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Chapter 1 Introduction

1.1 Purpose of the Freeway Management System
Design Guideline

The Intermodal Transportation Division (ITD) of the Arizona Department of Transportation (ADOT)
carries out the responsibilities legislated to ADOT by its governing body, the seven-member Arizona
State Transportation Board. The ITD is composed of 11 groups and ten engineering districts. The
Division is directed by the state engineer and three deputy state engineers.

The Transportation Technology Group (TTG), one of the 11 groups within ITD, is responsible for
deploying technology to improve ground transportation in Arizona, traditionally called Intelligent
Transportation Systems (ITS). ITS deployments on urban highways in Arizona are called the Freeway
Management System (FMS). This guideline is published by the TTG to support the design of FMS
technology and infrastructure.

This set of guidelines is targeted to assist designers to incorporate the basic elements of the FMS in their
Plans, Specifications, and Engineer’s Estimate (PS&E) documents and to facilitate the ongoing
implementation of the FMS. The FMS consists of communications, electronics, and information
processing to enhance safety, capacity, and emergency response.

This guideline document is neither a standard nor substitute for engineering experience, skill, knowledge,
or judgment. Actual conditions require the use of engineering judgment in using the direction contained in
this guideline.

The term designer refers to anyone, regardless of title and employer, who prepares PS&E for FMS
projects in the state of Arizona. Where the term Contractor is mentioned in this guide, it is understood
that the role of Contractor is to be viewed from the designer’s perspective. The Contractor physically
constructs the system. This document is not a substitute for formal documents binding to a Contractor.

FMS projects typically require a planning document, such as:

e Project Assessment (PA);

e FMS Concept Report; or

e If part of a roadway project, a chapter within the Design Concept Report (DCR).
Most projects also require a formal Design Quality Management Plan (DQMP).

The ADOT TTG project manager (PM) reviews all FMS planning and design documents during various
stages of design. The designer will consult with various other sections/groups within ADOT during the
design process, including:

e Roadway Engineering Group — to incorporate FMS fully into the civil design;
e Roadway Predesign;
e Roadway Design;
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e Drainage Design;
e Roadside Development;

e Valley or Statewide Project Management — to ensure compatibility of the FMS with the civil
design;

e Federal Highway Administration — for oversight;
e The regional ADOT District — to ensure compatibility of the FMS with regional ADOT goals;
e Contracts & Specifications (C&S) — for guidance in writing special provisions; and

e Others (including Environmental Planning Group, Bridge Group, Traffic Group, Right-of-way
Group, Program and Projects Management, and Utility & Railroad Engineering).

1.1.1 History of the FMS Design Guide

The first FMS Infrastructure Design Guideline was published in 1989. The first update was published in
1994. The Guidelines were further updated in 2000 in conjunction with the FMS Phase 3 work in Phoenix
and subsequent projects. The Guidelines were again updated in 2002 for the FMS Phase 5 project in
Phoenix and the Tucson Phase 1 project. The 2007 Design Guidelines was the first to drop the word
“Infrastructure” from the title. Three new sections were added to address other aspects of the FMS,
including some that fell outside the domain of infrastructure: Communication Nodes, OSP data base, and
Testing. Ramp Metering was removed and a separate Design Guide was first published in 2003. The 2007
FMS Design Guidelines also included changing the term Variable Message Sign to Dynamic Message
Sign throughout the document. The 2009 FMS Design Guidelines have been updated to include the latest
technology selection decisions by ADOT and to incorporate any Lessons Learned from the Design and
Contractor community. The state of Arizona intends to update the FMS Design Guidelines as needed.

1.1.2  FMS Goals and Objectives

ADOT manages an extensive FMS in two urban areas (Phoenix and Tucson), as well as a vast array of
intelligent transportation devices in rural Arizona. The FMS Design Guidelines’ main focus is freeways;
however, some guidelines may be useful for rural highways. This guideline does not address rural
Arizona devices such as Roadway Weather Information Sensors (RWIS).

There are two types of traffic congestion in urban areas, namely recurring and non-recurring congestion.
Congestion occurs when the demand exceeds the capacity, or when capacity is reduced. Recurring
congestion commonly occurs during the morning and evening commutes when traffic demand exceeds
the available capacity of the freeway lanes. In addition, non-recurring congestion occurs when crashes,
disabled vehicles, debris in the roadway, construction, adverse weather conditions, and other factors
reduce the capacity of the freeway to below the traffic demand.

The objectives of the FMS are intended to:
e Reduce the impacts of congestion;
e Minimize the duration and effects of non-recurring congestion;
e Maximize the operational safety and efficiency of the traveling public;

e Provide motorists with relevant traffic information;



e Provide assistance to motorists; and

e Operate a system that provides a service and builds credibility with the public.
The benefits of the FMS for the motoring public include:

e Improving safety;

e Improving efficiency of the motoring public;

e Reducing environmental impact;

e Reducing fuel consumption;

e Enhancing productivity;

e Saving lives through emergency response;

e Reducing secondary collisions;

e Integrating regional traffic management systems; and

e Centralizing management of the freeway system.

1.1.3 Concept of Communications

In general, ADOT FMS communication macro-level design was initially guided by the ADOT FMS
SONET® Communications Master Plan (published in 1999). ADOT no longer uses SONET technology
and communications equipment continues to evolve with emerging technology. In the two largest
metropolitan areas of the state, ADOT facilitates the sharing of information between ADOT and local
agencies by promoting regional connectivity, as shown in Table 1.1. The ADOT FMS and local cities ITS
systems share agreements, which are established through ADOT’s Joint Project Agreements Office in the
form of a Joint Project Agreement (JPA) or Intergovernmental Agreement (IGA).

Table 1.1 ADOT Regional Connectivity Networks

METRO AREA ACRONYM NAME
Phoenix RCN Regional Community Network
Tucson RTDN Regional Transportation Data Network

For more information, the network documents are available at the respective websites:

MAG = http://www.mag.maricopa.gov

PAG = http://www.azrtdn.net

Generally, it is ADOT’s intent to provide communications redundancy for all FMS segments. This
redundancy can be accomplished either physically within the segment through a dual trunkline system or
technologically through the use of an alternate path, such as via an alternative looped freeway conduit
path. Freeway spokes require dual trunklines, but where a continuous loop can be established and the

Note: ADOT no longer uses the SONET standard for FMS as shown in the FMS SONET Communication Master
Plan.
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communications equipment can travel the distance, the trunkline is constructed on one side of the
freeway.

Further, the designer should be versed in communications technologies, including fiber-optics, analog
Frequency Division Multiplexing (FDM), digital Time Division Multiplexing (TDM), Coarse Wave
Division Multiplexing (CWDM), and Ethernet Based Internet Protocol (IP) technologies. These latter
technologies allow for improved redundancy opportunities and efficiencies.

1.1.4 Using this FMS Design Guide with Other Documents

Generally, the ADOT TTG teams follow the PS&E document preparation guidelines for Roadway
Engineering. The PS&E documents are to be prepared at the 60%, 95%, 100% (Stages III, IV, and V),
and seal stages.

The designer shall be guided by these 2009 FMS Design Guidelines and by the latest version of several
ADOT documents, including but not necessarily limited to:

e Predesign Guidelines (http://www.azdot.gov/Highways/RdwyEng/RoadwayPredesign/Index.asp);

e Design Procedures Manual;

e Roadway Design Guidelines;

e TTG Ramp Meter Design, Operations, and Maintenance Guidelines;

e FMS Standard Drawings;

e FMS Standard Specifications;

o Stored Specifications (all, with emphasis on those related to FMS); and
e 2008 ADOT Standard Specifications for Road and Bridge Construction.

Refer to the ADOT website for the latest instructions and to find the respective documents. The designer
shall also consult the ADOT TTG PM for recent FMS standards that have not yet been adopted within
these published documents.

It is also helpful for the designer to understand the ADOT TOC Operations Manual for FMS operations.
This manual offers a prospective from the actual users of the system.

The ADOT Traffic Group publishes the Traffic Signals and Lighting Standard Drawings. These standard
drawings contain several standards that may appear to duplicate FMS standard drawings. The FMS
standard drawings take precedence over the Traffic Signals and Lighting Standard Drawings.


http://www.azdot.gov/Highways/RdwyEng/RoadwayPredesign/Index.asp);

1.1.5 Definitions

Table 1.2 is a list of commonly used acronyms that appear throughout this document.

ACRONYMS DESCRIPTION

Table 1.2 Acronyms

AASHTO American Association of State Highway and Transportation Officials

ADOT Arizona Department of Transportation

APL Approved Products List

ASTM American Society for Testing and Materials

AQD Advance Queue Detector

ATOC Alternative Traffic Operations Center

CCTV Closed Circuit Television

CLSM Controlled Low Strength Material

CWDM Coarse Wavelength Division Multiplexing

DCR Design Concept Report

DMS Dynamic Message Sign

DQMP Design Quality Management Plan

FDM Frequency Division Multiplexing

FMS Freeway Management System

GIS Geographic Information System

HDD Horizontal Directional Drilling

HDPE High Density Polyethylene

HVAC Heating, Ventilation, and Air Conditioning

IMSA International Municipal Signal Association

IP Internet Protocol

ITD ADOT Intermodal Transportation Division (which includes TTG)

ITOC Interim Traffic Operations Center

ITS Intelligent Transportation Systems

LED Light Emitting Diode

MAG Maricopa Association of Governments

MUTCD Manual on Uniform Traffic Control Devices

NEC National Electric Code

Node Communications hub for termination of trunkline fiber-optic cables,
typically housed inside a climate controlled secure building at a SI
(system interchange).
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ACRONYMS DESCRIPTION

NTCIP National Transportation Communications for ITS Protocol
OSP Outside Plant

PA Project Assessment

PAG Pima Association of Governments

PM Project Manager

PRIDE Product Resource Investment Deployment and Evaluation
PS&E Plans, Specifications and Estimates

PVC Polyvinyl Chloride

RCN Regional Community Network (For Phoenix Metro Region)
RMC Rigid Metal Conduit

RTDN Regional Tucson Data Network (For Tucson Metro Region)
SDR Size Diameter Ratio

ST System Interchange (Freeway to Freeway)

SMFO Single-Mode Fiber-optic

TDM Time Division Multiplexing

TI Traffic Interchange (Crossroad)

TOC Traffic Operations Center

TTG Transportation Technology Group

UPS Uninterruptible Power Supply

VAC Volts — Alternating Current

VDC Volts — Direct Current
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Chapter 2 Freeway Management
System Elements

The FMS comprises a number of elements, all interconnected and operating together as a system, in order
to accomplish the TTG’s goals and objectives.

Key FMS field elements discussed within this guideline include:
o Closed-circuit television (CCTV) cameras;

e Communications System, interconnecting devices to the Traffic Operations Center (TOC) and
other  agencies;

e Detection system sites;
e Dynamic Message Signs (DMS); and

e Ramp meters (See Ramp Meter Design, Operations and Maintenance Guidelines for additional
detail).

e Other elements (not discussed in this guideline) include:
e FMS Construction VISION Field Office;

e FMS Maintenance;

e Hardware and software used at the TOC;

e TOC operating staff;

e Traffic Interchange Signals;

e TOC; and

e TTG operational policies and procedures.

2.1 Evolution of FMS Design

The deployment of FMS elements has evolved since the first FMS project. As the FMS has grown and
evolved over time, owner experience and technological improvements have driven the need for change.
Newer technology must work with existing older /legacy technology. The need for consistency throughout
the system is sometimes challenged by the need to improve it. These guidelines attempt to offer the
designer a framework that offers consistency and flexibility for improvement. The designer should be
familiar with the overall functionality of the FMS, its field elements and their technologies, and the
connectivity between the field elements and their users. Continuous input from maintenance, end users,
and construction have helped determine criteria for design.
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2.2 Mainline System

The FMS contains a mainline detection system covering each traffic lane. Mainline detection occurs at a
spacing of approximately one mile. Generally, preformed loop detectors are used for all new pavement
projects. Early FMS deployments utilized mainline detection stations at 1/3-mile spacing; ADOT is
currently removing many of these stations in order to achieve the one-mile spacing standard. Data from
these detectors is used to electronically determine travel times and abnormalities in traffic flow, which
indicate a potential incident. Once an incident is indicated, the FMS operators at the TOC are able to
focus the color CCTV cameras with pan, tilt, and zoom capabilities at the potential incident location to
confirm the incident.

A Model 179 or Model 2070 controller-based ramp metering system on the entrance ramps limits the
demand on a given section of freeway. Information to be communicated to the motorists is displayed
using shuttered fiber-optic or light emitting diode (LED) DMS.

All of the field equipment is interconnected to the TOC or to a node building which is connected to the
TOC. The field devices are connected using a fiber-optic communications system. Additional TOCs,
such as those for other geographic areas and/or back-up TOCs, may be added to the network.

As new freeways are designed and constructed, it is desirable to incorporate certain FMS features to
facilitate future FMS operation. To accomplish this objective, the roadway designer is responsible for the
geometric design of on-ramps to accommodate dual lane ramp metering. In addition, the designer is
responsible for the layout of detection on the mainline freeway and the ramps, the trunkline
communications conduit system, pull boxes, to be aware of future equipment foundation locations, and
provide conduit or the actual foundation, as appropriate.

Unlike new freeway construction, it is common for FMS elements to be retrofitted into existing freeway
segments, where the existing FMS infrastructure ranges from non-existent to substantial. Retrofit projects
require careful evaluation of existing infrastructure, particularly the available fiber-optic cable strands in
the adjacent completed segment of FMS construction.

The design of detection systems, conduits to connect mainline detection systems, ramp meters, CCTV,
and DMS is to be initiated in accordance with the guidelines described in this document. Detailed design
of the build-out of the FMS system is addressed in the documents listed in Section 1.1.4. The designer is
encouraged to be aware of emerging technologies and their effect on FMS design. ADOT is migrating
toward National Transportation Communication for ITS Protocol (NTCIP) compliant devices.

Figure 2.1 illustrates typical FMS devices, controller cabinets, and conduit infrastructure for a freeway
segment with crossroad interchange.
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Chapter 3 Incorporated Freeway
Management System Infrastructure
Components

A full FMS project may be implemented either as a stand-alone project along an existing section of
freeway where no civil improvements are involved or as an integrated project with civil improvements,
typically a mainline widening. Regardless of stand-alone or integrated status, the design of the full FMS
most likely involves every chapter of this guideline. The FMS infrastructure includes the following field
elements, with the design of each addressed later within this guideline:

e Communications trunkline conduit system — Chapter 4;

e Detection system — Chapter 5;

e Ramp meter and other FMS cabinets — Chapter 6;

e Dynamic message signs (DMS) — Chapter 7,

e Closed-circuit television (CCTV) cameras — Chapter 8&;

e Communication Nodes and Node Buildings — Chapter 9; and

e Fiber-optic Cable Outside Plant (OSP) Design and Modeling — Chapter 10.

In many instances the proposed FMS infrastructure, whether in a roadway project or in a stand-alone
project, will border a local jurisdiction. The FMS designer should invite the local jurisdictions to the
project kickoff meeting and coordination with the local jurisdictions should be a standard item on the
progress meeting agenda. It will be the FMS designer’s responsibility to coordinate with the local
jurisdiction and the ADOT IGA/JPA office shortly after receiving the notice to proceed.

All submittals shall include PS&E for distribution by the designer. Regular progress meetings as well as
comment resolution meetings shall be held for each project. The designer must submit estimates in the
ADOT E2C2 format and provide a schedule detailing the 21 milestones tracked by ADOT. Requests for
utility service drops are typically the responsibility of the designer and will require on-site meetings with
the utility company providing service.

This section outlines basic designer responsibility and is intended for information, but it is not all-
inclusive.

3.1 FMS Infrastructure with a Roadway Project

The FMS infrastructure elements shall be considered an integral part of the freeway design. As a
minimum in each project, the designer should include trunkline conduits, pull boxes, and detection
systems. These elements are placed below ground or in the pavement and as such should be constructed
with the freeway or freeway widening. This constitutes the “plumbing” of the FMS system.
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The trunkline conduit system extends along the mainline freeway corridor and provides the primary
method of distributing fiber-optic communications cabling and power conductors for the system. The
conduit system also includes pull boxes placed along the mainline conduit system.

The pull boxes are required to interconnect the field devices with the communications and power cables,
and to facilitate installation and maintenance of the FMS.

Where new pavement is to be installed, preformed loop detectors are required to be placed beneath the
pavement section. In this case loops are placed along the freeway mainline and on entrance ramps.

In some instances, other elements of the FMS design, such as ramp meters, cabinet foundations, DMS
foundations, CCTV foundations, controller cabinet platforms, or special conduit connections must also be
provided within the roadway design. These additional FMS elements are required when elements of the
roadway design (such as retaining walls, sound walls, long bridges, median barrier, etc.) make it
impractical or excessively costly to complete the necessary installation during a future FMS
implementation project. Blisters for DMS signs, pull box locations, and lateral crossings of the freeway
should be strategically placed to accommodate future devices. The designer should consider the criteria
presented in this guideline for placement of the infrastructure.

In many instances the FMS designers in large-scale roadway projects are required to attend the overall
project progress meetings. Although these progress meetings are very productive, the FMS portion of the
meeting is small compared to the overall project components. These meetings can also be very time
consuming and in many instances the ADOT TTG staff cannot set aside a block of time to attend the
entire meeting. The FMS designer will need to set up a separate progress review meeting with ADOT
TTG, ADOT Phoenix Construction District ITS and/or local construction district, and ADOT VISION
field office staff after each project submittal. It will be the responsibility of the FMS designer to set up
these progress meetings.

3.2 FMS Infrastructure Stand-Alone Projects

When FMS infrastructure is designed as a stand-alone project, the designer bears a greater responsibility
for planning documents, clearances, and conformance to the ADOT project management process.
Coordination with other agencies and local utilities is the responsibility of the designer.

The designer typically starts with a planning document such as a PA that takes the project to 30% design
including an estimate and discussion of design alternatives considered. The document will show
preliminary device locations in sketch format and identify any special considerations, such as local
agency involvement, special clearances needed, and special geographic concerns. The document should
include a general project schedule for design and construction. Base mapping is generally not required at
this stage.

Clearances required included environmental, utility, and right-of-way. Where projects occur on Native
American lands, special permits may need to be obtained. Special permits or clearances may also be
needed for railroad, state parks, flood control districts, and connections to city facilities. The designer
must be aware of these items and budget for them in the schedule. A JPA or IGA may be needed to
reimburse costs for enhancements desired by outside agencies and/or shared communications
infrastructure (i.e., conduit and fiber-optic cabling systems).

Prior to the kickoff meeting, the designer should meet with the ADOT TTG PM to discuss stakeholders,
statements of work, schedule, scope, and budget. Traffic control will typically be the responsibility of the
designer including traffic control for bucket truck surveys and field surveys. Special field surveys will be
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needed for specific devices such as DMS, CCTV, detection systems, and Node buildings. Where unique
structural designs are required, the designer must involve the ADOT Structures Group.

ADOT Phoenix Construction District ITS and ADOT VISION Field Office play an important part in plan
and specification review. Their input was extensive in the production of these guidelines and must be
included for each project designed.

The designer should plan on conducting a post design meeting with the VISION Field Office to present
the project to the construction inspectors. In addition, the designers’ continued involvement through
construction as part of post design services is desired. Developing as-builts and providing a final
computer aided design disc after construction is also a design responsibility.

3.3 Emerging Technology

Other technologies for FMS infrastructure may be considered in the design provided they have been
approved by the ADOT TTG. A listing of current ADOT approved technologies appears on the Approved
Products List (APL) following the Product Resource Investment Deployment and Evaluation (PRIDE)
process. The PRIDE process is administered by the ADOT Transportation Planning Division’s Arizona
Transportation Research Center. Due to the technological nature of FMS, research projects can be
proposed by designers for inclusion in current project plans.
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Chapter 4 Communications Trunkline
Conduit System

4.1 Purpose

The FMS communications system consists of either one or two trunkline conduit systems that run parallel
to the mainline freeway. These trunkline conduits provide the primary method of distributing fiber-optic
communications cabling and power conductors for the system.

FMS conduits that are not part of the trunkline conduit system are typically called branch conduits.
Branch conduits connect the trunkline network to the various field cabinets and devices. Within this
document, branch fiber-optic cables are described as fiber-optic cables contained within branch conduits.

4.2 Position of Trunkline within Freeway Right-of-
Way

The trunkline conduit system shall be located inside and along the edge of the freeway’s right-of-way
line. Generally, the trunkline conduit should be located as far from the mainline edge of pavement as
feasible so that future widening of the mainline freeway will not impact it. The likelihood of future
earthwork and re-grading decreases when approaching the right-of-way line. Thus, the trunkline conduit
system is less likely to be disturbed by this work.

The designer will have to exercise engineering judgment as to the preferred location for the trunkline
conduit system, considering factors such as slopes, cross-section, proximity to retaining walls, sound
walls, and landscaping and irrigation systems. Maintenance force access to the trunkline conduit system,
usually at pull boxes, should also be considered. The trunkline conduits should be offset from the actual
right-of-way fence, where feasible, to avoid repeated maintenance vehicle wheel-loads. Several figures
are included to illustrate these design concepts. (See Figures 4.1, 4.2,4.3,4.4,4.5, and 4.8.)

When the freeway is on an embankment section, consideration must be given to placing field equipment,
controller cabinets, etc., at the top of slope to provide visibility of the FMS equipment from the cabinet,
even though the trunkline remains adjacent to the right-of-way line. In any case, trunkline should not be
placed below slopes.

4.3 Trunkline Conduit Array & Layout

This section describes several trunkline conduit configurations intended to complete the existing FMS
trunkline conduit system and the future expansion of the FMS in a consistent manner. The industry has
dynamically changed over the past few years with regard to conduit systems. Conduit size,
trenching/backfill, directional drilling, etc., are among the most expensive yet important elements of the
FMS.

May 2009 4-1



Arizona Department of Transportation FMS Design Guidelines ADOT

4.3.1 Conduit Array: Three-Inch Conduits

The installation of new trunkline conduit along existing urban freeways (Phoenix: Loop 101, Loop 202,
SR-51, US-60, I-10, and I-17; Tucson: I-10 and 1-19) shall be consistent with a three-inch conduit array.
This three-inch conduit array has been used extensively in the existing conduit system and is the ADOT
standard.

Future build-out of new routes, such as Loop 202 South Mountain, Loop 303, and the Williams Gateway
freeways in Phoenix may be configured with a different conduit array. Alternate conduit systems for
future build-out could include quad-ducts and HDPE alternatives (see Section 4.5.2 for a discussion of
conduit materials). Future options for innerducts (see Section 4.6) within the conduit system include
micro-ducts and flexible fabric innerducts.

Section 4.5.3 provides further discussion of trunkline conduit orientation, including vertical and
horizontal configurations.

4.3.2 Conduit Layout

The ADOT FMS in Phoenix is approaching 100% build-out for all freeways interior to Loop 101 and
Loop 202. It is ADOT’s intention to complete the core FMS by continuing the construction of the three-
inch conduit array. Regional connectivity goals for local agencies may require the need for fiber-optic
cable installation within the spare conduit, and this issue should be carefully discussed with the ADOT
TTG PM.

Trunkline on Both Sides of Freeway

Three 3-inch trunkline conduits are required along both sides of the freeway to accommodate
communications cables and power cables, and to provide for future expansion of the FMS. Certain
segments of the FMS trunkline may also include a fourth conduit for roadway lighting. The conduit path
shall be chosen to provide a continuous conduit system as shown in Figure 4.1 and Figure 4.2. Any
deviation from the conduit systems as shown in these figures requires ADOT TTG approval.

Trunkline on One Side of Freeway

The single trunkline configuration will generally be limited to segments where communication
redundancy (e.g., a second path to another node building) is immediately available by means other than
the second trunkline within the same corridor. The ADOT TTG PM must approve all single trunkline
segments prior to design.

Where designated by the ADOT TTG PM, the conduit path for the trunkline conduit system may be
constructed on only one side of the freeway. The conduit path for a “one-side” trunkline layout should
incorporate the layout shown in Figure 4.3. This layout allows for future construction of the second
trunkline on the opposite side of the respective freeway and frequent crossings to connect devices on both
sides of the freeway. When the trunkline is constructed on one side of the freeway, it should generally be
positioned on the same side of the freeway throughout the length of the freeway segment.

The parallel, deferred second trunkline conduit path should be examined during the initial design phase
for costly future installation issues. For example, it is required to place a concurrent second, parallel
conduit system over or under a canal, railroad, drainage way, connector ramp, major arterial, etc., along
with lateral connections to the primary trunkline, to facilitate future expansion of the FMS.
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Figure 4.3 also depicts the recommended construction of a portion of the second trunkline at crossroad
interchanges. Portions of a second trunkline must be connected via a crossing of the mainline to the
adjacent trunkline. One connection between the two trunklines is required along either side of each major
crossroad, railroad, canal, and major drainage pathways. A second optional lateral connection is preferred
near the on-ramp connection to the mainline.
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Figure 4.2 Trunkline Conduit Locations At Crossroad Interchanges
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