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Learning Objectives

e |dentify current practices regarding the
implementation of SUE
e Implement the newly revised ASCE 38 standard for SUE
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Objective of the Synthesis

- Document state DOT use and practices of
Subsurface Utility Engineering (SUE)

- Examine how and when SUE is implemented
during project design and delivery



What is SUE?
- Standardized process according to ASCE 38-02:

“Standard Guideline for the Collection and Depiction of Existing
Subsurface Utility Data”

- Professional and programmatic approach to utility
investigations

« Provides a collection and depiction of utility
information

- A professional practice requiring a stamp (engineer
and/or surveyor)



What is SUE?

« SUE includes:
. Utility mapping with appropriate quality levels
- Utility coordination and communication

- Understanding of appropriately applying
technologies (description in report)

« Subsurface, surface and aerial utilities
- Professional guidance and recommendations

- It is a professional service...



What are the SUE Quality levels?

records, permits, and plans for
an approximate horizontal

facilities to facilitate better
approximation of horizontal

Use geophysical tools to

determine the existence and
horizontal position of
underground utilities,

equipment at critical points to
determine precise horizontal AND

vertical position (also type, size,




What is SUE not?

- Itis not simply “potholing” or daylighting
- Historical confusion

- It is not only the assignment of quality levels
- It is not surveying of One Call marks

- Itis not a laddered approach to using the quality
levels



FHWA Support for Using SUE

 Cost of SUE services is an eligible expense for
federal-aid (Program Guide)

« Providers should be selected through quality-
based approaches

 Federal funds should not participate in
unnecessary utility-related costs resulting from
non-use or improper use of SUE



FHWA Support for Using SUE

- Federal Program Review

« Recommends a programmatic risk-based
application of SUE

- A majority of state DOTs were found to not be
performing SUE adequately or methodically



Business Case for Using SUE

 Cost savings per dollar spent
« $4.62,522.21,52.73

« Risk reduction

 Informed decisions

- Reduced delays

- Damage prevention and reduced outages

- Growth: 40% use-rate (early 2000’s) to 83%
- Not necessarily programmatic use



Use of SUE (41 Survey Responses)

State DOTs Using SUE

B states nofing use of SUE

B states noting they do not
use SUE

| | Response not provided




Survey Results

State DOT and Stakeholder Description of SUE (n=41)

70, % = ASCE 38-02

N
= Assignment of quality
46% levels
/ = Excavation/Potholing

= Other

15% |

2% N m Use of all three



Survey Results

Reasons State DOTs Indicated for Not Using SUE (n=7)
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Survey Results

State DOTs Use of SUE by
Percent of Projects

B Using SUE on 0-25% of
projects

Il Using SUE on 26-50% of
projects

BE Using SUE on 51-75% of
projects

[ Using SUE on 76-100% of
projects

[] Response not available



Survey Results

Project Criteria Prompting the Use of SUE (n=34)
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Survey Results ~ Timeliness

SUE Quality Levels Requested by Project Phase (n=33)

25

20

15

10

Number of Times Selected

5}

0

Planning/Schematic
Phase

10% Design
Complete

30% Design
Complete

60% Design
Complete

12
11 11

90% Design
Complete

A
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Survey Results ~ Stamping
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State DOT SUE Deliverable
Stamping Requirement

[ Engineers Stamp
B Surveyor's Stamp

¥Z Either (Engineer or
Surveyor)

gs Both
[T Neither
[ No Response Recorded



Survey Results

Method for Communicating SUE Information to
the Contractor (n=34)
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Case Examples

« Selected Cases

« Colorado, Georgia, Maryland, Minnesota,
Pennsylvania, and Texas



Lessons Learned

« Costs and Savings

« Costs are not a factor to those with advanced
SUE programs

- Texas DOT seeing 3% benefit/construction cost
savings plus time



Lessons Learned

« Time is of the Essence

« Collect the information to use the information



Lessons Learned

- Staffing and Organizational Approach
« Ownership of the SUE contracts

- Staffing provides opportunities



Lessons Learned

« SUE Services Procurement

- Have prequalifications and consider the ASCE
standard

- Spend time on the scope of services

« See ASCE’s SUE for Municipalities Guide
https://ascelibrary.org/doi/book/10.1061/9780784415368



https://ascelibrary.org/doi/book/10.1061/9780784415368

Lessons Learned

« SUE Services Procurement (Continued)
- Have consultant feedback and evaluation
- Statewide versus project specific

- May have multiple providers on the same
project (preliminary and final stages)

« Can be a source of frustration: extra
cost/work/liability to correct previous errors



Lessons Learned
- SUE Services Procurement (Continued)

- Stand-alone versus subconsultant or
subconsultant to the consultant utility
coordination

« Improved outcomes were noted when there was
good coordination with the design team

- Beginning SUE programes...it takes time for the
consultant community to develop their
expertise



Lessons Learned

« SUE Services Procurement (Continued)

 Quality control and assurance for SUE
deliverables...stamping is not really a
substitute



Lessons Learned

« SUE versus As-Built Information and Storage for
Future Use

- SUE as Part of a Larger Initiative



ASCE STANDARD

ASCE/UESI/CI

38-22

Standard Guideline
for Investigating
and Documenting
Existing Utilities

Prepared by the Standard Guideline for Investigating and Documenting
Existing Utilities Committee of the Utility Engineering and Surveying
Institute and the Construction Institute of ASCE

Standard Guideline for Investigating and Documenting Existing Utilities,
ASCE/UESI/CI 38-22, endeavors to safeguard public welfare by
providing guidance on performing utility investigations and
documenting results in a standardized fashion. It serves as both a
prescriptive standard and a performance standard. As a prescriptive
standard, it provides a series of minimum actions necessary to achieve
utility quality level documentation. As a performance standard, it
describes the professional judgment necessary to determine the
appropriate timing, sequencing, location, and scope of a utility
investigative effort.

The standard presents a credible system for classifying the quality of
utility location information that is placed in design plans. It is predicated
on the original subsurface utility engineering (SUE) practice that most
projects will benefit from the concurrent and Integrated use of
geophysics, records research, and a utility feature survey as early as
possible in project development.

ASCE 38-22 replaces the previous standard, CI/ASCE 38-02. This
revision adds new information on utility attributes and guidance on
collecting and recording depths of utility features and utility segments.
It also includes appendixes on geophysical techniques, academic and
organizational studies on costs and benefits of projects that have used
utility quality levels, and guidance on the development of three-
dimensional utility models, a relatively new practice.

This valuable resource will assist subsurface utility engineers, design
engineers, and other professionals proficient in engineering, surveying,
and geological and geophysical sciences, those who directly oversee
and execute utility investigations and develop the resulting
documentation, as well as those responsible for management of the
risks associated with development and construction that may affect or
be affected by existing utilities.




Introduction

This standard addresses the following:

e The Utility investigative practices, equipment, and data-
processing technologies available for the effective collection
and Documentation of Utility systems;

* How to convey Utility data to users through an uncertainty-
based classification system; and

* The respective roles of the professionals and project owners
in obtaining, communicating, and effectively deciding on
the Scope of Work of investigative effort.



ASCE 38-22 is a Performance-Based Standard

PERFORMANCE GOALS

—How can a project be designed so as to have minimal utility
Issues during the project development process;

—How can engineers (and others) be protected against utility-
related claims during the project development process?



Utilities present Risks
to Infrastructure Projects of all Kinds

Utility Owners are rarely a party to the Project contracts
There may be anywhere from 1-50 different utility owners within a project

Utility Owners do not have good records on where they are that are accurate enough for
good planning and design basis decisions by the Project Development Team

Re-Design, Design Delays, ROW / Easement Delays, Construction Delays, Differing Site
Condition Claims, Change Orders, Inflated Contractor Bid Prices and more are the result.

What if a Utility gets damaged during construction and there’s a death?

Engineers are supposed to hold paramount the Health, Safety, and Welfare of the Public
Pointing the Finger at various Parties does not solve the Problem

Documentation of Existing Conditions is a necessary Design function

Disclaimers on plans that utilities are the contractors problem may not hold up in a claim -
SCOTUS Spearin Doctrine, et.al.



Utility Quality Levels —Judging Uncertainty

The result of using this standard 1s the assignment of a value to
buried Utility Segments and buried Utility Features that judges
the relative (nonquantifiable) uncertainty of a Utility Segment’s
or Utility Feature’s existence, Attributes, and depicted location to
that of its actual location so that sound engineering decisions
throughout the Project Delivery process can mitigate and manage
those project risks owing to the presence of existing utilities.



How can we

know what’s
buried out of
sight?

RECORDS
VISUAL CLUES
GEOPHYSICS

DIG IT UP



Each Method has some amount of Uncertainty

* Records are uncertain

* Do they exist? Are they spatially correct? Are they complete? Do they have
recoverable references? Are they available?

* Visual indications are uncertain

* Is that a fire hydrant or a dog urinal? Does that wire entering the ground go
anywhere? Is that a repair patch? How big is that underground vault? Are there
even any objects to see? Does the utility between objects run straight?

* Geophysics are uncertain

* Is the signal | am receiving centered over a utility? Can this type of geophysics

see that kind of utility? How do these scrap pieces of metal in the ground affect
my signal?

* Point exposures are uncertain

* |s the utility | am looking for the one | exposed?



ASCE 38 is about the Professional Judgment and
Subsequent Depiction of Utility Segments’
Uncertainty in the Design Deliverables

* Synthesis of all information received and actively gathered iterated
throughout Project Development
* There are 4 categories of Uncertainty
 Utility Quality Level D (QLD)
e Utility Quality Level C (QLC)
e Utility Quality Level B (QLB)
 Utility Quality Level A (QLA)

A QL requires a PE seal in order to exist —
the PE is in responsible charge of the utility investigation



ASCE and the practice of Subsurface Utility Engineering is:

* 1/3 Geophysics
* 1/3 Engineering Survey

* 100% Professional Engineering

 Utility System Design and Construction Knowledge
Utility Conflict Identification
Utility and Material Recognition and Identification
Professional Judgment on Uncertainty
Impacts of that uncertainty value on design decisions



Knowing the relative Uncertainty,
the Design Engineer can:

* Know that additional information is prudent

* Modify / Adapt their design to avoid a potential conflict

* Accelerate the Project Delivery Process

* Design a project that is Constructable

* Develop realistic solutions to problems before they occur
* Develop realistic Estimates of Probable Cost
 Communicate Risk to the Stakeholders

* Better Allocate Risks between Contractual Parties

AVOID MIMIMIZE ACCOMMODATE RELOCATE



How do you do that?

* Know where all the utilities are positioned and each segment’s
uncertainty

e Know their characteristics

* Know this information early enough in the project development
process to make good design decisions

» Keep the utility data up-to-date as new utilities are added or as old
utilities are relocated



A Utility Quality Level Investigation:

* Is a competent thorough search for any and all utilities within the
scope of work within a particular project boundary

* Conforms to the minimum actions required to attempt to achieve a
particular Utility Quality Level (Prescriptive)

* Documents Utility Segments and Utility Features at their actual
achieved Utility Quality Level

 Also conveys information that a utility is likely not occupying space
where none are depicted (i.e. a search for unknown/non-recorded
utilities has been competently performed)



ENGINEER AND OWNER TASKS .

C4.11
C4.1.3
C4.1.4
C4.1.5
C4.1.6
C4.1.7
C4.1.8
C4.1.9
C4.1.11
C4.1.12
C4.1.14
C4.1.16
C4.1.17

Project Details and Goals
Explanation of Utility Quality Levels
Development of Scope of Work

Use of Historical Data

Quality Assurance and Third Parties
Formatting

Investigation Phases

Overhead Utilities Investigation
Judgment to Assign Utility Quality Levels
3D Deliverables

Isolated Utility Features

Preparing the Utility Report
Iterative Impact Analysis



VAULTS

Many times the symbol for a
vault or manhole cover does
not reflect the true dimensions,
shape, position and orientation
of underground space that is
being used and/or may not be
centered directly over a
symmetrical space.




PLAN VIEW
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Figure 36. A communication vault
showing the actual surveyed location
of the vault covers and the vault
dimensions, with details of the
interior of the vault contents via a
picture. Typically the plan view is
contained in the Utility Drawings,
and the supporting picture
referenced in the Utility Report.



Limitations of One-Call

* No search for unknowns

* No coordination between all the locators on site

* No structure investigation

* Only Pipe and Cable locators without all their capabilities
* Might be only marking from available records

e Minimum Wage / no training

* No responsible charge

* No responsibility for errors in “design tickets”



Traditional 2D Plan View
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3D Model Including Utilities
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— CDOT Utility Engineering Project Lifecycle

Planning
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SUE Data
10% Design

Digital As-built QL-B

data received
O&M Period
begins

N ) Utility Design ASCE 38-22
Utility Relocations Utility Coordination Conflict Matrix esign
y 30% Design C.R.S. 9-1.5-102.68
/g

Early Utility
Relocations

Construction
ASCE 75-22

Roadway Test Holes

QL-A
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60% Design

90% Design
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— SUE follows ASCE 38 Standard Guidelines

Addresses:

® How utility information can be
obtained

® What technologies are availableto
obtain that information

® How that information can be conveyed
to the end users

Standard Guideline
for Investigating
and Documenting
Existing Utilities

Intent:

® Present a system of classifying
the quality of data associated
with existing subsurface utilities

® Reduce risk by improving the
reliability of information on
existing subsurface utilities in a
defined manner

® Serve as a reference or part of a
specification; to assist engineers,
project and utility owners, and
contractors in understanding the
classification of the quality of
utility data

Quality Level -

* Most basic; existing records and
verbal recollections

* An 811 locate, OneCall, Diggers
Hotline

Quality Level -

* Surveying visible above or below-
ground utility features to estimate
approximate underground location

Quallty Level —
De5|gnat|ng Use of appropriate
and comprehensive geophysical
methods to determine the
existence and reproducible
horizontal position of virtually all
subsurface utilities

Quallty Level - A:
Precise mapping through exposure
of utility; provides type, size,
condition, and material andis:
o Called ‘locating’
o X, YandZ coordinates
o TestHoles




— SUE follows ASCE 38 Standard

CDOT SUE Tools

Best Practice — Subsurface Utility Engineering (SUE)
CDOT Master SUE Scope

CDOT SUE Request Form

Contracting for services

CADD Workspace — Quality level line styles

U1



— Best Practice - Subsurface Utility Engineering

Is the project a SUE-required project?

There are four criteria that determine if Subsurface Utility Engineering will be
required per C.R.S 9-1.5-102.68:

1. Involves a construction contract with a public entity

2. Involves horizontal construction (not buildings)

3. Exceeds two feet in depth and is a contiguous 1,000 square feet OR
involves any utility boring.

4. Designed by a Professional Engineer.
Link to document:

https://ops.colorado.gov/sites/ops/files/documents/BestPracticeSubsurface
UtilityEngineering.pdf

Colorado Departm
O

of Labor and Empioyment
Safety sion@state co.us
revention Safety Commission Web: www colorado gav/SafetyCommission

633 17 Steet, Sul
Denver, CO_80202-3610

Best Practice — Subsurface \Utjlity Engineering (SUE)

Scope

This Best Practice is meant to help industry stakeholders and the public understand the concept of
Subsurface Utility Engineering (SUE) by defining it, citing relevant sources and portions of the Excavation
Requirements Statute and discussing practical application/intention of the Law.

Best Practices are of the L Damage Safety C (Safety
Commission)

SUE: Background

SUE is considered an effective practice by many organizations, including the American Society of Civil
Engineers (ASCE), American Council of Engineering Companies of Colorado (ACEC), American Public Works
Association (APWA), Federal Aviation Administration (FAA) and Department of Transportation (DOT). SUE is
used to better understand underground infrastructure during the planning and designing phases of projocts fo:

« Allow better execution during the construction phase

» Reduce risks of underground utilities

« Observe significant cost savings on projects

Without SUE, some projacts may experience delays and extra costs resulting from

Unnecessary utiity locations based on incorrect location Information
Unexpected utilities found during construction

Redesign of utilty or structural project components

Utilies located at unexpected depths

Utiity damage

utiity relocation

The intent is to design around utilities in the interest of public safety. The recommendation is fo
include SUE in the design phase. SUE combines civil ying and to meet
damage prevention goals.

The Safety Commission interprets the intent of the language in the Law to be a ‘floor” not a ceiling — meaning
at a minimum, certain projects (those that meet the criteria as a SUE-required project per the Law) require
SUE. More stringent requirements may be required by the project owner. Furthermore, other projects that do
not meet SUE requirements per the Law may involve interaction with underground utilties, and performing a
SUE investigation still serves as a damage prevention tool. If a SUE investigation is not required or performed,
engineers should include utility information in design plans

SUE Defined

"A branch of engineering practice that involves managing certain risks associated with utiity
mapping at appropriate quality levels, utility coordination, utility relocation design and

v, utility condition of utiity dsta to concerned parties,

utilty relocation cost estimates, implementation of utiity accommodation policies, and utiity




‘ COLORADO
Transportation

Subsurface Utility Engineering (SUE) Scope of Work

Type of work may include all or parts of the following activities

Utility Investigaticn Activities - the scope of work for utility investigation may include:

The Consultant shall conduct and document an investigation of the project area to
determine existing utility conditions within the project limits. As part of the
investigation the Consultant will meet with all utility providers and collect utility key
maps for all utiiities in the project area, identify all known utilities: including lighting,
irrigation, ITS, storm sewer, ownership, type, size and special conditions should utility
relocation be required, and research and cbtain copies of utiity easements (public
and private) and utility franchise agreements to determine conditions under which the
ility was established in its present location (e.g. by revecable permit or by a privately
owned The utility { are to meet Qualty Levels A
and/or B as required under C/ASCE 38 or explain why QLA/B could nct be achieved.
The Consultant shall employ Professional Engineers who are able to stamp plans.

Project Goals

1) Quality Level B invoives the use of Quality Level D and C methods of utility
investigation plus the use of surface geophysical techniques to determine the
existence and horizontal position of underground utilities. This activity is called
"designating.” The information obtained in this manner is surveyed to project
control. Two-dimensional mapping information is obtained This information is
usually sufficient to accomplish preliminary engineering goals.

2) Quality Level A involves the use of Quality Level D, C and B methods of
investigation plus the use of minimally intrusive excavation methods at critical
points to determine the precise horizontal and vertical pesition of underground
utilities, as well as the type, size, condition, material, and other characteristics.
This activity uses test holes (sometimes called Locating). It is the highest level
presently available. When surveyed and mapped, precise plan and profile
information Is available for making final design decisions. Reccrds research shall
incluce but limited to the following sources:

« 811 Notification

« Contacts List
« Public Agencies
o Utility Owner

« Colorado 811

« County Clerk's Office
e Landowner

Internet Search
Visual Site Inspection
Irrigation Companies

[21986 Location Map 1-70B Mulberry to 5th Street |

Utility Coordination




— CDOT SUE Request Form/Requirements Checklist

Is the project a SUE-required project?

CDOT has four criteria that determines if
Subsurface Utility Engineering will be
required:

* Involves a construction contract with a public entity

* Involves horizontal construction (not buildings)

* Exceeds two feet in depth and is a contiguous 1,000
square feet OR involves any utility boring

* Designed by a Professional Engineer

COLORADO DEPARTMENT OF TRANSPORTATION
Subsurface Utility Engineering (SUE) Requirements Checklist

Project Name:

Project Number:

Design Scoping Review (DSR}

First, determine whether C.R.S. 9-1.5-102(6.8) applies. If this law applies, initiate SUE Notification. Establish the estimat:
specific SUE Scope of Work for inclusion into the Design Phase.

SUE is required when all four of the below conditions are applicable:

[ he project invelves a construction contract with 2 public entity.
D The project involves primarily horizontal construction, not construction of buildings.

The project has an anticipated excavation footprint exceeding 2 feet in depth AND is a contiguous 1000 square
feet (excluding fencing, and signing projects), OR involves utility boring.

D The project requires the design services of a licensed Professional Engineer (PE).

According to the above checklist, is this a "Subsurface Utility Engineering-required project?"

D Yes, *SUE-required project. [*refer to C.R.S. 9-1.5-103(2.4)).

D No, not a SUE-required project.

CDOT Project Manager Name CDOT Project Manager Signature Date

ate and project




— Technology and Data Collection

Source ASCE 38-22

GROUND

Figure 5-7. Details of the interior of the vault contents using LiDAR.

_ Figure 5-8. LIDAR image of the inside dimensions of an underground storm chamber.




— Geophysical Options for QL-B Data
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— Geophysical Options for QL-BData

Elevation Measurements Comparison - EMI Vs GyroMapping System
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E EMI Locating Practices
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g Pipe with Traceable Wire
g _________________ A 2y
= 4730 — Elevation Measurements with GyroMapping
(Total 1312 Samples, Data Point every 1 Feet )
« Elevation Using EMI Above Ground Locating
(Total of 41 Samples)
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— As-Constructed Data ASCE 75-22
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Data for Conflict Analysis

3D analysis of Potential Conflicts

Utility Plan with Potential Conflicts
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— Data for Conflict Analysis

3D-Potential Conflicts
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— Documenting Conflicts

Conflict Analysis

eBetween QL-B investigation and current 30% design

e Compare proposed design to existing QL-B base map

e Find/define potential conflict points

e Determine QL-A locations using proposed plan and conflict matrix

QL-A locates: “Test Holes”
Begin to develop Test Hole Plan

Communicating Conflicts

After conflicts have been identified, there should be a meeting with:
o SUE consultant (if Utility Coordination is included in their task order)
e Utility providers

e CDOT

Share what was found in the field:

eResults of the QL-B investigation — point out possible conflicts and test
hole locations

e What utility relocations are anticipated?

e Are there any utility easements in the project area?

e Who pays for relocations?

eWhat types of agreements are needed? — ICC, SUA, Railroad Contracts,
etc.

e
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Subscribe to TRB Weekly

If your agency, university, or
organization perform transportation
research, you and your colleagues need
the TRB Weekly newsletter in your
inboxes!

Each Tuesday, we announce the latest:

RFPs

TRB's many industry-focused webinars
and events

3-5 new TRB reports each week

Top research across the industry
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Listen to TRB’s podcast
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Stay in touch

Receive emails about upcoming webinars:
https://mailchi.mp/nas.edu/trbwebinars

Find upcoming conferences: https://www.nationalacademies.org/trb/events
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We want to hear from you
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