 6: Streetscape/water main/sewer project (Hamilton, ON)

Country Canada

Motes A SUE investigation was completed as part of the design phas

downlown Hamil

= of a major streetscape/water main/sewer project in

oment of

n, Ontario, Canada. The project involved the ins

silation, reconstruction and re

municipal

utilities in the are

the

snd major strestscape to improve the overall assthetics of the downtown area. The stud

a basis for more than 10,000 ft of utility de

included

» which were used as vl

sction of utility res ignating (Quality 1

ed 25 test holes (Quality Level "A")

*8') conducted using

wlic cable located squipment. The work also inclu

installed 1o confirm t

dopth and size of pipes in critical locations. The information derived from the study was

wsed to support the de UE study identiflied

n of the utility alignments. The data from saveral conflicts due to

erroneous or missing records. Specifically, a Large unmarkod underground hydro tunnol was

und to cross the proposed
alignment of the new water main. Other unmarked utilities with potential for construction delays and cost increase

identified include abandon gas mains and a phone duck structure. In addition, exact location and characterization

information was prov

hich records were incomplete. A study conducted by the University of
SLUE

cost of the SUE investigation (542,78%) amounted to approximately

Toronlo suggested that y of Hamilton enji rom a saving of approximatetly $282,000 due to the

investigation, yielding lif benefit/cost ratio of 6.6. TH

1X of the lotal project

eciication snelil Benefit/cost ratio of 6.6

Dowr

own areas /suburbs
Financial

E plit/cost

Figure A.20. Case 6 in SAULT Success Stories.
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General Description »
510 GSA (Metrotech)
8100X (Metrotech)
Tw-6 (F isher)
NaviTrack Il (Ridgid)
8869 RF (Rycom) -

Pipe and cable locators are the most ins for both 2 and tracing

underground utilities. There are many manufacturers ol U'ah l'm of lnqulpm'n! and hundreds of
separate pieces of equipment. Variations in equip size, shape, b

of ant fes of ant output, thresholds of signal output (automatic or controlled

gain), types of 'slgnal. displays, types of various attachments, indirect depth measurement

indications, current flow direction indications, signal strength displays, and shape, sire, and weight -
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SAULT: Selection Assistant for Utility Locating Technologies

Home

-Hﬂlljm

-

‘J”@

=l GPR: General Description
General Description

zond 12e (GPR)

Ultility Scan 400 (GSS1)

uttility Scan 270 (GSS1)

Radar MALA Easy Locator

2150 GR (Ditch Witch)

GPR sends into the gr electromagnetic pulse. The frequency range applicable to image -
structures the sire of nllitinhtypkally from about S0MHZ to 500 MHZ. Some ratio of this pulse E
signal is ted ies” and some is reflected from the boundary back to the

receiving antenna. The b«m&lm are a function of the dielectric properties of adjacent materials.
Overall propagation into the ground is a factor of l'mqmnqr power, and soil resistivity. Detection
occurs when the boundary of the utility is diff ding soil. A vastly different -

Figure A.22. Method class “GPR” on SAULT Utility Locator database.
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Methods

General Desdiptloa
Zond 12e (GPR)

Utility Scan 400 (GSS1)
Utility Scan 270 (G551)

2150 GR (Ditch Witch)

3

Radar MALA Easy Locator (Gazomat)

GPR: 2150 GR (Ditch Witch)

Can find ferrous objects?
Can find non-ferrous objects?
Works in silty soil?

works in clayey soil?

Works in organic soil?

Works in sandy soil?
Minimum frequency

Maximum frequency
Effort or ing req
Number in the table

d for data i

P

Yes

Yes

Yos
Possible
No

Yes
250000
700000
High

Yes

Relative Cost

Description of the Method

s S

Figure A.23. Example of GPR equipment details.

When a specific piece of equipment is clicked, details on the
equipment appear (Figure A.23). In most cases, the infor-
mation will include an image of the equipment and a set of
detailed performance-related parameters that have been col-
lected from the manufacturer’s literature, website, and so forth.
These performance parameters have not been independently
verified.

The 2150-GR uses digitally controlled radar that gives faster and cleaner images. Soil conditions and antennae
selection affects detection. The 2150-GR also has an auto calibrating filter for easy op ion, a radar i

High

Application which can be used for  Used for locating both metal and

non-metal buried pipes, cables

This completes the tour of the website and the instructions
for how to access the data provided and to use the decision
assistant software. To provide additional information or sug-
gested corrections to the database information or decision-
support logic, please contact the Trenchless Technology Center
through their e-mail address, ttc@coes.latech.edu, or tele-
phone 318-257-4072.



Decision Logic Flowcharts

The flowcharts that resulted from the expert knowledge capture
using James Anspach as the utility-locating expert are shown in
Figure B.1 in the pages that follow.
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Figure B.1. SAULT decision logic flowcharts.
(continued on next page)
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Figure B.1. SAULT decision logic flowcharts (continued).
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Figure B.1. SAULT decision logic flowcharts (continued).
(continued on next page)
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Figure B.1. SAULT decision logic flowcharts (continued).
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Biography of James Anspach

James Anspach has more than three decades of experience
in the utility-locating industry. Until 2009, he was a princi-
pal in the subsurface utility engineering company So-Deep,
Inc., and was the project manager for utility mapping of major
highway projects, such as the Woodrow Wilson Bridge (Mary-
land and Virginia), Alaska Way Viaduct, and Military Highway
(Norfolk, Va.). He was a key creator and chair of the American
Society of Civil Engineer’s national standards activity Stan-
dard Guideline for the Collection and Depiction of Existing Sub-
surface Utility Data. He is the author of many technical papers,

31

research reports, and articles on surface geophysics applicable
to detecting and tracing utilities and is the ASCE’s sole instruc-
tor for subsurface utility engineering and utility locating. He
is a technical editor or reviewer for many federal guidelines
regarding utilities, including FAA Cable Cut Study, FHWA/
Purdue Cost Savings Study for Projects Utilizing SUE, NTSB
Damage Prevention Workshop, Common Ground Study, DOE
Technical Report on Identification of Utilities, and FAA Safety
Study on Preventing Utility Damages. He is currently an inde-
pendent consultant.
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