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ABSTRACT
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State transportation agencies or Departments of Transportation (DOTs) are among the largest
builders in each state. Projects occur in hundreds of locations around each state and annual
budgets exceed a billion dollars in some cases. Furthermore, DOT leadership, commitment, and
responsibility have an impact far beyond the agency’s own activities. Hundreds of cities and
towns apply DOT standard specifications/plans in municipal construction and maintenance
annually. Private contractors and developers attend DOT training course and apply best
management practices to residential and commercial projects throughout the state. Resource
agencies send their employees to be trained by the DOT in some cases and recognize such
training as a means of improving environmental performance.

Led by some bold pioneers, state DOTs have begun to embrace new environmental stewardship
priorities in construction and maintenance activities. Recognizing their strengths as large public
works agencies with significant resources, the ability to interact with the public on a daily basis,
and personnel who are committed to excellence in public service, many state transportation
agencies are adding pursuit of environmental enhancement opportunities to their standing
commitments to comply with environmental laws and regulations.

Many DOT employees are environmentalists in their own right—in particular, those who are at
home in and enjoy the outdoors. Those who work at state transportation agencies, like their
neighbors, often want to be partners in protecting and enhancing fishing streams, bird habitat,
and other aspects of a livable environment for people and other creatures. When given the
opportunity and encouragement to make a difference in the work they do on a daily basis, DOT
employees are embracing, taking ownership of, and indeed extending and improving upon
environmental stewardship initiatives. As a result, DOT credibility is rising with regulators and
the public. As an important side benefit, some of the DOTs that have undertaken this journey
have experienced reinvigorated employee morale.

State transportation agencies and their federal partners have increasingly integrated
environmental stewardship into maintenance and construction activities; however, information
on these efforts has not been adequately summarized or disseminated. This project is intended to
enable transportation agencies to more fully benefit from each other’s experience, to help them
more fully integrate stewardship into all aspects of their work in these areas.

Why Focus on Construction and Maintenance in Implementing Environmental
Stewardship?

Construction and maintenance operations:
e Employ the majority of the work force.
e Are the locus of some of the most significant environmental impacts and opportunities.
e Have a need for consistent systems.
e Can have significant contact with DOT customers.

e Have the opportunity to show the public and regulators the substance of the DOT’s
commitment to environmental stewardship.

e Have developed many best practices already, and can benefit from systems, tools, and
practices that have been developed by other transportation agencies and industries to
improve environmental performance.
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CHAPTER 1: INTRODUCTION AND RESEARCH APPROACH

1.1. PROBLEM STATEMENT AND RESEARCH OBJECTIVES

The drafters of the scope for this project recognized a pressing need for information regarding
environmental stewardship practices in construction and maintenance, in order to increase
environmental sensitivities and help states avoid “reinventing the wheel.” Thus, this project was
designed to help DOTs apply more quickly and easily that which has already been learned or
developed. To this end, this report describes sample practices and then links the user to pertinent
examples, design drawings, or more detailed guidance or procedures.

State transportation agencies are increasingly adopting a wide array of stewardship and
environmental protection and enhancement practices, many on a voluntary basis. Regulatory
agencies, insurers, and interest groups also favor adoption of construction and maintenance
practices that protect or enhance the environment. The need for standards and improvements in
environmental processes and practices has risen with:

e Public concern for the environment and sustainability.

e Acknowledgement at both the state and federal level of the importance of environmental
issues and demonstrating environmental stewardship.

e Proliferating national, state, and local standards.
e Evolution from “command and control” to self-regulation.

DOTs also have efficiency reasons for pursuing environmental stewardship practices. Raw
material usage, energy consumption, waste generation, storage, environmental mitigation,
maintenance of construction sites and the final facilities and roadsides all require a significant
investment of financial resources. Efficient, effective, and environmentally conscious use of
these resources can yield both financial and ecological benefits.

The specific objective of this research was to develop a compendium of practices for integrating
environmental stewardship into construction, operations, and maintenance activities. The
Random House College Dictionary defines a compendium as a list or inventory. The practices
included in this compendium have applicability beyond specific state or local regulations. Many
environmental stewardship practices and operational controls are commonly employed by state
transportation agencies. Those that are self-explanatory as listed are presented herein in bulleted
checklist format by functional areas, and in some cases by environmental media. Other more
complex/comprehensive and highly recommended models of practices, policies, procedures, or
programs are identified and described in greater detail, with examples and links whenever
possible. Where states are using performance measures to evaluate practices, or more
widespread standards are available, these are included as well.

While “the original project refers mainly to specific technical practices and procedures,” a
revised scope developed by the panel suggested that “this should be broadened to include policy,
organizational and management approaches, up to and including overall environmental
management policies [such as] PennDOT’s SEMP (Strategic Environmental Management
Program)...a comprehensive guide to implementing Pennsylvania’s Green Plan...Partnerships
between DOTs and resource agencies is another example of an organizational approach to
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environmental stewardship. The adoption of environmental management systems and policies
should be documented in different sections of the report from the compendium of specific best
practices.” Thus, in addition to construction and maintenance practices, initial chapters were
developed on organizational level stewardship practice and requested areas in pre-construction,
including context sensitive design, wildlife crossings, and bioengineering.

1.2. THE TREND TOWARD ENVIRONMENTAL STEWARDSHIP

Discussions among environmental leaders at several DOTs led to the genesis of AASHTO’s
Environmental Stewardship Demonstration Program in the fall of 2001, with financial support
from FHWA. The demonstration program acknowledges three levels of approaches to
environmental stewardship at transportation agencies, from adding stewardship features to
projects on a case-by-case basis, without major changes to financial or organizational systems, to
developing programmatic stewardship efforts and institutionalizing changes to the organization
and its processes. Cultural and process change may be the most challenging, but can bring about
some of the greatest rewards, as leaders in the field testify. Some of these leading states have
adopted environmental policies and stewardship objectives in strategic plans, are utilizing and
expanding the environmental expertise of all staff, and modifying procedures and business
processes to incorporate environmentally sound decisionmaking and action in all parts of the
organization.

Participants in a workshop focused on stewardship at the Transportation Research Board’s 2001
A1F02 Environmental Analysis in Transportation Committee meeting defined environmental
stewardship in transportation as:

e Wise choices based on understanding the consequences to natural, human-made, and
social environments.

e Improving environmental conditions and the quality of life when possible, not just
complying with regulations.

e (Careful management of environmental resources and values through partnerships among
public and private entities.

e Attitude, ethics, and behavior by individuals.

e Fulfilling responsibilities as trustees of the environment for succeeding generations,
moving toward a cost-effective and environmentally sustainable future.

e Integrating environmental values with partners within all transportation work as a “core
business value.”

AASHTO has taken steps to try to expand environmental stewardship among DOTs by
publicizing DOT success stories, awarding notable DOT initiatives, and starting the Center for
Environmental Excellence, a one stop source of environmental information for transportation
professionals. AASHTO’s Standing Committee on the Environment initiated the NCHRP 25-25
research program focusing on research to “develop improvements to the analytical methods,
decision-support tools, procedures, and techniques employed by practitioners in environmental
streamlining, environmental stewardship, statewide and metropolitan environmental
transportation planning, program delivery, and project development.”(/) This research program
has backed the current study effort, with interest, support, and involvement from the AASHTO
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Subcommittees on Construction and Maintenance, as well as the TRB Task Force on
Accelerating Innovation.

1.3. SCOPE OF STUDY AND DEFINITION OF ENVIRONMENTAL STEWARDSHIP
PRACTICES

The oversight panel for this project discussed and rejected use of the more common terms “best
practices” or “best management practices” for this project, in favor of the term “environmental
stewardship practices.” In this document, environmental stewardship practices address a broad
gamut of practices, programs, and procedures designed to better care for the environment.

Whether they are called BMPs or environmental stewardship practices, practitioners faced with
specific problems must always take into account the settings in which the practice is applied, and
often tailor a more general practice to fit a specific context. Some practices are by necessity
highly local, such as roadside vegetation management, while others, such as shop maintenance,
have greater consistency and performance across organizations.

Practices are constantly evolving with technological improvements and regulatory changes.
Also, what is considered “best” in one locale is not the most appropriate practice in another. By
developing a compendium of practice, the panel sought to provide DOTs a way to survey what is
occurring at other agencies in their areas of interest at this time, to expedite implementation of
good ideas and process improvements most appropriate for their own agencies and situations.

Chapter 2 of this report addresses environmental stewardship and its impact on State
Departments of Transportation in its broadest sense — from strategic planning and policy setting
to environmental management systems and performance audits. There are several key reasons
for this foundation in environmental stewardship to be established as a prelude to addressing the
detail of individual construction and maintenance practices covered in subsequent chapters:

e The scope of work for this project wisely reflects the reality that the degree of
commitment to environmental stewardship practices in construction and maintenance is
rooted in the extent to which the organization’s culture and policy framework have
bought into environmental stewardship at a philosophical level. It is less likely that
exemplary stewardship will be found among DOT staff and contractors engaged in
construction and maintenance without such an organization-wide commitment.

e The linkage between what occurs on the front lines of work activity and the front office
of policy making needs to be appreciated and understood by all who are involved and
affected. Construction and maintenance staff and contractors are generally at home in an
outdoor environment—both in their professional and their personal lives, and are perhaps
more oriented toward environmental stewardship than we might think. However, they are
chronically under-represented in the policy-making and planning activities of most
agencies. It is particularly important that they have the benefit of understanding the
environmental stewardship concept in its fullest context if they are to be significant
contributors to its ultimate success.

¢ Construction and maintenance is where dirt moves, structures are put up, and pavements
are laid down. This is where the impacts really happen. Some DOTs have learned the
hard way that having the environmental stewardship concept securely embraced among
policy planners, senior managers and environmental staff does not guarantee that what
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happens in the field, on the jobsite, will be implementing the spirit or the letter of what
was intended by policy or by planning and environmental commitments. It requires
positive action facilitated by a durable linkage of communication and comprehension.

1.4. RESEARCH APPROACH

The research approach to this project was designed to accomplish the stated project goal of
developing a compendium that would collect a wide range of stewardship practices in use in one
convenient place. The study began with a review of literature available through the
Transportation Research Information Service (TRIS) including over a thousand references
related to construction, maintenance, and environmental aspects. This literature review was
accompanied by a review of model BMP handbooks. According to a survey by the author, as of
mid-2002, 19 state DOTs and Puerto Rico had developed BMP manuals of various sorts, ranging
from herbicide application to erosion control, and in a few cases, broader environmental
management practices. In most cases, states developed their policies and procedures
independently, without the benefit of prototypes and best practices from leaders in the field.
Model manuals, DOT procedures and practices were reviewed, were supplemented with
interviews where necessary, and are the primary sources for the compendium of environmental
stewardship practices included herein.

The author also drew upon her own experience as an environmental manager within a state DOT,
working with resource agencies and their requests, as well as experience working with federal
and state DOTs, resource agencies, and AASHTO as a consultant on environmental stewardship
practice and process improvement. Previously unpublished research results of environmental
practices at state DOTs, conducted in 2002, are also included. That effort reached all 50 state
transportation agencies, plus the District of Columbia and Puerto Rico. The examples shared in
this document include some previously discussed or written about by the author in other forums
for FHWA, state DOT and multi-agency initiatives, TRB, the National Association of
Environmental Professionals, AASHTO’s Environmental Technical Assistance Program, and
AASHTO’s Center for Environmental Excellence. Best practices are also included from other
relevant industries such as utilities, transit, and railroads; for example, the State University of
New York was a key contributor with regard to their work with Integrated Vegetation
Management for the utility industry. Stewardship practices from lead agencies in Canada and
Australia are included as well; many members of the international community have taken
environmental stewardship practice seriously for years, and can provide valuable leadership for
state DOTs in the U.S., particularly in fields such as EMS implementation, wildlife and fish
passage improvements, and salt management practices.

Environmental stewardship practices are described primarily by example in the section on
Organizational Practices, including environmental policies, planning, performance measurement,
tracking, staffing and training. Design, construction, and maintenance environmental
stewardship practices are presented mainly as bulleted lists under various topic headings.
Environmental stewardship practices are included under hundreds of categories. Given the size
and scope of this endeavor and to streamline the length and size of the compendium, links to
associated on-line resources are included whenever possible rather than including such
procedures, guidance, forms, design drawings, and photos in the document. The Word version of
this report contains thousands of these links, to facilitate DOT access to existing practice. A
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number of short examples and examples which cannot be easily located on the web are included
throughout the document and in the Appendix.

The review process for various sections of the document included lead DOT practitioners as well
as experts from university and research institutes, including the Recycled Materials Resource
Center at the University of New Hampshire, the USDOT Volpe Research Center, the Turner-
Fairbanks Highway Research Center, and the Center for Transportation and the Environment.

1.5. RESEARCH USES

This compendium of stewardship practices and procedures is designed to have a broad range of
uses by the practitioner. It is anticipated that this material can be re-used and easily re-formatted
into the following products that can be readily and practically applied by DOTs to improve
environmental performance. The primary purpose of the project was to put the world of
environmental stewardship practices and resources within much easier reach of the transportation
professional. To help accomplish this, links to useful existing resources are included throughout
the document. Practices and measures or indicators are primarily listed in bullet format, for easy
use as checklists or in different stewardship practice media. Material is presented electronically,
in Word, to facilitate re-use of the enclosed stewardship practices as:

¢ A menu of management or environmental stewardship practices.
e Short 1-2 page bulletins and tail-gate resources for construction and maintenance staff.

e Manuals, handbooks, or guides a DOT can tailor to their specific needs and requirements,
or on specific topics of interest or priority.

e Checklists for inspection, evaluation, or benchmarking in various areas.

e Addition of environmental stewardship practices to construction and maintenance activity
manuals.

e As proactive environmental stewardship commitments a DOT may incorporate or include
in activity or project-specific permits or plans. As such, these practices may serve as a
starting point for internal and external discussion.

e Newsletter articles or website overviews on environmental stewardship topics for a DOT.

e On-line resource at AASHTO’s Center for Environmental Excellence, that can be used as
a reference with regard to:

o Environmental Stewardship— How to do DOT work in environmentally sound
ways.

o Innovation — What’s being done in specific program areas and with reference to
certain environmental issue areas. What has been effective?

o Benchmarking — What are others doing and how do we compare?

o Sharing ideas and experience.

1.6. DISCLAIMER/LIMITATION OF LIABILITY

DOTs are in the process of developing and implementing a wide range of environmental
stewardship practices, which should never be viewed as complete. This effort is merely a
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compendium or wide-ranging overview or sample of practices that currently exist. The reader or
user should note that the practices contained in this report should not be considered complete,
sufficient, or all-inclusive. Gaps in environmental practice exist and the absence or omission of
practices in certain lists does not mean that there are not further practices that could or should be
employed.

DOTs are urged to develop and apply practices with consideration for what is appropriate in their
own state, on particular projects, and in particular environments, with special attention to legal
requirements and public and worker safety. The necessary permits and/or approvals for the
operation a DOT is undertaking should always be obtained. The practices herein should not be
construed to meet regulatory, safety, or other requirements; practitioners should consult with
environmental and other specialty personnel in their own state to decide which practices are
appropriate to use, what if any gaps remain, and how practices should be employed and
remaining needs addressed. As this effort was intended to help states proactively steward the
environment and not meet particular requirements in individual states, practices herein are
presented as recommended actions or “should” (not “shall”) statements. Compliance with all
legal and safety requirements and avoidance of any sort of negligence, and the responsibility for
identifying and implementing appropriate practice to achieve or maintain such performance,
remains the responsibility of DOT staff and associated regulatory agencies. DOTs, DOT staff,
and resource agency associates who may use this work are entirely responsible for how they
choose and apply environmental practices, whether included in this report or not, and for
ensuring that all appropriate environmental practices are applied and standards are enforced.

This document should be viewed as a starting point for DOTs, to increase exposure to and
utilization of a range of environmental stewardship practices in use or under consideration. It is
hoped that as a starting point, DOTs will find ways to use and continue to update and extend this
resource and fill the inevitable gaps, accelerating environmental stewardship and implementation
of environmental practice across the country. A separate implementation plan addresses these
aspirations.
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CHAPTER 2: ORGANIZATIONAL ENVIRONMENTAL
STEWARDSHIP PRACTICES

2.1. ENVIRONMENTAL POLICIES AND STRATEGIC PLANNING

An increasing number of DOTs are investigating and applying system-level management,
environmental performance improvement, and decision-making processes. These take many
forms, but most involve elements of strategic planning. Strategic planning is simply a set of
concepts, procedures, and tools designed to help leaders and planners think and act strategically;
the process is more important than the form that it takes.(2) Strategic planning usually involves
visioning and setting goals, identifying objectives/priorities and actions, tracking performance,
and re-evaluating. As of 2002, about a quarter of state transportation agencies had a strategic,
agency-wide plan or process in place for improving environmental quality and performance.(3)
Environmental management systems are an increasingly common form for this effort.

Environmental Policies and Mission Statements

Many state DOTs have begun to include environmental commitments in their organization’s
overall mission and policies. Recently revised DOT mission statements usually reference the
agency’s commitment to maintaining the state’s quality of life, and may explicitly mention the
environment. Environmental policy statements are typically more lengthy expressions of a
DOT’s environmental commitments. Both usually extend to the organization as a whole, and
include construction and maintenance.

Typical environmental policies state the agency’s recognition of the importance of
environmental stewardship and commit the DOT to environmental protection, achieving or
surpassing regulatory requirements, and/or contributing to environmental enhancement. Some
reference a shift in values and organizational structure. Environmental policy statements written
with an awareness of EMS requirements often include commitments to pollution prevention,
efficient use of resources, evaluation, and continual improvement. Others commit the DOT to
incorporating sound environmental practices into all parts of the agency’s work, communicating
expectations, and partnering or collaborating with other agencies and entities on achieving
environmental goals of mutual interest.

Environmental policy statements provide a basis and core reference point for the other elements
of state DOT environmental management systems and other environmental stewardship
initiatives. Highlights from state DOT environmental policies and commitment statements are
included below. Examples of environmental policies from these are listed in the Appendix.

Delaware DOT’s Environmental Mission and Commitment to Implement a “Livable Delaware”

Delaware DOT (DelDOT)’s mission to provide a safe, efficient and environmentally sensitive
transportation network. DelDOT is also involved in implementing a “Livable Delaware that
strengthens communities and preserves quality of life.” The Governor’s “Livable Delaware”
Executive Order seeks to actively manage where growth will physically occur and to
accommodate a faster projected population growth rate than any northeastern state. Goals which
DelDOT is responsible to help implement include: (4)
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¢ Direct investment and future development to existing communities, urban concentrations,
and growth areas.

e Protect important farmlands and protect and improve the state’s land, air, and water and
critical natural resource areas.

e Promote mobility for people and goods through a balanced system of transportation
options.

e (Coordinate public policy planning and decisions among state, counties and
municipalities.

Florida DOT’s Environmental Mission

Florida DOT also elevated the agency’s environmental commitment to inclusion in its one
sentence mission statement. FDOT’s mission commits the agency to “provide a safe
transportation system that ensures the mobility of people and goods, enhances economic
prosperity, and preserves the quality of our environment and communities.”(5) Florida DOT’s
environmental policy is a more expansive expression of the commitment expressed in the
agency’s mission statement.(6)

Maryland State Highway Administration’s Environmental Mission

The Maryland State Highway Administration’s (SHA) mission is to provide their customers with
a safe, well-maintained and attractive highway system that offers mobility and supports
Maryland’s communities, economy and environment. The agency’s primary goal is to maintain
excellence in the natural and human environment that it serves. The key elements of MDSHA’s
environmental policy are to: (7)

e Meet or exceed all environmental laws and regulations applicable to SHA activities.

e Incorporate and integrate environmental protection and enhancement measures in
planning, design, construction and operations.

e Protect and enhance all aspects of the natural and human environment whenever possible,
using available state-of-the-art practices.

e Support advancement in environmental protection technology through innovation and
technology transfer.

New Jersey DOT Environmental Policy Statements

New Jersey’s (NJDOT) environmental policy commits the Department and its employees to act
as “responsible stewards of the environment” and “find ways to improve New Jersey’s
environment and the quality of life of its citizens, within its funded responsibilities for planning,
design, construction, maintenance, and operation of our transportation network.”(8)

New York State DOT’s Environmental Mission

New York State DOT (NYSDOT) has incorporated the agency’s environmental commitments
into their agency’s mission “to ensure our customers — those who live, work and travel in New
York State — have a safe, efficient, balanced and environmentally sound transportation system.”
As part of this mission and as New York State’s largest public works agency, NYSDOT has
publicly expressed their obligation and responsibility to the people of New York to enhance,
improve and protect the environment in accordance with state policies and objectives. Notably,

34



the state DOT initiated a proactive approach and environmental initiative to advance state
environmental policies and objectives, promote an environmental ethic throughout the
Department, and strengthen relationships with environmental agencies and groups. “As an
action-oriented agency, DOT can most effectively attain these goals by doing dedicated
environmental work in support of its corporate environmental ethic. This, in turn, will advance a
shift in attitudes. This will provide real environmental protection, assure staff that the agency has
a strong environmental ethic and provide opportunities to engage the environmental community
in positive joint undertakings that will demonstrate the Department’s commitment.”(9)

NYSDOT’s environmental policy is available online. It commits the agency to become an
“acknowledged leader” and gives notice that “Departmental operations, facilities and properties
will be audited to ensure that the Department is conducting its business in keeping with our
environmental stewardship values.”(/0) NYSDOT’s initiative, procedures, and actions will be
described in greater detail elsewhere in this report.(/7)

Kentucky Transportation Cabinet’s Environmental Policy

The Kentucky Transportation Cabinet’s environmental policy expresses the agency’s
commitment “to protect, conserve, restore, and enhance the natural and human environment” in
the context of the Cabinet’s work, work in partnership with the public and other agencies.(/2)

Maine DOT Environmental Policy Statement

The concept of environmental soundness is part of the Maine Department of Transportation
(MDQT)’s core vision or mission statement. MDOT was also one of the first to develop and
sign an environmental policy statement, which now serves as a basis for the agency’s EMS.(13)
Maine DOT’s Environmental Policy is included in the Appendix.

Mn/DOT’s Commitment to “Context Sensitive” Approaches

It is Mn/DOT’s policy to use a “Context Sensitive” approach to create excellence in
transportation project development - an approach that incorporates design standards, safety
measures, environmental stewardship, aesthetics and community sensitive planning and design.
Mn/DOT Technical Memorandum No. 00-24-TS-03 outlines the department’s commitment to
CSD. The agency is incorporating context sensitive solutions into all aspects of transportation
project development—planning, design, construction, and operation—through new policies,
extensive research, and training programs.

North Carolina DOT and Environmental Stewardship Policy

The North Carolina Board of Transportation adopted the NCDOT Environmental Stewardship
Policy in 2002. The policy expresses the agency’s commitment to “planning, designing,
constructing, maintaining, and managing an interconnected transportation system while striving
to preserve and enhance our natural and cultural resources.” It stresses the importance of
balancing daily operations and environmental responsibility and strongly encourages employees
to incorporate the principles of safety, environmental stewardship, and customer focus into their
daily activities.

PennDOT’s Green Plan Policy

PennDOT’s agency-wide “Green Plan Policy* extends beyond compliance to pollution
prevention, continual improvement, and measurable performance. PennDOT’s Strategic
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Environmental Management Program (SEMP) efforts began with two key commitments by State
and Department senior executives. At the state level, Executive Order 1998-1, the Governor’s
Green Government Council, called on the agencies of the Commonwealth to incorporate
“...environmentally sustainable practices, including Strategic Environmental Management, into
Commonwealth government’s planning, operations, policymaking and regulatory functions, and
to strive for continuous improvement in environmental performance with the goal of zero
emissions. Strategic Environmental Management includes and environmental management
system with a strong pollution prevention and energy efficiency program, effective community
involvement, measurable economic and environmental performance goals, environmental
accounting, and life cycle analysis.”(/4)

Washington State DOT’s Environmental Policy

Washington State DOT highlights the agency’s environmental commitment and lays the
groundwork for an Environmental Management System (EMS), by including those elements
required by the International Organization for Standardization (See further discussion in section
on EMS). WSDOT’s environmental policy statement is readily accessible off the agency’s main
page on their agency’s website.

New South Wales (NSW) Roads & Traffic Authority (RTA) Environmental Policy

The New South Wales, Australia, Roads and Traffic Authority developed an environmental
policy which serves as a basis for the Authority’s EMS. (/5) A copy is included in the
Appendix. Directors of all functional areas within the RTA are signatories of the environmental
policy, which was most recently signed and posted in 2001.

Standards and Performance Measures for Environmental Policy Statements

Environmental policy statements are a required part of an internationally acceptable
environmental management system. Section 4.2 of ISO 14001 enunciates a standard set of best
practices for environmental policy statements, which says an organization’s environmental
policy should contain a minimum of three environmental commitments:

e Continual improvement of system
e Compliance with legal or other voluntary, non-legal requirements
e Pollution prevention
Other criteria to consider in setting or evaluating the environmental policy may include:
e Does it address the environmental impacts and opportunities of the business?

e Does it set the course for the agency’s environmental program, providing a framework
for setting and reviewing environmental objectives or targets?

e Is it documented, implemented, maintained, and communicated to all employees? How
is it used to build employee awareness across the entire agency? Is the environmental
policy consistently followed? Is implementation periodically reviewed and revised?

e Is the policy available and accessible to the general public?

¢ Did management approve the current version when it was issued? Does management
take ownership for whether and to what extent implementation is occurring?
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¢ Did evidence show that significant impacts were considered when setting environmental
objectives?
A recent evaluation of qualitative methods in policy analysis suggested evaluation of the
following aspects as well: (16)

e Were the needs, values, views and subjective experiences of different stakeholders
identified in the policy making process?

e Why, how, and under what conditions (and in which contexts) have the policies worked,
or fail to work? What needed to occur in what order for a policy interventions to be
successfully implemented?

e What measures or surveys could be employed to determine outcomes?

Staying Abreast of Legal and Other Requirements

One aspect of ensuring environmental stewardship involves maintaining an organizational
awareness of legal and other requirements. As regulations are subject to change over time, and
as new regulations are promulgated by regulatory agencies, periodic reviews of regulations
should occur to stay current on compliance requirements. Likewise, facility operations can
change over time, and must also be periodically reviewed to ensure that operations subject to
regulation are conducted in compliance with such regulations. DOTs identify and maintain
awareness of requirements in this constantly evolving context of regulations, industry standards
or best practice, and community expectations. Legal requirements comprise the base minimum
of the latter. Hence, some DOTs have developed specific processes for keeping construction and
maintenance staff abreast of these changes.

In many cases, a DOT’s central environmental office includes specialists who each keep abreast
of regulatory changes (and often best practices in the field) in each of their specialty areas.
Historically, AASHTO’s Environmental Technical Assistance Program has assisted state DOT
specialists in this area through the provision of regular newsletters devoted to keeping specialists
informed of changes in their field. Now, a variety of on-line resources are increasingly available.

On a formal or informal basis, DOT specialists and/or DOT environmental managers usually
ensure that regulatory changes are communicated upward or across their organizations to
Regions or Districts, for further dissemination among maintenance, construction and
environmental staff. Annual, quarterly, and/or monthly meetings provide other avenues for
dissemination of important changes in regulatory requirements and environmental expectations.
Frequently, annual trainings and refresher courses provide updates. (See training section for
further details).

On-line Legal and Regulatory Resources

AASHTO’s Center for Environmental Excellence presents a brief overview of environmental
regulations in a variety of DOT functional areas and environmental media, along with recent
regulatory developments at http://environment.transportation.org/indexnew.asp.

In 2003, EPA funded a new web-based Construction Industry Compliance Assistance Center
(CICA center) developed in partnership with the Associated General Contractors of America, the
American Road and Transportation Builders Association, and others. The website,
http://www.cicacenter.org , provides plain-language explanations of applicable regulations, as
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well as links to state and local regulatory agencies. A 1999 EPA study found that out of
approximately 60,000 construction starts that were subject to the stormwater control regulations,
roughly two thirds lacked the necessary permits. While DOT environmental staff ensure their
agencies have a much higher rate of compliance, the site’s tools may still be useful to DOTs and
contractors in particular. The environmental compliance tool at the site
http://www.cicacenter.org/cs.cfm is designed to alert the user to environmental responsibilities
and contracts specific to one’s project and location. DOTs have developed similar tools as part of
the project development and project screening process. Perhaps the most notable DOT tool
nationwide for screening projects and identifying environmental issues, not just pertinent
regulations, is the Florida DOT’s Efficient Transportation Decision-making System. A process
overview, guidelines, and tools are available at Florida DOT’s Environmental Streamlining

Library.

Mass Highway’s Process for Staying Current on Environmental Requirements

Mass Highway’s EMS manual discusses the environmental laws and regulations that apply to
operations at maintenance facilities, and the procedures for identifying proposed and new
regulatory changes that affect these operations. Mass Highway routinely reviews federal and
state regulatory information sources to stay current on compliance requirements. The agency
maintains an Environmental Requirements List, which identifies federal and state environmental
regulations applicable to Mass Highway Maintenance Facilities and covers a wide variety of
environmental compliance areas including Air Quality, Hazardous Materials and Hazardous
Waste, Tanks, Waste Site Clean-up (21E) and Solid Waste Landfill Closure, Water Pollution
Control/Underground Injection Control/Drinking Water Supply (Water Quality), Wetlands, and
Asbestos. Mass Highway’s procedure and roles and responsibilities for managing the
Environmental Requirements Component of the EMS are described below, and may be used as a
model for other state DOTs.(/7)

Example 1: Mass Highway Process for Managing Environmental Requirements

Procedure

During the course of the year, the Environmental staff, as summarized in the following table, is responsible for monitoring
proposed regulations and policies applicable to current Mass Highway operations. Regulatory monitoring may include but not be
limited to periodic review of DEP, EPA and Federal Register websites for information on new or upcoming regulations. Also
reviewed are the existing Codes of Massachusetts and Federal Regulations (CMRs and CFRs). Changes in facility operations
will be identified through periodic inspections performed by DHC'’s and through regular communication between Highway
Operations, District, and Environmental Section staff.

Environmental staff regularly report information to the Supervisor of the HazMat/HazWaste Unit, and/or the Supervisor of the
Wetlands Unit regarding the status of changed or new regulations, or regarding identified changes in facility operations subject to
regulation. The Supervisor of the HazMat/HazWaste Unit and the Supervisor of the Wetlands Unit in turn report regularly to the
Deputy Chief Engineer Environmental regarding the regulation status and the potential effect on maintenance facility operations.
The Supervisor HazMat/Haz\Waste Unit convenes periodic meetings with the DEP Regional and Policy staff to review pending
regulatory changes that may affect Facility operations.

The Supervisor HazMat/HazWaste Unit determines whether revisions are needed to the Environmental Requirements List, and if
S0, requests approval from the Deputy Chief Engineer Environmental to revise the list and propose necessary changes to
maintain compliance. The need for any additional equipment and resources is coordinated within the Department, as applicable.
Upon receipt of the Deputy Chief Engineer Environmental directive, the Supervisor HazMat/HazWaste Unit prepares the
necessary revisions, posts the revised Environmental Requirements List on the Mass Highway intranet, and informs the
Environmental Section staff of the changes to the list and their respective implications on other EMS components.
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Each year, the Supervisor HazMat/HazWaste Unit or other Designee coordinates a meeting to review the current Environmental
Requirements List and Requirements Program procedures. The meeting will be convened with the Environmental Section
Supervisors and Highway Operation’s staff and Safety and Security staff between November and January to coincide with the
Facility Environmental Handbook, Maps and Standard Operating Procedure review process. The criteria for the review include
opportunities to improve effectiveness and efficiency. The Supervisor HazMat/HazWaste Unit collects the comments and reports
recommended revisions to the Deputy Chief Engineer Environmental.

Roles and Responsibilities

The following table presents a summary of the roles and responsibilities for review and development of the Environmental

Requirements List.

Role
Deputy Chief Engineer
Environmental

Supervisor of
HazMat/HazWaste Unit

Supervisor of Wetlands and
Water Quality

District HazMat
Coordinators and Boston
Environmental Section Staff

Highway Operations
Engineer, Maintenance
Engineer and District
Maintenance Engineers

Responsibility
Assumes ultimate responsibility for managing the requirements component of the EMS

Responsible for tracking and review of existing and proposed regulations and policies. Provides
regular updates to the Deputy Chief Engineer Environmental on status of pending new
regulations or changes to existing regulations or changes to facility operations subject to
regulation. Ensures that the updated requirements list is incorporated into the facility self-audit
protocol. Maintains current Environmental Requirements List and Requirements Procedure
document. Convenes/coordinates annual meeting to review Requirements List and
Requirements Procedure. Meets with DEP regional office and policy staff to discuss pending
regulations that may affect Mass Highway maintenance facility operations.

Responsible for tracking and review of existing and proposed regulations and policies related to

wetlands, waterways, and natural resource protection programs. Provides regular updates to the
Supervisor HazMat/HazWaste Unit on status of pending new regulations or changes to existing

regulations.

Responsible for review of regulations and policies as directed by the Supervisor of the
HazMat/HazWaste Unit. Responsible for reviewing changes in facility operations and receiving
input from District Maintenance Engineers concerning facility operational changes that could be
subject to environmental regulation/policy. Provides regular updates to the Supervisor of
HazMat/HazWaste Unit on status of pending new regulations or changes to existing regulations,
or changes to facility operations subject to regulation.

Responsible for notifying Environmental Section staff concerning actual or anticipated changes in
facility operations that should be reviewed for compliance with regulations/policies.

A number of other DOTs post and maintain information on environmental laws and regulations
on-line, convey information at monthly meetings, or publish internal newsletters to keep those in
the field abreast of regulatory changes and expectations. Caltrans has some excellent examples.
In addition to the agency’s notable stormwater pollution prevention bulletins for construction,
post-construction, and maintenance, the agency offers a weekly one page newsletter on water
quality issues and regulatory changes that can be accessed from Caltrans’ on-line stormwater

publications page.

Standards and Performance Measures for Organizational Awareness of Legal and Other

Requirements

The importance of maintaining organizational awareness of legal and other requirements is
recognized by international standards and is included in ISO 14001 section 4.3.2, which states
that an “organization shall establish and maintain a procedure to identify and have access to legal
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and other requirements to which the organization subscribes, that are applicable to the
environmental aspects of its activities, products or services.

Most commonly, DOTs track who in the organization has received various sorts of training,
including environmental regulatory awareness training. Some DOTs are tracking the training of
contractors now as well, as a mechanism for ensuring higher quality products and services.

In evaluating the organization’s process for maintaining organizational awareness of legal and
other requirements look for:

e Established ways or procedures to identify and understand legal requirements as well as
changes to those requirements.

e Established ways or procedures to stay abreast of other requirements, commitments, or
even industry best practice, if that is an organizational priority.

e Demonstrated access to and knowledge of changes in those requirements by the work
force.

Identifying Environmental Aspects or Impacts of Operations

In order to identify areas of focus for environmental improvement efforts in construction and
maintenance, some DOTs have undertaken planning processes to identify environmental aspects
of their business, and which of those aspects have significant impacts on the environment and
should be prioritized for future action. Environmental impacts of construction and maintenance
activities may include surface or ground water contamination, degradation of air quality, noise or
light pollution, use of raw materials and depletion of natural resources, production of wastes,
spills to the environment, habitat or species reduction or extinction, human health impacts, and
consumption of energy. Usually such impacts are under the control of the DOT or can be
influenced by the DOT, in which case the next step is for the agency to explore: are the impacts
significant? If so, the organization can plan to address and reduce those impacts if so desired.

In considering aspects of an agency’s work and the potential significance of environmental
impacts, the lifecycle of products may be considered, as well as historic, current and planned
activities, and normal and emergency operating conditions. Environmental impacts may also be
actually occurring or have the potential to occur. In evaluating the significance of impacts, an
organization may consider severity (scale and duration), occurrence frequency or likelihood,
detection and degree of control over that, potential costs, regulatory or legal exposure, impact on
customers, effect on public image, effect on ability to expand or change operations, and loss of
productivity. Some agencies have gone so far as to characterize and quantify their inputs and
outputs in raw materials, air, land, water, visual, and noise, but decision-making regarding
environmentally significant aspects and impacts of the business does not require this level of
detail. The scope of investigation is up to the agency, though as in NEPA, the agency should be
able to show consideration of existing data and stakeholder concerns.

At the broadest level, environmental aspect identification can touch on more remote areas that
some stakeholders believe DOTs can influence, such as land use or land consumption, a measure
used by Canada in assessing transportation sustainability (see discussion on sustainability
indicators in section on monitoring and measurement). However, organizations control the scope
of their aspect and environmental impact identification and the subsequent planning process.
Washington State DOT, Maine DOT, New Hampshire DOT, and PennDOT have all undertaken
processes to identify environmental aspects and impacts of their operations, to varying degrees.
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Washington State DOT’s Activity/Impact Analysis

WSDOT conducted an analysis to compare the department’s present environmental management
practices with those of the ISO 14001 standard and to identify gaps. WSDOT also conducted an
Activity/Impact (i.e., “Aspects”) Analysis, which included a series of workshops with WSDOT
personnel. The report and database produced out of the workshops rank activities and impacts
by various criteria (e.g., frequency of activity, whether positive or negative impact etc.) to aid
WSDOT in further decision-making and prioritization with regard to environmental objectives.
WSDOT noted that while sophisticated tools are available for aspects and impacts analyses, the
final decisions still came down to two questions: what poses an immediate compliance risk and
what poses the most significant long term environmental risk? (/8)

NHDOT’s Process for Identifying Significant Environmental Aspects of Operations—
Traffic Bureau

New Hampshire DOT’s Bureau of Traffic developed simple criteria to identify significant
environmental aspects of operating the Department’s Bureau of Traffic. The Bureau’s procedure
for identifying “aspects of activities, products, or services that constitute a significant impact
upon the environment,” requires consideration of: (/9)

e Any activity of the Bureau that is expressly regulated by Federal or State laws, rules, or
regulations.

e The use of an unregulated product that exceeds 100 gallons per year, or exceeds $10,000
in annual cost.

e Any operation that discharges to surface water any material in excess of 25 gallons,
which is not immediately contained and removed within 24 hours, and that has an
adverse impact on surface or groundwater.

e Any stream of solid waste that exceeds 2000 pounds a year.

The procedure further commits NHDOT, through the agency’s EMS Implementation Team to
regularly review and update environmental aspects:

e At least annually, review and update process flow diagrams illustrating each operation of
the Bureau that generates a significant impact on the environment as defined in above.

e Review applicable legal and other requirements, as they apply to identifying significant
aspects.

e Analyze all aspects of the Bureau’s operations using the process flow diagrams, and other
tools devised by management, such as the Significance Matrix, to assist them in
identifying potential environmental aspects and impacts.

e After reaching a consensus as to the environmental aspects and impacts of their
operations, and applying the significance aspect criteria, identify significant aspects of
their operations.

e Develop a list of significant aspects. The list shall be reviewed at least annually to ensure
that they are current and accurately reflect their operations.
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PennDOT’s Analysis of Environmental Aspects of Operations

PennDOT’s analysis of environmental aspects of operations showed that Maintenance had the
second highest potential environmental impacts after Construction. Maintenance comprises a
substantial majority of PennDOT employees and the agency’s operating budget. Consequently,
PennDOT first tackled environmentally significant aspects of their operations in the maintenance
area.

Three significant aspects scored highest in an analysis of concerns and impacts, which reviewed
surface or ground water degradation, earth disturbance (erosion and sedimentation), floodplain
alteration, resource consumption other than paper, waste generation and disposal, and air quality
degradation (emissions of volatile and semi-volatile compounds). These three aspects provided
the focus and starting point for PennDOT’s pilot Environmental Management System:

e Winter services — controlling material usage associated with winter services.
e Stockpile and garage management — maintaining and operating these facilities.

e Highway maintenance — controlling and preventing erosion and sedimentation during
roadside maintenance activities.

NSW RTA Environmental Assessment of Construction, Operation, and Maintenance
Activities

The New South Wales, Australia, Roads and Traffic Authority (RTA) undertakes environmental
impact assessments for its construction, operation, and maintenance activities, in addition to
project development. The RTA has committed to addressing environmental aspects in all of its
activities and to continuously improving the authority’s environmental performance. A primary
vehicle for accomplishing this commitment is the RTA-wide environmental management system
(EMS), which “provides a structured management system to achieve and demonstrate our
environmental performance.”(20) A Review of Environmental Factors is an internal RTA
document prepared to identify and consider environmental impacts, and from which
environmental measures may be required.

Standard maintenance activities are assessed on a regular basis, usually annually.(27) Other
maintenance activities are assessed in a similar way to construction activities.(22) For
maintenance by contract, requirements for environmental impact assessment are to be
incorporated in contract requirements and reviewed by the RTA.(23) The following tables
summarize construction and maintenance activities and associated environmental aspects and
impacts at the NSW RTA.

Table 1: Maintenance Activities and Associated Environmental Aspects and Impacts at the New South Wales, Australia
Roads and Traffic Authority (NSW RTA)

ACTIVITY/FACILITY ENVIRONMENTAL ASPECT ENVIRONMENTAL IMPACT
(and related issues) (part of activity that could have an (possible effect on the
impact on the environment) environment)
Resealing (sealed road) Possible sedimentation and erosion Soil/ water pollution
- stockpile management Waste generation Waste disposal
- chemical containment Noise generation Noise pollution
Dust generation Air pollution
Potential for explosions
Odour generation
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ACTIVITY/FACILITY
(and related issues)

ENVIRONMENTAL ASPECT
(part of activity that could have an
impact on the environment)

ENVIRONMENTAL IMPACT
(possible effect on the
environment)

Potential for leaks and spills

Concrete saw cutting

Dust generation
Noise generation
Waste generation

Air pollution
Noise pollution
Waste disposal

Wastewater generation Water pollution
Grading (unsealed road) Waste generation Waste disposal
- vegetation protection Dust generation Air pollution
- drainage Possible sedimentation Water pollution

Resheeting (sealed road)

Disturbance to vegetation
Soil disturbance
Generation of debris
Generation of dust
Generation of solid waste

Destruction of vegetation
Spread of weeds

Waste disposal

Air pollution

Drain maintenance
- clean table drains
- clean benches on a cut

Vegetation disturbance
Possible erosion/sedimentation

Destruction of vegetation
Water pollution

Roadside maintenance,
painting/replacement:

Vegetation disturbance
Waste generation

Destruction of vegetation
Waste disposal

- guide rails Potential for paint leaks and spills Water/soil contamination

- Signposts Disturbance of natural environment Aesthetics

- fencing

- noise walls

Pavement sweeping Waste generation Waste disposal
Generation of dust Air pollution

lllegal dumping Dumping of waste Soil contamination

- waste storage and disposal
- licences

Water pollution

Landscape works maintenance
- herbicide use
- chemical storage

Damage to flora
Potential spread of weed
Potential batter erosion
Potential leaks or spills
Waste generation

Destruction of vegetation
Aesthetics (weed die off)
Noxious weed spread
Water pollution
Soil/water contamination
Waste disposal

Vegetation management
- waste management

- herbicide spraying

- tree cutting

Damage to flora

Use of herbicides/pesticides
Potential spread of weed
“green” waste generation

Destruction of vegetation
Aesthetics (weed die off)
Noxious weed spread
Waste disposal
Soil/water/air pollution

Roadside rest area maintenance

Litter removal and collection
Syringe collection

Waste disposal
Medical waste disposal

Bridge maintenance

Generation of hazardous/non-hazardous

Waste disposal

- flaming off bolts/decking waste Air pollution

- resurfacing with tar/aggregate Air emissions Water/soil contamination
- fuel storage Potential for spills/leaks

- plant/vehicle parking

- oxyacetylene storage/use

Paint removal Waste generation (paint flake) Waste disposal
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ACTIVITY/FACILITY
(and related issues)

ENVIRONMENTAL ASPECT
(part of activity that could have an
impact on the environment)

ENVIRONMENTAL IMPACT
(possible effect on the
environment)

Wastewater generation
Waste ends up in natural environment
Dust generation

Water/soil contamination
Air pollution

Wood treatment (creosoting)
- use of chemicals
- chemical storage

Potential for leaks and spills

Chemicals in natural environment
Soil/water contamination

Line mark removal (grinding)

Sedimentation

Water pollution

Noise generation Air pollution
Dust generation Noise pollution

Loop Cutting (asphalt road) Dust generation Air pollution
Wastewater discharge (sediments & oil, Soil/water contamination
fuel) Noise pollution

Noise generation
Waste generation

Waste disposal

Septic tank Potential leakage Soil/water contamination
- maintenance Generation of septic tank waste Waste disposal
Road milling Dust generation Air pollution

Waste generation
Sedimentation

Odour generation
Noise generation

Waste disposal
Water pollution
Noise pollution

Cleaning plant & equipment

Soil compaction

Noise production

Discharge of exhaust gasses
Generation of wastewater from washing
Potential for spreading weeds through
machinery

Potential for spills (fuels, oils etc)

Damage to trees and plants
Local noise pollution

Air pollution

Soil/water contamination
Weed spread

Table 2: Construction Activities and Associated Environmental Aspects and Impacts at the NSW RTA

ACTIVITY/FACILITY
(and related issues)

ENVIRONMENTAL ASPECT

(part of activity that could have an impact

on the environment)

ENVIRONMENTAL IMPACT
(possible effect on the
environment)

Clearing vegetation

- protection of specific native vegetation
- revegetation

- stockpiling topsoil

- relocation of trees

Damage to vegetation

Dust generation

Generation of noise

Potential for sedimentation and erosion
“green” waste generation

Potential killing of fauna

Destruction of vegetation
Noxious weed spread
Air pollution

Local noise pollution
Water pollution

Waste disposal

Impact on fauna

Site compound and facilities

- location of compound

- reinstate area (landscaping)

- storage of fuel, oil and chemicals

Clearing vegetation
Potential for spillage and leaks
Waste generation

See above
Soil/water contamination
Waste disposal

General equipment storage and use
- washing machines

Soil compaction
Noise production

Damage to trees and plants
Local noise pollution
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ACTIVITY/FACILITY
(and related issues)

ENVIRONMENTAL ASPECT
(part of activity that could have an impact
on the environment)

ENVIRONMENTAL IMPACT
(possible effect on the
environment)

Discharge of exhaust gasses
Generation of wastewater from washing
Potential for spreading weeds through
machinery

Air pollution
Soillwater contamination
Weed spread

Topsoil management and stockpiles

- respreading of topsoil

- sediment and erosion control

- location of stockpiles

- revegetation of temporarily stockpiles

Stockpiling of weed infested topsoil
Possible generation of contaminated soil
Generation of waste soil

Potential for spreading of material on windy
days

Potential sedimentation, leaching and run-off of

material

Noxious weed spread
Soil disposal

Waste disposal

Air pollution
Soil/water pollution

Drainage and sediment control works

Potential for erosion

Water pollution

- legal requirements Generation of waste silt Disposal of silt

- sedimentation basin maintenance Use of straw bales Weed spread

- Silt fence maintenance

- sediment tracking

Earthworks Dust generation Air pollution

- waste management Generation of noise and vibration Local noise pollution
- erosion and sediment control Possible generation of contaminated soil Soil disposal

- aboriginal archaeology

Generation of waste

Possible sedimentation and erosion
Possible destruction of indigenous and non-
indigenous artefacts

Waste disposal
Water pollution
Impact on heritage relics

Batter stabilisation
- revegetation
- erosion control

Noise generation

Dust generation

Potential for erosion and sedimentation
Potential for spills

Use of unnatural material

Local noise pollution

Air pollution

Water pollution
Soil/water contamination
Visual impact

Bridgeworks

Potential watercourse bank erosion
Potential for construction runoff and
sedimentation

Potential change of stream flow

Water pollution
Water pollution
To water fauna and flora

Paving Operations

Generation of noise and vibration
Dust generation

Local noise pollution
Air pollution

Waste Management

Potential for leaks and spills

Soil/water contamination

- recycling Generation of waste Waste to landfill
- reuse Reuse or recycling Conservation of resources
- good housekeeping
Rock Blasting Generation of noise and vibration Noise pollution

Dust generation Air pollution
Woodchipping Generation of noise Local noise pollution

Dust generation Air pollution

Stockpile management

Standards and Performance Measures for Identifying Environmental Aspects and Impacts

The international standard for this process, ISO 14001 section 4.2.1, states that “[t]he
organization shall establish and maintain procedure(s) to identify the environmental aspects of its
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activities, products or services that it can control and over which it can be expected to have an
influence, in order to determine those which have or can have significant impacts on the
environment.” Furthermore, the organization is expected to use that information in setting its
environmental objectives and make sure that information on the organization’s evolving
activities and potential environmental impacts is kept up to date. Thus, an EMS auditor or an
organization’s environmental planning process would look for:

e Procedure for identifying aspects and periodically reviewing them.
e Evidence that aspects under normal, abnormal and emergency conditions were identified.
e Cause and effect relationships between processes, aspects and impacts.

e Consistent method of determining and assigning significance to impacts.

Organization Wide Strategic Planning for the Environment

DOTs have undertaken a variety of plans to improve environmental performance and prioritize
where to focus their attention and resources. About a quarter of state transportation agencies
have an agency-wide plan or process in place for improving environmental quality and
performance, though only a handful of states have launched ISO14001 process or other processes
for continual environmental performance improvement.(24)

Strategic planning determines where an organization is going over the next year or more, how it
is going to get there and how it will know if it got there or not. Far more important than the
strategic plan document, is the planning process itself. An organization’s strategic planners
already know much of what will go into a strategic plan or business plan; however, development
of the strategic plan greatly helps to clarify the organization’s plans and ensures that key leaders
are all “on the same script.”

In 1982, Olsen and Eadie defined strategic planning as a disciplined effort to produce
fundamental decisions and actions that shape and guide what an organization is, what it does,
and why it does it.(25) Like the NEPA process, strategic planning requires information
gathering, an exploration of alternatives, and an emphasis on the future implications of current
actions. The process has the potential to facilitate communication and participation,
accommodate divergent interests and values, and foster orderly decision-making and successful
implementation.(26)

Strategic planning can help an organization: (27)(28)(29)
e Think strategically and develop effective strategies.

e More systematically collect information about an organization’s internal and external
environment and various stakeholder interests.

e Improve organizational learning.
e C(Clarify future direction and purpose.

e Establish organizational priorities for action and goals and objectives consistent with
mission, and define a timeframe within the organization’s capacity for implementation.

e Formulate and clearly communicate strategic intention.

e Improve decision-making and the basis for it, with attention to the crucial decisions an
organization faces.
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e Provide a base from which progress can be measured and establish a mechanism for
informed change when needed.

¢ Enhance performance and improve responsiveness in rapidly changing circumstances.
e Exercise maximum discretion in the areas under organizational control.

A reasonably structured and formalized planning process helps organizations gather the
information necessary for strategy formulation and implementation. Like all organizational
initiatives, strategic planning requires skills, resources, and commitment. Though both strategic
planning and organizational long-range planning are focused on improving organizational
performance, strategic planning differs from long-range planning in its focus on identifying and
resolving issues.

Some state transportation agencies have sought to elevate attention to environmental concerns by
incorporating environmental elements into the agency’s overall Strategic Plan. State DOTs that
have indicated they have a form of environmental strategic plan other than an EMS include
Arizona, Indiana, Kentucky, Louisiana, Maryland, North Carolina, New Mexico, New York,
South Carolina, Utah, and Virginia.(30)

New York State DOT’s Environmental Initiative

NYSDOT’s Environmental Initiative began in 1998 with the creation of the Environmental
Initiative Statement and announcement of the initiative by the Governor. As New York State’s
largest public works agency, “NYSDOT affirmed its obligation and responsibility to the people
of New York to protect, improve and enhance the environment;” the purpose of the initiative is
to “use the organizational strengths of the Department to make an affirmative contribution to the
environment” and “become an important part of the State’s environmental solution...join(ing)
with environmental agencies in a common purpose to advance State environmental
programs.”(31)

NYSDOT’s Environmental Initiative has five major objectives: (32)

1. Promote and strengthen an environmental ethic throughout the Department. Staff should
feel a responsibility to leave our project sites in better condition than we found them and
look for opportunities to enhance New York’s environment.

2. Advance State environmental policies and objectives with NYSDOT resources. Advance
environmental policies as part of the Department’s normal work. Fund environmental
benefit projects including: stormwater retrofits, wetland restorations, habitat
enhancements, recreational access, informational signs, landscaping and environmental
research.

3. Partner with others to construct environmental enhancements. Pursue opportunities for
joint development and incorporate environmental elements or facilities funded by other
agencies, municipalities, or environmental groups into NYSDOT construction and
maintenance projects. NYSDOT provides design and construction engineering support.

4. Pilot new environmental protection and enhancement methods. Cooperatively research
and pilot new methods to: reduce environmental toxins, improve air quality, increase the
use of recycled materials, etc.

5. Strengthen relationships with environmental agencies, organizations, and local
municipalities. Improve communications, streamline permitting, share program
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information and conduct joint training. Gain their confidence in NYSDOT’s ability to
self regulate.

The initiative has created new areas of practice and expectation for NYSDOT, including the
following: (33)

e Coordinate and communicate closely with State and federal resource agencies to identify
opportunities to advance State and federal environmental policies, programs and
objectives.

e Ensure that all necessary steps are taken in planning, design and construction to avoid
and minimize adverse effects of transportation projects and operations on important
elements of the environment and adjacent communities.

e Proactively plan, design, construct and maintain transportation projects in an
environmentally sound manner using context sensitive design to meet transportation
needs while at the same time protecting, conserving, restoring or enhancing important
natural and man-made resources. Context sensitive design is the proactive approach to
design that looks at the project within the context of its site, while gathering and
including the public’s input throughout the design process.

e Incorporate into DOT capital and maintenance projects specific design features or
facilities to mitigate unavoidable adverse impacts to the environment.

e Consider and implement, as appropriate, measures to enhance natural and manmade
resources above and beyond project-specific permit and mitigation requirements.

e Incorporate, where practicable, environmental projects funded by local agencies or
groups into ongoing NYSDOT projects as “Environmental Betterments.”

e Promote an environmental and context sensitive design ethic within all Department
organizations.

To accomplish the above, NYSDOT has instituted a comprehensive process improvement
program in planning, design, construction, maintenance and operation of transportation facilities,
developing environmental quality assurance/control procedures and tracking performance. All
Region and Main Office program areas are responsible for identifying and implementing specific
actions in their areas of responsibility to incorporate the Environmental Initiative into their
operating and business practices. Regions and Main Office program areas have developed
Environmental Initiative Action Plans based on the goals and objectives of the Initiative and
recommendations from NYSDOT’s Environmental Analysis Bureau (EAB); each identifies and
defines discreet tasks, schedules for accomplishing these tasks, and responsibility for each task to
ensure completion. Progress on these plans is tracked monthly.

NYSDOT Regional Directors also meet regularly with their counterpart New York State
Department of Environmental Conservation (NYSDEC) Regional Directors to discuss progress
under the Environmental Initiative, review NYSDOT’s five-year capital construction and annual
maintenance program, and identify opportunities to improve resource protection and
enhancement practices. NYSDOT Regional Landscape/Environmental Managers meet monthly,
or as mutually agreed upon, with their NYSDEC counterparts to discuss progress, to identify
specific opportunities to include resource protection and enhancement practices in NYSDOT
projects, and to update lists of contact people.

The Environmental Initiative has also been identified as a component of the Department’s annual
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Capital Program Update process. Regional Planning and Program Managers are required to
include Environmental Initiative projects on their updated capital transportation program.
Regions are requested to identify those projects that have environmental or context sensitive
design work which goes above and beyond regular mitigation or permit requirements. Any
external coordination that has occurred with outside agencies or interested groups is also
identified. The agency is working with other agencies and the public to discuss and extend
NYSDOT’s stewardship efforts.

NYSDOT has found it is important to communicate results to the public, government officials,
and regulatory agencies and to recognize employee achievements. This helps build employee
“buy-in” and input and provides a foundation for enhanced relationships (and shortened review
schedules and costs) with external parties. As a result of the agency’s commitment and effort,
NYSDOT has gained stronger, more positive working relationships with external agencies,
citizens, local municipalities and other environmental groups, which in turn have avoided costs
by reducing delay, litigation, frustrating rework, and wasted effort arguing contentious issues.
Gary McVoy, Former Director of the Environmental Analysis Bureau, now Director of
Transportation Maintenance Division said, “The environmental ethic has permeated into the
planning, design, construction, maintenance and operations of transportation systems. The
Department is now doing business differently instead of progressing a new concept. The
Environmental Ethic is more than a vocabulary change or a volunteer effort — it’s an integral
part of DOT procedures.”(34) Cultural change within the Department is revealed by NYSDOT’s
level of management support and executive leadership in conveying the environmental ethic and
delivering new environmental staffing resources during a time of overall agency downsizing.

NYSDOT’s pioneering commitment to environmental enhancement has made the Department a
national model in the field. New York State won AASHTO’s first Environmental Best Practices
Competition, as well as AASHTO’s President’s Award, gaining an unprecedented endorsement
as a leader in the delivery of environmentally sound transportation services. Department-wide
environmental policies and objectives have provided the foundation on which an EMS can be
based, including:

e NYSDOT Environmental Policy (MAP 1.6-3)

e Environmental Initiative Guidelines and Procedures (EI 99-026)

e Context Sensitive Solutions Engineering Instruction (EI 01-020)

e Environmental Handbook for Transportation Operations

MDSHA Environmental Strategic Plan and Management Systems

Maryland State Highway Administration (MDSHA)’s Four Year, Managing for Results (MFR)
Business Plan is updated annually and acts as the agency’s roadmap by focusing on eight Key
Performance Areas (KPA) for achieving the agency’s mission. Environmental responsibility,
stewardship, and community enhancement are key performance areas, receiving a high degree of
attention from the Administrator. A central environmental stewardship council consisting of the
Administrator and members from construction, maintenance, design, planning, project
development, and traffic is working on development of an Environmental Stewardship Strategic
Plan. The council sets goals, business plans, and action items and oversees progress and plan
refinement. Their goal is to continuously sustain and improve program delivery and
environmental stewardship and integrate environmental stewardship into all SHA organizations
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and activities. The business plan has provided MDSHA an avenue to ensure a funding stream to
achieve the stewardship goals in these key performance areas; decisions are made to meet agency
priorities encompassed in the business plan goals.(35) MDSHA'’s objectives, targets, and
measures are detailed in later sections.

MDSHA leadership has charged all of its offices and districts to use the 2000—2004 Business
Plan as a guide to formulate each area’s local business plan. The local plans are made up of
goals and objectives that closely relate to day-to-day activities in a way that each employee can
see his or her role in achieving the goals and objectives outlined in the Business Plan. In
conjunction with the business planning process, all offices and districts will implement a
stewardship program by the end of 2004. As part of their local business plans, offices are
already recycling paper, reducing energy usage, protecting trees, and reducing mowing. Having
achieved an excellent track record in permit and environmental compliance, MDSHA is now
focusing on proactive environmental improvements and community enhancement. MDSHA’s
Environmental Stewardship goal not only requires mitigation of environmental impacts but also
seeks to create, restore, and/or preserve greenways and other natural settings wherever possible.

The business plan requires quarterly reports and quantification of accomplishments, in order to
create a larger, organization-wide picture. In addition to stewardship efforts of offices and
districts, MDSHA is undertaking a deeper examination of stewardship opportunities by
functional areas. Senior managers will participate in a review of what their functional area is
doing in each environmental resource area, and then set commitments and goals for the future,
prioritize, and set a timeline for accomplishing those. MDSHA anticipates having a framework
in place for the latter and a system for developing the elements or action items and tracking
progress by July 2004. MDSHA is considering hiring a coordinator to supplement the efforts of
the stewardship core team and especially to coordinate reporting and tracking. MDSHA also
anticipates further refinements to currently used measures; for example, the agency has been
tracking recycling but not any corresponding reductions in resource usage.

Communication of agency environmental priorities has been a key element of success. The
Administrator is leading the way with establishing expectations for 100 percent compliance in
implementation and maintenance of all erosion and sedimentation control measures in
construction. When MDSHA revisited its mission, vision and values, and updated its Four Year
Business Plan, a copy was sent to each MDSHA employee with an introductory letter from the
Administrator. This letter explained how the Business Plan was developed and what changes
have been made. For the first time, MDSHA also distributed a copy of the Business Plan

to external customers, to share MDSHA'’s goals and encourage a partnership approach to achieve
their organizational objectives. MDSHA also displays a poster of their mission, vision and
values in each office; and on their intranet site; as well as through columns such as MDSHA
Values and Parker’s Podium in Maryland Roads, an MDSHA-wide publication.

Delaware DOT’s Plan to Support Smart Growth and Implement a “Livable Delaware”

DelDOT’s Statewide Long Range Transportation Plan and overarching strategy utilizes a
Transportation Investment Areas (TIA) Map developed as part of Delaware’s “smart growth”
and “livable communities” commitment. The TIA Map was developed to define and direct the
varying level of investment the Department would make throughout the State to support
“Shaping Delaware’s Future.” The TIA Map places all areas of Delaware into one of three
classifications: Multimodal Investment Area, Management Investment Area, or Preservation
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Investment Area. Behind each of these areas is an underlying philosophy describing how the
Department will provide transportation facilities and services. For example, Preservation Areas
were defined as areas where growth and development did not exist and was not being
encouraged. As such, the transportation system in these areas would be maintained and kept safe
but not necessarily expanded. As a unitary state policy, the Cabinet Committee on Statewide
Planning Issues expanded the TIA Map to create a more gradual flow from one type to the next
and described how all types of infrastructure, not just transportation infrastructure, would be
provided. DelDOT said, “to this point, the TIA Map has served the Department well. It
continues to be used to define how Department initiated plans and projects are developed, how
the Capital Improvement Program is developed, and how the Department reviews and responds
to regional, county and local development actions and long range transportation plans. The Plan
and TIA Map support the following Livable Delaware goals:

e Direct investment and future development to existing communities, urban concentrations,
and growth areas.

e Protect important farmlands and critical natural resource areas.

e Streamline regulatory processes and provide flexible incentives and disincentives to
encourage development in desired areas.

e Encourage redevelopment and improve the livability of existing communities and urban
areas, and guide new employment into underutilized commercial and industrial sites.

e Promote mobility for people and goods through a balanced system of transportation
options.

e Coordinate public policy planning and decisions among state, counties and
municipalities.

The plan update will “focus on how DelDOT’s goals, strategies, policies, and actions need to
change to reflect what was done under the existing plan and to support the Strategies for State
Policies and Spending” and Livable Delaware.” Measures for success will include the
percentage of capital projects appropriate for the investment area they are being done in, as
identified by the “Strategies for State Polices and Spending.” The agency is continuing to assess
travel times, customer satisfaction, and “the level to which people understand and agree with the
way that we are building, running, and maintaining their transportation system.”

DelDOT’s Corridor Capacity Preservation Program and Prioritization Process for CIP projects
are being used to achieve the state goal to “direct investment to existing communities and growth
areas.” The Corridor Preservation Program is based on maintaining rural areas, while limiting
growth to those areas designated under Livable Delaware and the State Investment Strategies and
involves cooperation among state agencies, key cities and counties, and The Nature
Conservancy. As indicated in the “Strategies for State Policies and Spending” document, in rural
areas “transportation projects will include only necessary drainage, maintenance and safety
improvements, and programs to efficiently manage regional highway facilities.”(SSPS, 1999).
Also, the pool selection criteria for projects in DelDOT’s existing pipeline are being revised to
incorporate Livable Delaware’s goals and strategies. Toward the goal to “protect important
farmlands and critical natural resources,” DelDOT will marshall their policy on sale and disposal
of excess land, their wetlands mitigation banking, and scenic highways programs.
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The agency has also moved ahead with “Mobility Friendly Design Standards” and is
encouraging redevelopment and improving the livability of existing communities through revised
policies for Context Sensitive Design, Traffic Calming, Transportation Enhancements, and the
Roadside Environment. DelDOT’s context Sensitive design policy (D-07) became effective on
June 30, 2001. The Context Sensitive Design Policy sets aside five percent of project
construction costs for improvements to the community or environment immediately adjacent to
all system expansion and system management projects. This policy provides a mechanism
through which the Department can respond to quality of life issues, such as aesthetics and
enhancement measures for farmlands and critical natural resources, not normally addressed
through a transportation improvement. A Maintenance Policy is being developed to establish
responsibility for care of amenities included as a result of this policy. The policy also allows
DelDOT to enter into a formal agreement with the affected community to combine funding,
contributions, work, or services, at the request of the community, for coordination purposes or to
achieve economies of scale. As a measure to guide progress, DelDOT is tracking the Number
and percentage of new projects developed using the five percent set aside. Conduct a follow-up
customer satisfaction survey, another to wrap-up our project to determine whether the affected
community is satisfied with the results.

NCDOT’s Use of Baldrige as an Environmental Management Framework

In recent years, the North Carolina Department of Transportation (NCDOT) has taken
remarkable strides in encouraging and allocating resources for environmental stewardship and
streamlining. Specifically, NCDOT has institutionalized and heightened the importance of
environmental stewardship through policy, organizational structure, strategic planning, process
improvement and partnering. NCDOT is committed to providing for North Carolina’s
transportation needs while protecting the State’s environmental resources (see policy—NCDOT
Environmental Stewardship Policy). Environmental stewardship within NCDOT became a
primary focus in 1999 when NCDOT’s Strategic Plan for Transportation was developed and
adopted through public and stakeholder input. The plan outlines numerous goals that reflect
stewardship of the human and natural environments. NCDOT was subsequently designated by
the Federal Highway Administration as a “TEA-21 Environmental Streamlining Laboratory,”
serving a model for other states.

The approach NCDOT is using to achieve environmental excellence throughout the organization
began with the creation of an inventory of approximately 150 institutional and program
environmental-related initiatives underway at that point, in addition to future initiatives under
consideration due to issues related to project delivery and environmental decision-making. This
inventory identified stakeholders, the impetus for the initiative, initiative goals and objectives,
performance measures, and the amount and type of resource allocation. Each initiative was
categorized using Malcolm Baldrige criteria as a way of determining the breadth of current
activity in certain focus areas.

The Malcolm Baldrige model is a tool used by thousands of organizations and companies to
improve overall organizational effectiveness. NCDOT used the following Baldrige criteria as an
environmental stewardship and management framework to inventory and assess what the agency
is currently doing, and to identify gaps that exist and improvements that could create a
significant return on the agency’s investment.
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e Leadership - How senior executives guide the organization and how the organization
addresses its responsibilities to the public and practices good citizenship.

e Strategic planning - How the organization sets strategic directions, determines key
action plans and translates the vision into action.

¢ Information and analysis - The management, effective use, and analysis of data and
information to support key organization processes and decision-making.

e Process management - Aspects of how key production/delivery and support processes
are designed, managed, and improved.

e Human resource focus - How the organization enables its workforce to develop its full
potential and how the workforce is aligned with the organization’s objectives.

e Business results - Organization’s performance and improvement in its key business
areas: customer satisfaction, financial performance, human resources, partner
performance, and operational performance.

e Customer focus - How the organization determines requirements and expectations of
customers.

In addition to the seven Baldrige categories, NCDOT added the criteria of “trusting partnerships”
as an eighth category for evaluation and improvement since many of the environmental
processes used to deliver transportation projects are implemented in cooperation with others.

e Trusting partnerships - How effective the organization is in building trusting
partnerships, maintaining and enhancing communication, establishing mutual goals and
conducting collaborative problem-solving.

NCDOT operates on the premise that in order to systemically change the way the agency
conduct business on a day-to-day basis, attention must be given to all focus area. In other words,
the organization must be working on and be successful in the eight categories listed above in
order achieve sustainable organizational excellence.

Some examples of NCDOT’s environmental programs and institutional initiatives, as categorized
by Baldrige criteria, are listed below.

e The creation of the North Carolina Board of Transportation’s Environmental Committee
and appointment by the Governor of the first Transportation Board Member with the
designated responsibility of representing environmental issues. NCDOT also appointed
the department’s first Deputy Secretary for Environment, Planning, and Local
Government Affairs and created NCDOT’s Office of Environmental Quality (OEQ) to
help execute the agency’s environmental policy (Leadership).

e Development of NCDOT’s Strategic Plan for Transportation, which includes
environmental goals and objectives, through public and stakeholder input (Strategic
Planning).

e Expansion of the North Carolina’s Geographic Information Survey, in collaboration with
state and federal resources agencies, for the use in early identification of sensitive
environmental resources and the avoidance and minimization of impacts (Information
and Analysis).
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e Documentation, analysis and reengineering of project development, permitting and
mitigation processes to achieve the timely delivery of NC’s transportation program while
protecting the environment (Process Management).

e NCDOT’s funding of 34 positions in state and federal resource agencies for the purposes
of early identification and resolution of environmental issues associated with the
planning, construction and maintenance of transportation facilities (Human Resource
Focus).

e Metrics and associated performance measurement related to NCDOT’s Erosion and
Sedimentation Control Program (Business Results).

e Shared transportation and environmental decision-making with federal, state and local
agencies to provide transportation facilities that fit into the surrounding environment
(Customer Focus).

e Partnership between NCDOT and NC Department of Environment and Natural Resources
that includes establishing of mutual goals and developing and implementing one- and
three-year joint work plans (Trusting Partnerships).

NCDOT reviewed all in the initiatives and respective Baldrige criteria/categories to determine if
the initiatives were balanced throughout the categories, asking the following questions:

e Are there areas where a lot of resources are being applied? Is so, why?
e Are there categories where few initiatives are occurring? If so, why?

The analysis helped NCDOT determine where large amounts of resources were being applied
and whether large initiatives address one or more of the Baldrige criteria. The absence of
activities for a specific Baldrige criteria were taken to indicate a “gap” within the organization’s
management and approach to creating organizational change. NCDOT determined where the
opportunities for improvement were, given the goals and priorities of the organization and its
stakeholders. Then, comparisons between the current initiatives and the opportunities for
improvement were made to determine which initiatives were complimentary and which showed
the highest potential return on the investment. NCDOT then made decisions on resource
allocation to facilitate continuous improvement that would be well-rounded, according to the
Baldrige principles and consistent with the established strategic plan.

NCDOT liked the Baldrige criteria as a framework for environmental management because it
built on what the agency was currently doing. The use of existing momentum and support for
current initiatives encouraged synergy that NCDOT contrasted to “starting a new program that
creates anxiety associated with change.” The model was easily understood and communicated.
NCDOT’s quality manager felt that the use of Baldrige criteria as a framework for organizing
programmatic and institutional environmental initiatives established a solid foundation for future
organizational change.(36)

NCDOT has numerous environmental stewardship activities that have been institutionalized
through development of departmental policy, changes in organizational structure, development
of formal and informal partnerships, process improvement and redesign, strategic planning, and
performance measurement. As of April 2004, NCDOT also decided to hire an EMS coordinator
for the department to develop, implement and monitor EMSs; facilitate the development of
tracking and reporting systems for environmental-related programs and processes; and to provide
training and internal consulting on EMS. The EMS coordinator will assist in the management
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and facilitation of process improvement activities, and hence the agency has sought staff with
expertise in ISO 14001, ISO 9000 and/or Baldrige Assessment.(37)

Environmental Strategic Planning at PennDOT via the Strategic Environmental
Management Program (SEMP)

The Pennsylvania Department of Transportation (PennDOT) has a long history of performance
measurement within a strategic planning framework. The National Research Council recognized
PennDOT as one of the first public transportation agencies to adopt a strategic management
system. The National Academy of Public Administration has reported on this work, a summary
of which is included in this section.

Incorporating the environment into the agency’s Strategic Plan became a key objective for
PennDOT following the Governor’s Green Government Council, which called on agencies to
strive for continuous improvement in environmental performance with the goal of zero
emissions.”(38) PennDOT led the way among Pennsylvania agencies in implementation of
Strategic Environmental Management within the state.

PennDOT’s SEMP provides a mechanism for continuous improvement of PennDOT’s
environmental performance, a systematic approach to monitor effectiveness, and corrective
action for nonconformance. Each PennDOT division now incorporates SEMP objectives,
actions, measures, and targets into their annual business plans under their high level goal of
“Demonstrate sound environmental practices,” within the Quality of Life strategic focus area.
Business plan objectives further detail priority tasks and strategies, deliverables, measure/review
cycles, and potential barriers regarding this goal. A “Green Smiley Face” draws attention to
environmental objectives, measures, and targets throughout the business plan. (See further
information on PennDOT’s process under the objectives and targets of this report.) In a 2001
presentation at the TRB annual meeting on PennDOT’s strategic planning and performance
measurement improvement effort, PennDOT Secretary Brad Mallory discussed key aspects of
PennDOT’s approach. Heading the list were: top leadership engagement throughout the process,
broad organizational participation with ongoing feedback, and an “adapt, don’t adopt”
philosophy toward best practices.(39) The next year at TRB, Secretary Mallory discussed
significant gaps the initiative was addressing, including uneven deployment of management with
measures; lack of fresh data and analysis of strengths, weaknesses, and opportunities for some
categories; and lack of alignment with many individual employee work plans.(40)

PennDOT has seen progress in addressing maintenance needs and has seen customer satisfaction
rise. According to PennDOT’s Director of Fiscal Management and team leader for the agency’s
strategic planning and performance measurement improvement effort, the agency has also
benefited from consistent gubernatorial and legislative policies, customer and stakeholder
support, and innovative agency leadership— factors that led to a multi-modal funding package
that provides the current level of financial stability. As a result, PennDOT’s strategic planning
and performance measurement process have persisted across administrations, helping incoming
leadership teams shape and implement transportation programs to advance the agency mission.

New Brunswick, Canada, DOT Strategic Plan and Environmental Protection Plan

The New Brunswick DOT Strategic Plan (Protecting the Environment Element of NBDOT
Strategic Plan) includes goals, objectives, and measures for protecting the environment.
NBDOT has outlined their current challenges as:
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e Minimizing the impact of highway construction and maintenance on the natural
environment.

e Engaging the public and stakeholders in productive discussions aimed at resolving
specific transportation-related environmental issues.

e Meeting commitments to monitor the effects of transportation on the environment.

e Working with regulatory authorities to ensure the timely acquisition of environmental
approvals.

To respond to those, Strategic Objectives for 2002 — 2005, for Goal 7 — Environmental
responsibility and proactivity are:
e To integrate the concepts of continuous improvement, environmental protection and
pollution prevention in all aspects of DOT’s work.

e To take special steps to protect the environment surrounding DOT’s maintenance
facilities.

e To ensure all field staff have appropriate training in environmental protection.
e To investigate new, environmentally responsible technologies and methodologies.

NB DOT developed an Environmental Protection Plan, Environmental Field Guide and
Standard Specifications to assist the agency in taking proactive and responsive approaches to
environmental protection.

New South Wales, Australia Roads & Traffic Authority Strategic Plan and EMS

The New South Wales, Australia, Roads & Traffic Authority (RTA) Corporate Strategic Plan
outlines the requirements of the New South Wales Government for the RTA’s environmental
performance, that is, to minimize adverse impacts on the natural and built environments. This
requirement is in addition to meeting all statutory obligations and demonstrating due diligence in
all activities which may affect the environment. The RTA’s Environment Policy sets out general
processes to achieve these requirements and to continuously improve its environmental
performance, one of which is the RTA’s Environmental Management System (EMS). Through
the agency’s EMS, the RTA is committed to integrating environmental issues into all of its
activities and to continuously improving its environmental performance. The development and
implementation of the EMS has been organization wide, and has provided a structured
management system to achieve and demonstrate our environmental performance.

2.2. SETTING OBJECTIVES AND TARGETS & TRACKING ENVIRONMENTAL
COMMITMENTS

Establishing Environmental Objectives and Targets

Once a DOT, Maintenance & Operations Division, or an Engineering Region/District has
identified environmentally significant aspects of operations and organizational priorities within
those, a DOT may want to set objectives and targets. Too often, objectives and targets are
identified based only on what is measurable, whereas that which is important and ways progress
can be meaningfully evaluated should drive metrics.
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MDSHA Environmental Objectives and Targets

MDSHA’s Environmental Stewardship Strategic Plan comprehensively addresses MDSHA
environmental activities and establishes measurable outcomes. MDSHA is also working on
combining management systems, including their permit tracking system, maintenance, and other
management systems, which will further the agency’s ability to track and measure environmental
performance. MDSHA'’s current environmental targets and measures are to:

e Meet 100 percent of environmental commitments. MDSHA is working on this
objective or target on two levels. First the agency is making a list of all commitments
made in the NEPA Record of Decision and tracking whether they are implemented in
design. The next stage is making sure the commitments are implemented in construction
and implementation is confirmed or evaluated after construction. MDSHA is using the
process designed for the Woodrow Wilson Bridge and lessons learned as a model.
MDSHA already utilizes environmental monitors (beyond erosion and sedimentation
control inspection and quality assurance inspectors) on all major projects, design-build
projects, and those in sensitive environments.

e Create and restore 200 acres of wetlands and restore 5 miles of streams by June
2006. This stewardship commitment helps the state achieve regional, watershed, and
statewide conservation objectives and is above and beyond what the agency is doing to
satisfy Clean Water Act mitigation requirements. MDSHA is using transportation
enhancement and other dedicated funds to enable the agency to achieve this objective.

e Reduce Canada thistle in the right-of-way. MDSHA has calculated the acres of
Canada thistle in the ROW and is coming up with an estimate of what the agency can
feasibly eliminate by 2006.

e Annual “in compliance” rating on NPDES statewide permit. Every January,
MDSHA submits an annual report and receives review and comment from the state water
quality oversight agency. MDSHA seeks to maintain the agency’s reputation as a leader
in the field nationally.

e 80 percent or more of SHA stormwater management facilities rated functionally
adequate by 2006. MDSHA has developed a thorough and duplicable grade-based
rating system for stormwater management facilities and has developed an inventory,
database, and photo record of all facilities statewide and their maintenance status. Under
the rating system, those graded A or B are considered functionally adequate. As of late
2003, between 73 and 75 percent of MDSHA stormwater were functionally adequate
(A=everything fine, working fine, no maintenance required, B= minor maintenance, need
mowing or trash removal), leaving approximately 25 percent needing maintenance or
retrofitting to achieve functional requirements. By 2010 MDSHA is aiming for 95
percent of facilities functioning adequately.

e Accomplish 35 percent of needed industrial facility improvements by 2006. MDSHA
has assessed shortcomings at industrial facilities from an NPDES or water quality
standpoint. The agency is committed to rectifying those deficiencies and is aiming for
100 percent completion by 2010.

e Achieve 100 percent compliance with erosion and sedimentation control
requirements on all SHA construction projects. MDSHA believes the agency
maintains one of the better DOT enforcement systems in the country. To assess
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compliance, MDSHA implemented a six-layer system that includes independent quality
assurance ratings for each project. Certified Quality Assurance inspectors inspect projects
biweekly and rate the sediment controls on a letter grade scale. Projects can be shut
down based on these inspections. Ratings for all projects are summarized quarterly and
annually to comply with the SHA Business Plan. In the past the agency has pursued
ratings of B or better on 95 percent of construction projects annually. As part of a
primary agency commitment though, the Chief Administrator is seeking to improve
performance to achievement of 100 percent compliance in construction.

In addition to leadership and communication of the agency’s commitment, MDSHA has
formed a team that is considering certification and recertification of inspectors,
contractors, and designers. The certification requires refresher courses and certification
could be lost for poor performance. MDSHA is working with private industry and will
be training contractors as well as staff.

e Maintain the priority level accorded to historic bridges on the SHA network so
preservation is not in jeopardy. MDSHA has conducted inventories to identify historic
bridges and potential historic bridges. The agency is addressing needs and strategies for
12 different aspects of historic bridge preservation.

The Managing For Results (MFR) portion of MDSHA’s business and stewardship plan is being
used to measure the progress and success of MDSHA’s environmental stewardship and to define
timelines and milestones for the numerous elements of the program. Using the MFR approach,
progress is measured every month for each of the major elements, and every six months for all
the elements of the program. An example of this is the stormwater management retrofits that
needed to be completed by December 2003. The retrofit completion progress was tracked every
month and new strategies were developed continuously. As a result, this requirement was
exceeded by 300 percent. Individual projects, such as watershed retrofits, stormwater
improvements and watershed partnerships that are generated as a part of the program are
managed using MS Project and milestone reviews.

For maintenance facilities, the discharge sampling of the outfalls is a direct method for
measurement of success, which is defined based on state and federal requirements. As a
stewardship measure, MDSHA tracks implementation of strategic upgrades to the facilities
identified during the pollution prevention plan development and needed changes in systems
identified by the independent inspection program.

Charts are developed for all the major programs to visually demonstrate successes and progress.
Once a year, an annual report summarizing all the activities, including compliance with the
NPDES program is prepared and submitted for review to the Maryland Department of the
Environment (MDE). So far, every report was thoroughly reviewed and approved by MDE,
which means SHA remains in compliance and is actually being commended for showing
stewardship by exceeding the permit requirements. A copy of the recent annual report is
attached.

PennDOT’s Targets, Scorecards and Dashboards

Beginning early in 1998, PennDOT adopted a scorecard of measures to more clearly link
performance metrics and agency goals and objectives. Effective scorecard measures were
defined as those that would make a difference to customers and stakeholders, drive behavior
throughout the organization, and be used for evaluation and decisionmaking. An internal
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Malcolm Baldrige Performance Excellence assessment identified both procedural and technical
shortcomings in department strategic planning and performance measurement. Particularly
significant among the agency’s findings was a lack of focus resulted from the combination of too
many “number #1 priorities” and too many measures.

To create a shared vision for 12,000 employees, PennDOT embarked on a four-year
improvement effort to link more rigorous strategic planning practices to measurable targets of
organization performance. The task was divided into four phases: determine the approach,
develop the agenda, align business plans, and manage with measures. PennDOT conducted
extensive surveys and interviews to supplement existing data and suggest value-adding
strategies. The leadership team reached consensus on eight strategic focus areas that were
forwarded to cross-functional teams for formulation of goals and objectives. The cross-
functional teams performed an analysis of strengths, weaknesses, opportunities, and threats based
on external and internal scan data. In some cases, measurable targets and meaningful
performance indicators were considered, so the agency was able to “back in” to goals and
objectives.

In 2000, the leadership team adopted thirteen high level goals and twenty-one strategic
objectives under the eight strategic focus areas. Goals and objectives were supported by a
scorecard of measures consisting of lagging indicators that were assigned short-term and long-
term targets. Each major PennDOT business unit used the department level process to develop its
own objectives and scorecard. Organization-specific workshops were conducted to help those
leadership teams support top-down direction while adding bottom-up priorities. Strategies and
performance targets became the focus of their annual business plan and budget presentations to
the agency leadership team.

In 2001, the agency added “dashboard measures” to supplement the business plan scorecards.
The dashboards monitored progress toward scorecard metrics and other fundamental core
business targets. By adding leading indicators and interim outcome measures, the dashboards
provided a forum for tactical and resource decisions at monthly reviews by business unit
leadership teams. Organizations were encouraged to move from reactive to proactive problem
solving with the ultimate goal of focusing on continuous improvement opportunities. PennDOT
borrowed the concept of red, yellow, and green flags to highlight how actual data compared to
projected targets or acceptable variance ranges.

Standards for Establishing Environmental Objectives and Targets

ISO 14001 outlines standards for establishing environmental objectives and targets in section
4.3.3, which states that the “organization shall establish and maintain documented environmental
objectives and targets, at each relevant function and level within the organization.” When
establishing and reviewing its objectives, the standard further states that an organization shall
consider its legal and other requirements, significant environmental aspects, technological
options and its financial, operational and business requirements, and the views of interested
parties. The views of interested parties may include employee feedback, issues in the
community, or regulatory hot topics or high level concerns.

Standards for evaluating a DOT’s environmental objectives and targets may include the
following:

e Are environmental objectives and targets documented?
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e Have environmental objectives and targets been developed for each relevant function and
level of the organization?

e Are these objectives and targets linked to a larger framework and based in the
organization’s environmental policy?

e Do environmental objectives and targets allow for the ability to measure, monitor, and
improve?

Environmental Commitment Tracking Through Construction & Maintenance

Many environmental laws and regulations have permitting or approval requirements, and without
which approvals or permits a project cannot proceed. While some mitigation may result from
requirements for receiving an approval or permit to offset unregulated impacts DOTs make other
mitigation commitments as a part of their environmental stewardship role.

Once a commitment to provide any of these mitigation features in a project is included in the
final environmental documentation, whether it be a categorical exclusion determination for small
projects, an Environmental Assessment/Finding of No Significant Impact for mid-range projects,
or an Environmental Impact Statement/Record of Decision for large projects, that commitment
becomes a condition of the FHWA project approval. Such a commitment is inadvertently
deleted from the project, that removal could jeopardize the project approval and could result in
remedial actions such as stopping construction until corrections can be made.

Some practices for ensuring that environmental mitigation features get incorporated into a
project include:

e Having a mechanism to relay from the environmental staff to the design staff, the various
mitigation features of the project and why they are necessary so that these items are
designed into the constructions plans and specifications.

¢ Emphasizing to both design and construction staff that mitigation features are not the
kinds of items that can be Value Engineered or removed from a project just because they
do not appear to be directly related to a transportation need. When they inadvertently get
removed from a project, this may make the environmental documentation out of
compliance and jeopardizes the project until it is fixed.

e Educating highway agency staff and contractors that failure to implement mitigation
measures can lead to civil, and in some cases, criminal penalties.

¢ Hiring “environmental monitors” to ensure that environmental features are implemented
as intended and that any changes are processed through the appropriate agencies.

DOT “Green Sheets” and the Emergence of Electronic Commitment Tracking Systems

As of 2002 twenty state DOTs reported having systems for tracking environmental mitigation
commitments.(4/) In many cases, these are paper copies attached to plans, often called “green
sheets;” eleven state DOTs used the latter method.(42) For example, Georgia DOT’s green sheet
consists of a page listing the following information, in addition to project number, county, status,
and date: commitments/requirements; document in which the commitment was stipulated;
responsible offices; whether special provisions are required; and status of the
commitment/requirement. Eight state DOTs said they had developed or were in the process of
developing electronic tracking systems for mitigation commitments, including Arkansas,

60



Kentucky, Maryland, North Carolina, New York, Texas, and Virginia.(43) The above
information and some of that which is included in the remainder of this section on commitment
tracking was included in FHWA’s Domestic Scan on Environmental Commitment
Implementation: Innovative and Successful Approaches (44).

South Carolina DOT Interdisciplinary Accountability Teams

South Carolina DOT offers an intermediate model: on projects with substantial mitigation
commitments an interdisciplinary commitment accountability team has been developed,
consisting of the SCDOT Construction Engineer & District Field Engineer, SCDOT
Environmental Manager or Specialist, and the FHWA Division Environmental Program Manager
and Operations Engineer. This team reviews all environmental commitments made in the Final
EIS, Record of Decision, 404 permit, and 401 certification, and any other relevant consultation
or permitting areas. The team lists and evaluates each commitment for the degree to which it has
been fulfilled or is currently being fulfilled. Issues in implementation and the results of visual
surveys, where appropriate, are included in the report, as are copies of the original permits.(45)

New Jersey DOT Environmental Re-evaluation Checklists, Meetings, and Construction
Field Reviews

NJDOT uses both environmental plan sheets and environmental re-evaluation checklists to
communicate commitments throughout all phases of project development. Instead of writing
commitments only in the contract document, NJDOT outlines commitments in environmental
plan sheets and includes those sheets directly in project plans. By placing the environmental
commitments in its project plans, NJDOT increases the likelihood of meeting environmental
commitments. The environmental re-evaluation checklist reflects the commitments stated in the
NEPA document. The checklist was developed to compensate for the length of time between
issuance of the Record of Decision and the acquisition of right-of-way. NJDOT also uses the
checklist for any new or supplemental funding requests for NEPA projects. The checklist
contains permit information, agency approvals, Executive Orders for wetlands and floodplains,
and an environmental inventory of impacted resources.

NJDOT uses pre-construction meetings to communicate with all stakeholders, and NJDOT
environmental staff attends pre-bid and pre-construction meetings to ensure that all parties
understand a project’s environmental commitments. NJDOT also holds post-construction
reviews for wetland monitoring to confirm performance and compliance with stated mitigation
goals.

NJDOT conducts randomly selected Construction Field Reviews on its construction projects
every six months. The one-day reviews are conducted by Environment Teams (E-Teams) that
include a NJDOT Environmental Specialist. The E-Team meets with the resident engineer and
then prepares a brief written report that not only focuses on compliance, but also identifies
unique construction activities. See description of NJDOT’s construction audit and contractor
rating program under the audit section.

Kentucky Transportation Cabinet “Communicating All Promises (CAP)”

KYTC has developed a commitment tracking approach called “Communicating All Promises”
(CAP). The CAP tracks and demonstrates follow through on all commitments made from
planning through construction and maintenance. Commitments are posted in the State’s online
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tracking system for use by contractors and placed in the lead project engineer’s files. The
approach institutionalizes commitments made by the agency and improves communication
among all parties involved in the transportation process, increasing efficiency.

KYTC took a “blitz team” approach of “promise makers” and “implementers” to educate the
department and contractors about the CAP. Information about the program and approach was
also incorporated into the agency’s Context Sensitive Solutions for Construction Workshops.
All project engineers learn how to develop a Commitment Action Plan as part of their
preconstruction planning activities. A Project Commitment Action Plan is a detailed work plan
that addresses each of the natural and human issues and other commitments specifically
identified for each project in bid documents, and how each issue/commitment will be handled
during construction. The plan is developed and agreed upon prior to the start of construction by
the contractor, the resident engineer, and the KYTC environmental coordinator.

KYTC’s Guidance Accountability Form (GAF) for all environmental base studies and impacts
and mitigation commitments from that document and NEPA are summarized in the Project
Impact Profile (PIP), which both feed into KYTC’s CAP system. Promises are accumulated in
KYTC’s PRECON database system, which allows entry of a description of the promise, to whom
the promise was made, documentation, and the date of the promise. The Project Manager
enters the promises from the planning report into the PRECON-CAP system and remains the
keeper of the CAP for each individual project. All subsequent project promises are then
communicated to the Project Manager and endorsed by the Project Team. The Project Manager
retains the responsibility for ensuring that all promises (roadway features, environmental, right-
of-way, utilities, structure design, etc.) are ultimately brought to reside in the PRECON CAP. A
report function is included in the CAP system, which is run and included in the documents
submitted to PS&E for letting, in the bid package, and in the contract document. The ledger of
commitments enables tracking of commitments through all phases from planning through
construction and maintenance.

Indiana DOT Environmental Compliance Certification

INDOT uses a “Scope/Environmental Compliance Certification/Permit Application
Certification” at four different design stages to ensure that its project designs incorporate all
environmental commitments. This tool certifies that the requisite permits have been acquired
and that the associated conditions/requirements have been included in project plans,
specifications, and estimates (PS&E). In addition, a Mitigation Memo is prepared by the INDOT
Public Hearings Section, which reviews the six-month letting list to identify projects ready for
construction. The Mitigation Memo includes the mitigation chapter of the approved
environmental document, a design summary that documents how environmental commitments
are implemented in the final design, and the Fish and Wildlife Review Form that documents
stream-related restrictions and special provisions. This Mitigation Memo serves as a reminder
for project designers and land acquisition and construction personnel to assure that all requisite
and special provisions have been included in the final PS&E assembly. In addition, the
Mitigation Memo notifies construction staff of the commitments they are expected to implement.
INDOT includes its mitigation commitment summary in NEPA documents and project plans;
this is being incorporated into the agency’s electronic project tracking system.
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New York State DOT Environmental Commitment and Obligations Package for
Construction (ECOPAC)

NYSDOT’s Program Support System (PSS) lists all projects in progress within the department
along with information about project costs, status, and anticipated milestones. An
Environmental Commitments & Obligations Package for Construction (ECOPAC) records the
actual compliance of construction projects. ECOPAC tracks commitment compliance
throughout all construction activities with respect to the environmental issues identified and
highlighted during project development. The form, which is now being used by all NYSDOT
design and construction staff, is available on-line at the link above. It allows NYSDOT to
transmit environmental commitments to construction staff.

Caltrans’ Environmental Commitment Tracking

Caltrans construction contracts contain environmental requirements in the plans and
specifications. In addition, the resident engineer’s pending file contains a summary of all project
commitments, copies of applicable permits, the environmental document, and other
environmental documentation. Some districts produce special publications that detail

the environmental requirements for each project.(46)

Caltrans District 11 has developed a Mitigation Monitoring and Reporting Record (MMRR) that
summarizes environmental commitments (including terms and conditions of permits and other
approvals) to be completed as part of the project. The MMRR is used by resident engineers and
environmental personnel out in the field to ensure the construction process remains in
compliance with all the commitments made during the life of the project. It is also used to track
how well the District is doing in meeting its commitments. The MMRR helps identify specific
sections and staff responsible for follow-through to ensure the items are incorporated in the
PS&E and construction when it occurs. The agency has also developed public websites with
environmental permits and monitoring protocols for other projects, notably the San Francisco-
Oakland Bay Bridge East Span.(47) The agency is now working on quality standards for
tracking environmental commitments.

MDSHA Environmental Compliance/Consideration Checklists and Independent
Environmental Monitors

Environmental Compliance/Consideration Checklists are prepared for all major projects and
summarize all environmental mitigation and project commitments, as well as identify areas that
require further study or analysis during subsequent phases of the project. MDSHA also takes
preventative action prior to construction to ensure that environmental commitments are not lost
through value engineering or other plan revisions. NEPA documentation reevaluation occurs at
least twice during design activities to assess whether the approved environmental documentation
remains valid. The review occurs at the 30 percent, 65 percent, and 90 percent design completion
stage or when major design modifications are proposed.

For large and environmentally controversial projects such as the Woodrow Wilson Bridge,
MDSHA has developed a comprehensive tracking system database using Microsoft Access. In
the case of the Woodrow Wilson Bridge, the database houses 1200+ ROD commitments and
permit special conditions. A 1:400 scale map/plan was developed for each contract depicting
permitted impacts. Tracking reports from the database are created for each of 24 construction
contracts and compliance is documented in concert with daily compliance inspections. A final
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compliance tracking report is produced at the close of each contract, complete with a narrative.
As part of the final report, MDSHA will show the as-built version of the impacts and compare
those to the permitted impacts. Thus far, MDSHA is reducing permanent impacts, due to careful
management and minimization efforts throughout each contract.

As previously discussed, MDSHA is now in the process of developing a system, based on that
used for the Woodrow Wilson Bridge, for monitoring implementation of ensuring all
environmental commitments made in the NEPA Record of Decision are incorporated into
designs, and all design commitments and construction process commitments are implemented as
promised. MDSHA is working to make the statewide system less labor intensive than that used
for the Woodrow Wilson Bridge.

MDSHA also hires independent environmental monitors to work on projects with significant
impacts, design build projects, and projects in sensitive environments or that require individual
Section 404 permits from the U.S. Army Corps of Engineers. Environmental monitors ensure
that the agency and contractors adhere to environmental commitments and that the project is
constructed according to environmentally sensitive practice. The monitors serve in addition to
erosion and sedimentation control inspectors and regular project quality assurance inspectors.

WSDOT Environmental Requirements in Inspection Format

WSDOT has put environmental requirements in an inspection format, for use in monitoring
implement of environmental commitments on construction sites. As with Maryland’s Woodrow
Wilson Bridge Project, a large and expensive database was developed to track 850 permit
conditions covering everything from marine environments to upland. WSDOT will be
evaluating effectiveness of the tool over the next year and a half. Simpler tracking tools have
been developed for more routine projects.(48)

Pennsylvania Turnpike Commission Database for Tacking Environmental Commitments

In an effort to promote environmental accountability and stewardship during final design and
construction, the Pennsylvania Turnpike Commission utilizes set of computerized
spreadsheet/database tracking systems that identify and monitor additional ROW requirements
not addressed in the final NEPA document, changes in environmental impacts that may result
during final design, and fulfillment and incorporation of all mitigation commitments into the
PS&E packages as well as implementation during construction.

NCDOT Environmental Control Teams, Field Monitoring, and Permits on the Web

In addition to noting environmental commitments on plans and providing summary sheets of
environmental commitments, NCDOT has employed pre-construction meetings for the past nine
years to help contractors understand commitments, to establish relationships and protocols, and
identify whether a project-specific environmental control team is needed. The team decides how
often random, periodic field monitoring should occur for environmental compliance, in addition
to regular construction meetings and inspections. The agency has recently put environmental
permits on the web for reference by contractors and to facilitate incorporation of such
information into bids.
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Texas DOT Environmental Tracking System

The Texas Department of Transportation (TxDOT) has developed a comprehensive
Environmental Tracking System (ETS) to follow projects throughout the planning stages and
ensure that NEPA issues are addressed and environmental permits are coordinated before the
project is released for construction. TxDOT reports that through use of the system, construction
and maintenance personnel have increased their understanding of the implications and
importance of adhering to project environmental requirements and other environmental rules and
laws. They now take further action to prevent environmental impacts and minimize unavoidable
impacts and costs associated with nonconformance/noncompliance during the project
construction stages.

All TxDOT districts use an Environmental Commitment Checklist, which was first developed by
the TxDOT Houston District, to monitor construction, maintenance, and facilities projects. The
checklist is similar to those used by State DOTs to implement traffic controls in a project. By
allowing contractors to chose “Yes”, “No”, or “NA” for specific documentation permits, general
conditions, control measures, inspections, water resource compliance, and other environmental
requirements, the checklists provide contractors with an easy method to implement and comply
with environmental commitments and permit conditions. In addition, the DEQC uses the
checklist when reviewing projects for compliance with environmental permits, issues, and
commitments. The Texas DOT Environmental Checklist can be found in the Appendix at the
end of this section.

The TxDOT Corpus Christi District also employs an environmental compliance inspector to
provide continuous reporting on construction and its impacts to the environment. The
compliance inspector works directly with construction staff on projects with environmental
commitments or permits. For example, in the JFK Causeway project, the compliance inspector
monitors permitted construction activities such as placement of fill into tidal waters and the
removal of fill to create new bay bottom. The compliance inspector has the authority to stop a
construction activity if warranted.

FHWA’s Domestic Scan on Environmental Commitment Implementation and Lessons
Learned

FHWA'’s Domestic Scan on Environmental Commitment Implementation: Innovative and
Successful Approaches yielded the following “lessons learned,” which were summarized in
FHWA'’s Successes in Streamlining Newsletter: (49)

e Agency leadership that adopts and promotes an environmental ethic at all levels fosters
successful commitment implementation.

e Communication of commitments from transportation planning though maintenance is
essential.

e Education and training allow staff and contractors to understand the importance of
compliance and to promote stewardship.

e Strong stakeholder relationships allow agencies to develop environmentally beneficial
projects, promote efficient and effective processes, and further build trust and respect.

e Learning from past experiences encourages future implementation success.
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2.3. ENVIRONMENTAL MANAGEMENT SYSTEMS

Environmental Management Systems (EMS) serves as a tool of reflection/indication of strategic
planning. The prime emphasis of this sort of strategic planning is quality improvement and
assurance; accomplished through planning, well-documented action, re-evaluation, and
implementation of improvements through revisions of plans and procedures. Based on total
quality management and implementation of organizational learning, EMS is a tool that can help
integrate environmental considerations into an organization’s day-to-day operations and
management culture.

EMSs provide a standard framework for an organization to establish its own specific
environmental goals and then measure its performance in achieving those goals. The tool applies
well-accepted business and planning principles to environmental issues and includes the
following steps:

e PLAN: Identify the key issues (environmental aspects of operations, regulations,
stewardship commitments) and establish what you want to do (policy, priorities,
objectives, targets, and schedule).

e DO: Identify those responsible and affected; develop procedures and tools to fulfill
objectives and meet the plan; develop and provide training relevant to the plan and the
people involved; follow the established procedures and processes in the course of
carrying out business.

e CHECK if expectations are met: Assess performance; determine if meeting objectives
and targets; identify/audit if things are working as planned and if not, why not; determine
corrective actions and measures for the future.

e ACT/ADJUST: Periodically review the entire process to identify opportunities to
improve. Identify needed changes and next steps/adjustments; determine if anything
should be added to the plan.

Only a handful of states have launched EMSs or other processes with the explicit goal of
bringing about continual environmental performance improvement; a wider set of states has
implemented one or several components of an EMS, as defined by the International Organization
for Standardization (ISO and ISO 14001 in particular).(50)

Why EMS for DOTs?

In response to strong public interest, environmental stewardship was established as a
government-wide objective, codified in Executive Order 13148, in April 2000.(57/) Section 401
of this order directs each agency to implement an environmental management system at all
appropriate agency facilities. The President followed up on this initiative by asking all agencies
to promote the use of Environmental Management Systems (EMS) in federal, state, local, and
private facilities, with annual reports on the matter. As part of its stewardship objectives, the
Federal Highway Administration (FHWA) is encouraging the use of EMS in the construction,
operation, and maintenance of transportation facilities.(52)(53) AASHTO is promoting the use
and implementation of EMS, and has designed a “roadmap” to assist DOTs that are considering
implementation.(54)

State DOTs have begun to look at EMS as an organizing framework because it responds to some
of their key needs, including:
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e The desire to systematically demonstrate better environmental performance.
e Responsiveness to stakeholder preferences.

e Efficient use of financial resources.

e Ensuring coverage of complex liability issues.

e Regulators’ requests.

e Awareness that environmental stewardship leads to regulatory streamlining.
e Control over priorities and timelines of the EMS.

e Organizational culture and personal commitment.

e Integration of environmental systems into strategic planning processes that are already in
place. Environmental management systems include elements of quality control, health
and safety, finance, and human resource management.

e Promotion of a positive organizational image.

In addition CEQ notes that under the federal “Modernizing NEPA Implementation® effort, EMS
certification could provide advantages in getting projects through the NEPA and possibly the
permitting process.(55)

Many of the economic and environmental benefits from implementing an EMS are derived from
the proactive approach of pollution prevention. Pollution prevention strategies help reduce or
eliminate environmental concerns at the source, resulting in less waste and clean-up, more
efficient use of inputs, reduced risk and liability that may be reflected in lower insurance
premiums and avoided contingency expenses, and many other environmental, health, safety, and
financial benefits. EMSs can provide a way for air, water, waste and other environmental
programs to be considered and integrated in a common impact reduction and opportunity
implementation program. Under the EMS framework, an agency is able to ensure that major
environmental risks, liabilities, and impacts are properly identified, minimized, and managed. It
enhances the organization’s reputation and image in the local community and creates a greater
awareness of environmental performance within the organization across all departments, which
can help improve overall management planning and promote cooperation. A more detailed
overview of the benefits of EMS follows.

Benefits of EMS — Improved Environmental Performance& Predictability

Environmental management systems have many notable benefits for DOTs; some examples are
provided below. Collectively these benefits have the result of increasing predictability in DOTs
core business processes. An EMS can take permitting and regulatory compliance issues out of
the critical path of project development, by incorporating processes which identify, address, and
resolve those issues in advance. Instead the focus shifts to how DOTs can continually improve
environmental processes, whether regulated or not. Public support often grows and contractor
performance improves as well.(56)

Improve Environmental Stewardship

EMSs offer DOTs a way to address the public’s interest in environmental protection stewardship,
and enhancement. Agencies or facilities that adopt EMSs focus their attention on their highest-
priority effects on the environment. Through the continuous improvement process and
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involvement of employees at all levels—with particular emphasis on ideas and input from the
“shop floor”— EMSs can promote realization of new environmental opportunities.

Implement Leadership and Agency Objectives

EMSs provide a way to institutionalize what many leaders in state DOTs are already trying to do.
In other places, EMSs emerge from environmental commitments made at the highest levels of
executive leadership within a state. Organizations utilize an EMS process to develop goals,
objectives, and procedures relating to the organization’s environmental activities or performance.
Common objectives for public agencies include achieving compliance with all regulations, going
above and beyond compliance to voluntary stewardship and environmental enhancement, or
implementing systemic process improvement. Implementing an EMS can improve cost savings
and improve efficiency—a general objective for all public agencies operating within limited
budgets. EMSs are in line with broader state DOT, FHWA and AASHTO objectives to improve
environmental performance and demonstrate environmental stewardship.

Enhanced Credibility with External Stakeholders

Public and agency opinions of DOT projects play a large role in transportation decision-making.
A 1990 public poll showed that 75 percent of U.S. consumers considered a company’s
environmental image in their shopping decisions.(57) While government agencies are subject to
a different set of public decision-making processes through legislative budget-setting and
through public meetings for projects on a local level, citizens, environmental groups, and the
media can still mobilize public sentiment, alter accepted norms, and change the way people think
about the environment and the role of the agency or facility in protecting it. Public interest and
information regarding the environmental impacts and activities of DOTs and other organizations
have grown, raising expectations of DOTs and the importance of DOTs’ responsiveness and
credibility with regard to environmental stewardship.

An organization has far more credibility in environmental stewardship when it has in place a
process to assess its environmental performance. The general public offers greater support for an
organization that can demonstrate how it continuously seeks to improve environmental
performance. Improved relationships with regulators and other customers are a common
outcome of EMS implementation. Developing and maintaining a positive public image with
respect to environmental stewardship assists relationships with lawmakers and the media. For
example, by implementing their environmental initiative, the New York State Department of
Transportation (NYSDOT) has gained stronger, more positive working relationships with
external agencies, citizens, local municipalities and other environmental groups, which in turn
and have avoided costs by reducing delay, litigation, and frustrating rework, as well as wasted
effort arguing contentious issues.

Improved Relationships with Regulatory Agencies

Although regulators and environmental review agencies will never relinquish all oversight
responsibilities, they recognize when an agency with an EMS is taking its environmental
responsibilities seriously. Implementation of an EMS signals an agency’s serious approach to
avoiding and minimizing environmental impacts and frequently leads to stronger interagency
relationships. For example, The Pennsylvania Department of Transportation (PennDOT) District
5’s efforts for consistency and planning in habitat assessments have improved relationships with
U.S. Fish and Wildlife Services (USFWS) and streamlined NPDES compliance and oversight.
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EPA, the multi-state working group on environmental management systems, and other regulators
at the state and federal levels are moving forward with EMS as a policy option because they
believe that organizations that adopt EMSs may be in compliance with environmental regulations
at rates greater than non-EMS adopting facilities, over the long run. Regulators suggest that the
environmental regulatory system may become less relevant for organizations that adopt EMS, as
they continually improve their EMS and upgrade their environmental goals, objectives, and
performance.

In some cases, regulatory agencies have specifically requested that an EMS be developed, or
established an incentive to that effect. Mass Highway’s environmental management program
was developed in response to EPA’s Environmental Performance Track. The agency reports
that their EMS has led to improved relations with regulatory authorities, easing oversight
burdens and permitting delays. In other industries, EPA’s National Environmental Investigation
Center has started to require EMS as a condition of settlement, with accompanying review of
current management systems and development of detailed procedures, self-inspection, and
monitoring processes which give regulators greater confidence in an entity’s future performance
and ability to catch and address problems in a timely way.(58) EPA’s compliance-focused EMS
guide is available on-line. EPA’s Implementation Guide for Small and Medium Size
Organization contains valuable information for DOTs and is available on-line.(59)

Improving Compliance and Eliminating Violations

Even if the organization already has a compliance program, an EMS can help enhance
consistency and efficiency in compliance, and capitalize on opportunities to move beyond
compliance into voluntary stewardship and environmental enhancement. Through developing
and utilizing an EMS, organizations can identify and address compliance problems and prevent
them from recurring. Once a facility implements its EMS, that facility should be in conformance
with all environmental regulations and in the process of exploring further avenues for
environmental improvement.

As aresult of using a structured, consistent audit program in operations and maintenance, Maine
DOT (MDOT) has substantially improved and maintained their level of environmental
compliance. In 2000, EPA enforcement staff conducted compliance inspections at several
MDOT maintenance facilities and testing labs. Although very minor improvements were
pointed out and immediately addressed by MDOT, no major problems were found and no fines
were imposed. Employee “ownership” of and pride in their facilities and actions has risen
substantially. In turn, the level of compliance achieved is much higher than with prior initiatives.
John Dority, MDOT’s Chief Engineer, said “[o]ur EMS has been remarkably successful in
avoiding environmental penalties and fines. In most cases, the violations just don’t exist when
enforcement agencies visit our facilities. In cases where violations are found, we have found that
the best possible response to the violation is to tighten up our EMS to make sure that similar
incidents never happen in the future. Enforcement agencies have been quick to agree that tighter
policies or tighter protocols are a more lasting solution than punitive fines.”(60)

Streamlining Regulatory Responsibilities

EMSs can rationalize and streamline how an agency addresses its various regulatory
responsibilities. Eventually, EMS can form the basis for States to seek greater environmental
delegations of authority from Federal agencies. Organizations and facilities that adopt EMSs and
are able to reduce their environmental impacts beyond regulatory standards may lessen their
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environmental reporting burdens and the costs associated with them. Those that demonstrate
proactive environmental management initiatives are in a better position to negotiate to reduce
their regulatory burden and streamline environmental approvals. For example, PennDOT’s EMS
for maintenance facilities in Districts 10, 11 and 12 has been recognized by Pennsylvania
Department of Environmental Protection (DEP) staff as best management practices that, in turn,
ease oversight, monitoring, and permitting needs. The procedures and processes of the EMS
generated sufficient confidence in state water quality regulators that inspections were reduced.
PennDOT’s internal documentation began to substitute for other reporting requirements.

Cost Savings

In the process of redesigning operations and reducing environmental impacts, some
organizations discover new opportunities to prevent rather than merely control adverse
environmental impacts. Reducing resource use saves money while enhancing the environment.
Organizations that implement EMSs typically discover ways to manage their operations as a
whole more effectively.

During the extreme conditions of a recent winter operators and managers confirmed that
materials usage control practices adopted by PennDOT helped them extend the life of their road
salt inventory by as much as three weeks (based on their experience under similar conditions).
PennDOT District 10 analysis of erosion and sedimentation control procedures and practices
estimated training and planning may provide two weeks of work crew and equipment
productivity at no increase in cost, by doing things right the first time instead of going back to
correct problems, translating to cost avoidance of $25,000/year for District labor and equipment.
EMS procedures and processes in Districts 10, 11 and 12 have been recognized by regulatory
staff as best management practices that allow for a District-wide permit, eliminating monitoring
and analyses, again saving resources.(61)

Improving Environmental Performance: Indicators, Protection, and Enhancements

An EMS can be used to establish quality goals and performance standards for both broad-scale
processes, such as project development, and for very specific field functions like materials
handling and construction techniques within construction, maintenance, and operations units.
Implementation of EMSs has resulted in improved pollution control and resource use, fewer
accidents and spills, and improved safety and environmental quality for both employees and
citizens. In most cases, EMSs facilitate the agency’s move beyond legal standards for regulated
activities to identification of opportunities for reducing non-regulated environmental impacts of
its activities. Environmental effects of agency operations and the most promising, immediate
opportunity areas frequently extend beyond what is controlled by environmental regulations.
EMS:s allow implementation of change identified by and at a pace set by the action

agency. Then the agency establishes targets or indicators they can use to track improved
environmental performance.

Research confirms that facilities, agencies, and organizations can reap substantial benefits from
improving the management of their environmental impacts and publicizing their proactive
environmental activities.(62)
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Economic Incentives, Including Reduced Liability

EMS implementation typically results in efficiency gains. Public agencies at all levels —
federal, state, and local — have begun implementing EMSs in an effort to reduce operational
costs by using fewer resources, optimizing the use of resources that are needed, and increasing
reuse and recycling. Although it requires an up-front investment in time, staff, and management
commitment, an EMS can result in cost savings over time. Efficiency gains may include reduced
liability and lower costs, including more favorable insurance and bond ratings.

Among NHDOT’s significant accomplishments, the Traffic Bureau eliminated an environmental
liability of shipping 6,000 gallons of waste paint to Illinois for treatment on an annual basis.
Following review of environmental aspects of operations, this practice was halted. Equipment
was purchased to process the waste paint at Traffic’s facility, solid waste from which is now
used by a start up company in its manufacturing process for plastic construction materials such
as noise barriers. In addition to elimination of the environmental liability, NHDOT is saving
$15,000 annually through this process improvement. NHDOT also began hydrostripping worn
aluminum traffic signs. This has resulted in lower resource use, and lower cost to deploy
signing, since the reused blanks are 40 percent less costly than new material. Through inventory
controls, the Bureau’s target is to utilize 95 percent of recycled sign material for sign
manufacturing in five years. New Hampshire’s DOT Commissioner was quoted as saying, “we
cannot afford not to have an EMS.”(63)

Other Organizational/Operational Benefits

Efficiency gains also extend to management and operations. Organizations perform better when
they systematically manage their affairs. An EMS improves productivity by systematically
addressing environmental concerns as part of overall management practices and organizational
strategies. EMSs give the people who know operations best a) the responsibility to identify the
environmental aspects of their activities, b) the means to measure progress against a baseline,
and c) the incentive to make improvements. This results-oriented approach by insiders can be
more effective than process-oriented oversight by outside groups that may want to add
marginally effective extra steps. In effect, an EMS is a tool for reviewing all the environmental
aspects of a job, including external regulatory requirements, and coming up with a systematic
way to address them. An EMS provides a framework for examining and collating best practices
for day-to-day-operations.

At Maine DOT (MDOT), EMS processes and procedures have enabled managers/supervisors to
more efficiently manage their materials (by sharing among facilities) and waste. These actions
have provided costs savings. More efficient management of materials and control of facility
operations lead to reductions in the space needed to conduct/support maintenance activities.
From an immediate perspective, less space means less opportunity for noncompliance and a
reduction in the costs and environmental impacts associated with noncompliance. From a long
term perspective, a need for less space could lead to savings in land maintenance and acquisition
costs.(64)

NHDOT built on and incorporated existing programs in constructing their EMS. The
Department realized organizational efficiencies by merging expanded health and safety program
requirements into EMS plans, enabling several important elements of department activities
(environment, health, and safety) to be addressed in one operational document. Despite these
efficiencies, NHDOT found that sufficient new staff resources were required in order to maintain
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written procedures, support program development, support the internal audit function, and
maintain records needed to perform performance measurement and corrective action tasks.
Consequently, NHDOT added an EMS Manager to facilitate the steps in developing an EMS,
assist in procedure development and implementation, and support internal and external
communications.(6.5)

Organizations that have implemented EMSs also commonly report that the organization as a
whole and individuals throughout developed a much better understanding of their work, its
impacts, and how it all relates to each other. The EMS fostered a greater sense of responsibility,
awareness, and meaning in the work at hand, from the corporate to the individual level. EMSs
have been a tool for extending employee involvement and awareness in many organizations, with
EMS practices providing a foundation for other quality improvement actions and showing all
employees that they play a vital role.

Matt Jordan, Director of Public Works & Ultilities, Gastonia NC said, “[w]e went from an
organization doing a lot of different tasks and jobs to (staff) seeing how it fits into the whole
department and feeling they’ll make a difference. It’s also a good way to meet regularly,
respond to their suggestions, and utilize their experience.” The Idaho National Engineering and
Environmental Laboratory reported, “EMS gave our employees a willingness to take initiative
and responsibility for environmental performance.”(66) During employee interviews for the ISO
14001 readiness audit in PennDOT District 10, an operator commented on Erosion and
Sedimentation Control procedures to the third party auditor, saying “I’ve worked here for more
than 20 years. We never did this before but that doesn’t mean we were right. This is what I
want to do for my children and grandchildren.”(67)

Mass Highway managers noticed an increased environmental awareness in the substantial
majority of maintenance employees. This awareness, coupled with environmental procedures,
responsibilities, training, and assessments, helps Mass Highway prevent environmental problems
and makes it easier to correct such problems when they do occur in turn, reducing costs of
compliance (including potential fines) and corrective actions.

Helping DOTs Respond to the Challenges They Face

State transportation agencies, like all government entities, are increasingly pressured to do more
with less. Efficiency and performance measurement have been watchwords, and performance
measurement is steadily increasing both on the state and federal levels. Twice as many laws
enacted in the 105™ Congress (1997-98) had provisions pertaining to performance as the
previous Congress.(68) A third of state agencies in a recent survey said they measured
performance across the agency.(69) Not only is such information increasingly demanded by
external stakeholders and funders, such documentation facilitates management at the highest
levels and increases the ability of agency staff to communicate with key stakeholders and
demonstrate responsiveness. EMSs can increase agencies’ ability to respond to these demands
with solid data and show improved performance.(70)(71)

EMS and the ISO 14001 Standard

The structure of an EMS may vary, though the most common is the ISO 14001 standard because
it offers the opportunity to become recognized and certified. ISO stands for the International
Organization for Standardization, which adopted the ISO acronym because ISO means “equal”.
ISO 14001 certification is an effective and widely recognized method for demonstrating an
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organization’s commitment to environmental performance and quality management.(72) Though
ISO standards have been developed for hundreds of products and processes worldwide, with the
14001, ISO has suggested a broader, strategic approach than most of their other product and
process standards. Their purpose was to develop environmental management system standards
that can be implemented in any type of organization in either public or private sector (companies,
administrations, public utilities). As such the 14000 series share much in common with the ISO
9000 series for quality management.

ISO defines EMS as “that part of the overall management system which includes organizational
structure, planning activities, responsibilities, practices, procedures, processes and resources for
developing, implementing, achieving, reviewing and maintaining environmental policy.”(73)
The EMS provides the structure by which specific activities related to environmental protection
and compliance can be efficiently and effectively carried out.

ISO 14001 compliant Environmental Management Systems have six key elements:

1. Environmental Policy: An organization’s environmental policy serves as the basis for
EMS design and implementation. It sets out the organization’s goals and defines the
actions the organization will follow. Environmental policies should demonstrate a
commitment to compliance, pollution prevention, and the well being of employees,
customers, and the local community. The policy must be approved by top management
and communicated to all employees, since they will play an integral role in meeting the
goals of the policy.

2. Planning: Careful planning allows the organization to proceed with implementation of
an EMS in a logical, orderly manner. Planning should include comprehensive analysis of
an organization’s operations and the inherent environmental impacts, as well as
consideration of the steps necessary to meet new goals. Standard operating procedure
may be modified to meet the goals of the new Environmental Policy.

3. Implementation and Operation: Roles and responsibilities should be clearly defined for
all staff. Implementation of an EMS often requires across-the-board training and other
forms of support to acclimate all levels of staff to new priorities and practices.
Documented procedures help establish and maintain momentum toward the
organization’s environmental and economic performance goals.

4. Checking and Corrective Action: Maintenance of an EMS fosters a high level of
organizational discipline. Auditing, monitoring, and measurement of environmental
indicators are necessary to achieve the goals and assess progress toward the objectives
defined in the Environmental Policy. They also provide opportunities to create
performance incentives for all levels of staff.

5. Management Review: The development, implementation, and maintenance of a
successful EMS must be strongly supported by an organization’s top management. Top
management review strengthens the awareness and commitment through leadership of the
EMS goals, assigning decisions regarding staff responsibilities and performance
evaluation and ensuring continuing suitability, adequacy, and effectiveness of the
organization’s operations and practices. It should be conducted on a regular schedule.

6. Continual Improvement: Continual improvement is an inherent outcome of an
effectively implemented EMS. Performance reviews and updating the gap analysis can
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help guide the organization’s progress. Improvements should emphasize preventive

actions.

In considering whether to develop an EMS which could achieve registration to the ISO 14001
standard, Washington State DOT (WSDOT) developed the following comparison table of
characteristics of, differences between, and examples of a non-certification EMS, ISO consistent
and ISO 14001 registered organizations: (74)

Table 3: Characteristics and Examples of Non-Certification, ISO Consistent and ISO 14001 Registered Organizations

Non-certification EMS

ISO Consistent EMS

I1SO 14001 Registration

Focus on components of ISO14001 that
make most sense for organization.
Usually means much less
documentation and less rigorous basic
awareness training.

Use all 17 elements of ISO 14001 but
not document to the point of certification.
Requires much less paperwork and
training than certified program.
However, builds a foundation to readily
move toward certification in the future.

Document compliance with all 17
elements of ISO 14001. Pass an
independent certification audit.

Such a model might include written work
procedures, training, occasional
compliance inspections and corrective
action (compliance assurance)
procedures.

Such a model would address all 17
elements of ISO 14001. Some elements
would be implemented in more depth
than others. Policies and support
documents would be needed, but
agency would not necessarily require in
depth EMS training, nor rigorous
document control etc.

Train all employees in organization
striving for certification on basic
environmental awareness and the
operation of the EMS, with heavy
emphasis placed on EMS operation. Al
employees in organization must know
where to obtain EMS documentation.

Example programs include:

Maine DOT maintenance facility
environmental program

TxDOT construction compliance
program

NC DOT water quality program

NH DOT maintenance facility
environmental program

Example programs include:

MASS Highway’s Facility Maintenance
Program

ODOQT's Facility Maintenance Program
(in development)

New South Wales (AUS) Transportation
Authority construction compliance
program

Example programs include:

PennDOT erosion control (for

Maintenance activities, not construction),
winter material storage and maintenance
facility waste handling. Registration in
Maintenance District 10 only.

NYC Transit for all activities.

While ISO and EMSs emphasize a holistic approach, DOTs may find it most practical to look at
the individual parts of an EMS, some of which they may already have in place and assess what
they are missing or want to do next. This process is typically termed a “gap analysis.”

Gap Analysis: What Do You Have Already That Could Be Part of an EMS?

An EMS should build on policies, procedures, processes, and tools an organization already has in
place, to the maximum extent practicable. Consequently, many organizations like to start with a
“gap analysis,” looking at elements of an EMS, often as defined by ISO 14001, compared to
what an organization has already done. Gap analysis tools are available for self-evaluation.

EMS specialists have such tools available. The sections of this report, especially the conclusion
of each section on standards and measures, also contain bulleted lists of questions or elements
DOTs can use as checklists in evaluating gaps and/or ways to improve what they may have

already developed.
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The New South Wales (Australia) Regional Transportation Authority developed the following
cross-reference to identify which components of their environmental management system
addressed ISO 14001 elements: (75)

Table 4: Comparison between NSW RTA EMS and Elements of ISO 14001

ASINZS 1SO 14001:1996
Requirements

Corresponding element of RTA EMS

Corresponding
Section in RTA

EMS manual
4.1 General 1.0
4.2 Environmental Policy RTA Environmental Policy* 2.1.1
4.3 Planning
4.3.1 Environmental aspects RTA Environmental Impacts Register* 2.3
4.3.2 Legal and other Schedule of Legislative Requirements® 2.2
requirements Schedule of Other Environmental Requirements*
4.3.3 Objectives and targets Environment Strategic Plan* 2.1.2
Environment Strategic Plan* and Directorate
4.3.4 Environmental management | Business Plans 212
programs
4.4 Implementation and Ops.
4.4 1 Structure and responsibility | Section 3.2 of RTA EMS Manual* 3.2
4.4.2 Training, awareness and Workplace Environmental Training Program (WET) 3.3
competence
4.4.3 Communication Section 3.4 of RTA EMS Manual* 34
4.4 4 EMS documentation RTA EMS Manual* All
4.4.5 Document control Document Control Process and Procedures, Appendix D RTA
Management System Manual*
4.4.6 Operational control Register of RTA Environmental Policies, Guidelines and 3.0
Procedures*
4.4.7 Emergency preparedness 343
Emergency planning, Business Continuity Planning, Disaster
Recovery Planning, Section 6 RTA Risk Management Manual*
Disaster Planning and Recovery Guidelines, Chapter 11 RTA
Document Management System Manual*
4.5 Checking and Corrective
Action
4.5.1 Monitoring and Critical Success Area and Performance Measure Reporting 4.0
measurement
RTA EMS Improvement Register
4.5.2 Non-conformance and 4.0
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corrective and preventive action

File Management, Chapter 4 RTA Document Management
4.5.3 Records System Manual*

Environmental Auditing
4.5.4 Environmental management
system audit 35

4.6 Management review RTA EMS Management Review 4.0

U.S. Resource Centers for EMS Development

While private sector organizations have led EMS development in the U.S., EPA has spearheaded
provision of EMS resources for the public sector. Since 1997, EPA has helped 23 local
governments adopt environmental management systems using the ISO 14001 baseline. In
addition to the information clearinghouse at www.peercenter.net, EPA and nongovernmental
partners have established eight resource centers across the country to provide training and
information on developing the systems. The seven resource centers are Purdue University,
University of Florida, Georgia Institute of Technology, University of Massachusetts at Lowell,
Texas Natural Resource Conservation Commission, Virginia Tech University, and the Zero
Waste Alliance in Portland, OR.

AASHTO’s Center for Environmental Excellence website contains EMS resources developed for
the State DOT EMS Workshop in August 2003, including an 11-step EMS “roadmap” for DOTs.

2.4. OPERATIONAL CONTROLS, PROCEDURES, AND PRACTICES

To implement an effective environmental management system, an organization must identify
those operations and activities that are associated with the identified significant environmental
aspects in line with its policy, objectives and targets. An organization then must plan those
activities, including construction and maintenance, in order to ensure that they are carried out
under specified conditions in order to ensure that the desired environmental objectives or
outcomes are achieved. To accomplish this, organizations typically establish and maintain
documented procedures to cover situations where the absence of such procedures could lead to
deviations from the environmental policy and the objectives and targets.

Procedures and Manuals

Procedures are commonly established for both wide and highly specific areas of construction and
maintenance. Procedures and manuals support environmental stewardship as they function to:

e Provide guidance for employee performance and decision-making.
e Reinforce DOTs’ stewardship commitments.

e Help reduce the potential for internal and external conflicts about authorization for
stewardship-related activities.

e Help ensure consistency in the completeness, accuracy, and currency of environmental
instructions and documents and the delivery of this information to the appropriate
audiences.
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e Help DOT employees and contractors comply with current environmental commitments
and requirements.

e Reduce the number and cost of environmental incidents as well as agency risk.

Typically DOTs already maintain Standard Specifications and Maintenance Activity Manuals.
In some cases, stewardship performance could be enhanced by adding expected environmental
practices that should occur in conjunction with the activities outlined in the specs or maintenance
activity manual. It is hoped that this research project will provide a further source of such
practices. Common activities for which subject specific guides have been developed include
erosion control, herbicide application, or facilities maintenance. Few states have developed
guides to the environmental aspects of maintenance and operations on a broader level, though a
few excellent examples exist, including the NYSDOT Environmental Handbook for
Transportation Operations, NCDOT Best Management Practices Manual for Construction &
Maintenance, and the New Brunswick DOT Field Guide for Construction & Maintenance
Operations. NYSDOT and NCDOT have generously made their manuals available for other
states to copy and use. Virginia DOT is starting to develop standard operating procedures for
environmental practice in maintenance operations. Maryland SHA is working on an
Environmental Maintenance manual as well. Neither of the latter were developed to the point
that they were available for use in drafting this document.

Oregon DOT’s Routine Road Maintenance Water Quality & Habitat BMP Guide, Minnesota’s
Best Practices Handbook on Roadside Vegetation, Washington State DOT’s Best Practices
Handbook on Roadside Vegetation, Caltrans Storm Quality Practice Guidelines, MDT’s Erosion
and Sediment Control Best Practices, and the Transportation Association of Canada’s Syntheses
Of Best Practices in Road Salt Management all cover narrower sets of BMPs. These
compilations were primary sources for best practices in the wider compendium of DOT
environmental stewardship practice.

Overviews of a selection of these manuals follows:

New York State DOT Environmental Handbook for Transportation Operations

NYSDOT’s Environmental Handbook for Transportation Operations was developed to provide
NYSDOT personnel with general awareness of and guidance on the primary requirements that
apply to the types of activities conducted by NYSDOT Operations, to further adherence to
NYSDOT stewardship commitments. It was published in 2001 and reviews typical issues
operations and maintenance staff may encounter, as well as other issues that may require more
assistance from Landscape Architects or Environmental Specialists and Coordinators. The
manual covers work in the right-of-way and especially sensitive environments therein, as well as
facility-based activities conducted at a residency or shop. With the exception of sensitive
environments, the manual presents environmental requirements and considerations in the context
of the operation or type of facility or equipment most affected by the issue. NYSDOT’s
Environmental Handbook for Transportation Operations is available on-line.

Mass Highway’s Facility Environmental Handbook

Mass Highway published a Facility Environmental Handbook to provide guidance on conducting
operations in compliance with environmental requirements, containing standard operating

procedures and maps to identify structures and environmentally sensitive areas such as wetlands.
The handbook is used to train Mass Highway personnel on an annual basis. The department also
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has an EMS manual, associated operating procedures, and an EMS website. A committee with
District Maintenance Engineers was established to define roles, which are reviewed annually
during training events for all facility personnel (training in off season time). Mass Highway’s
Standard Operating Procedures reference these roles and responsibilities.

North Carolina DOT BMPs for Construction and Maintenance Activities

Published in 2003, NCDOT’s BMP manual for construction and maintenance activities focuses
on activities that impact water quality and waters of the state, and practices to avoid or minimize
those impacts during normal construction, maintenance, and emergency repair situations. The
Project Planning and Preconstruction section describes the actions that should be performed prior
to any construction or maintenance activities. The General Project Construction
Practices/Operations section provides an overview and general guidance for field
personnel/contractor to be applied to all projects and activities within or adjacent to jurisdictional
areas. Specific construction practices are identified and guidance provided so the project can be
completed in an environmentally responsible manner. This section also identifies appropriate
BMPs, provides a general overview of the construction sequence as it relates to protecting
jurisdictional areas, and highlights specific conditions that must be followed in order to be in
compliance with NCDOT Environmental Stewardship Policy, as well as State and Federal
regulations. The last section of the manual includes activity-specific information for each
individual BMP such as where the practice is and is not applicable, construction standards,
maintenance requirements, and typical problems. Some of the BMPs identify the appropriate
NCDOT standard and specification for proper construction. While providing guidance to
construction crews when working within and adjacent to jurisdictional areas, the manual aims to
provide flexibility to the crews to choose which method is suitable for each given situation. The
NCDOT Best Management Practices Manual for Construction & Maintenance is available on-
line.

Oregon DOT Right-of-way BMP Manual

The Oregon Department of Transportation (ODOT) first developed a program to minimize
impacts to water quality from routine road maintenance activities in January 1995. A team of
maintenance managers, field staff, and environmental staff reviewed maintenance activity for
potential impacts to water quality and developed best management practices (BMPs) to minimize
those impacts. The review was documented in the Oregon Department of Transportation
Maintenance Management System Water Quality Guide and submitted to the Oregon Department
of Environmental Quality (DEQ) as part of the ODOT National Pollutant Discharge Elimination
System (NPDES) Municipal Separated Storm Sewer System (MS4) permit requirements under
the Clean Water Act.

In 1997, a similar team reviewed maintenance activities for impacts to habitat, with an emphasis
on habitat and fishery resources that are listed as threatened or endangered under the Federal
Endangered Species Act. This review was documented in the Oregon Department of
Transportation Maintenance Management System Water Quality and Habitat Guide: Best
Management Practices, June 1997. The 1997 document served as the foundation for a
Programmatic Biological Assessment on certain ODOT road routine maintenance activities that
evolved into an updated manual in 1999 with more thorough descriptions of an extensive list of
routine maintenance activities and accompanying minimization/avoidance actions, ODOT’s
training program for routine maintenance and environmental considerations, letters of
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commitment from the agency directors, relevant references or examples, and description of the
process for review, documentation and monitoring implementation and effectiveness of
maintenance actions. In addition, the manual includes appendices on:

e Guidelines for maintaining water quality in snow & ice operations

e Guidelines & criteria for stream-road crossings

e Guidelines for timing of in-water work to protect fish & wildlife resources
¢ Guidance for maintenance activities in wetland ditches

e Guidelines for bridge washing

e Guidance for emergency highway repair

ODOT is now in the process of updating the Manual and the accompanying 4(d) rule with
NOAA Fisheries and the Corps. ODOT’s BMP manual is available online.

Standards & Measures for Implementing Environmental Programs & Process
Improvements: ISO 14001 Practices

As with other aspects of an overall environmental management system, international standards
provide a guideline. ISO 14001 Section 4.3.3 says that such environmental management
programs, established by an organization to achieve their objectives and targets, should include:

e Designation of responsibility for achieving objectives and targets at each relevant
function and level of the organization.

e The means and time-frame by which they are to be achieved.
e A defined period of time between audits of how the system or program is functioning.

e A process for ensuring that new developments and new or modified activities, products or
services, program(s) are covered and the plan/program amended.

Thus an EMS auditor would look for the following in evaluating implementation of
environmental programs:

e Awareness of roles and responsibilities for achieving objectives and targets.
e Progress on each environmental management program.
e Adequate resources to achieve objectives and targets.

e Appropriate changes to environmental management programs as changes occur within
the organization.

Communications

Suggested standards with regard to communications regarding setting environmental priorities
and setting and implementing an environmental management system include the following (ISO
14001, section 4.4.3), which DOTs may want to consider as suggestions for non-EMS certified
environmental management systems:

e The organization shall establish and maintain procedures for (and be able to evidence):
Internal communication between the various levels and functions of the organization.
Receiving, documenting and responding to relevant communication from external interested
parties.
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e The organization shall consider processes for external communication on its significant
environmental aspects and record its decisions.

Documentation

Organizations which develop environmental management systems and programs should establish
and maintain information, in paper or electronic form to describe the core elements of the
management system and their interaction and to provide direction to related documentation.

State DOTs developing formal environmental management systems often develop an EMS
manual and a list of EMS documents and referenced procedures. Though this is not a
requirement of the international standard (ISO 14001, section 4.4.4), it helps prove to regulators
and auditors that the system is indeed in place.

Documentation is considered to occur at several levels:
e Level 1: Policy
e Level 2: Procedures — who, what, when, where (4.4.6(a), 4.5.1) and other documents

e Level 3: Optional Job Instructions — Describes how tasks and specific activities are
done

e Level 4: Other documents prompting recording of evidence of conformity/compliance to
requirements (See Records: 4.5.3)

Records, a Level 4 form of documentation, include training records, calibration checks and the
results of audits and reviews. ISO 14001 requires certified organizations to establish and
maintain procedures for the identification, maintenance and disposition of environmental
records, so that

e Environmental records shall be legible, identifiable and traceable to the activity, product
or service involved.

e Environmental records shall be stored and maintained in such a way that they are readily
retrievable and protected against damage, deterioration or loss, (e.g. back-up systems).

e Retention times shall be established and recorded (e.g. a record retention schedule).
Overall, the extent of documentation an organization chooses to undertake should depend on:

e Size and type of organization

e Complexity of products and processes

e Customer and regulatory requirements

¢ Industry standards and codes

e Education, experience, and training

e Workforce stability — a very stable workforce may require less documentation of
procedures, etc.

e Past environmental problems

Document Control

As managers of very large quantities of documents, whether required by federal law or necessary
for design, construction, and maintenance, DOTs face the challenge of document control.
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International standards for document control, as enunciated in ISO 14001 section 4.4.5 require
that the organization shall establish and maintain procedures for controlling all documents
required by this International Standard to ensure that:

e They can be located.

e They are periodically reviewed, revised as necessary and approved for adequacy by
authorized personnel.

e The current versions of relevant documents are available at all locations where operations
essential to their effective functioning of the environmental management system are
performed.

Obsolete documents are promptly removed from all points of issue and points of use, or
otherwise assured against unintended use.

Any obsolete documents retained for legal and/or knowledge of preservation purposes are
suitably identified.

e Documentation shall be legible, dated (with title, document #, dates of revision) and
readily identifiable, maintained in an orderly manner and retained for a specified period.

e Procedures and responsibilities shall be established and maintained concerning the
creation and modification of the various types of document.

Thus an EMS auditor will look for periodic review of documents, availability and accessibility of
documents, document control methods for electronic and hard-copy documents, and
responsibilities and authorities for creating and modifying documents.

To date, most DOT document control initiatives have focused on NEPA documents and the
project development process. Pertaining to construction and maintenance, several states have
begun efforts to document and ensure communication of and follow up on environmental
commitments that have been made, through NEPA and other environmental approval and
permitting processes. These stewardship practices are described further under the section on
“Environmental Commitment Tracking.”

Standards for Evaluating Procedures

For an environmental management system organization-wide or in a specific area of the
organization, an auditor for ISO 14001 (section 4.4.6) would look for:

e Evidence that operations/activities linked to significant aspects have been identified

e Appropriate documented procedures and work instructions related to significant
activities, products, services

e Applicable communication with suppliers and contractors pertaining to significant
aspects

Standards and Measures for Emergency Preparedness and Response Procedures

DOTs and other organizations are required to establish and maintain procedures to identify
potential for and respond to accidents and emergency situations, and for preventing and
mitigating the environmental impacts that may be associated with them. Spill prevention and
control is the most common emergency preparedness and response requirement.

81



ISO 14001 sets standards for emergency preparedness and response (section 4.4.7) as follows:

e The organization shall review and revise, where necessary, its emergency preparedness
and response procedures, in particular, after the occurrence of accidents or emergency
situations

e The organization shall also periodically test such procedures where practicable.

An EMS auditor would utilize measures such as those that follow to assess the adequacy of
emergency preparedness and response:

¢ Plans and procedures for potential or actual accidents and emergencies
e Review and revision (if necessary) of emergency procedures following an incident
e Evidence that emergency procedures are periodically tested (if practicable)

e Appropriate training of personnel involved in emergency preparedness and response

FHWA and AASHTO On-Line Clearinghouse for DOT Specifications

FHWA and AASTHO have established an online clearinghouse and electronic library where
users can search, review, cross-reference and download current specifications, supplements and
related documents from all 50 states, the District of Columbia and Puerto Rico.

DOTs can search any — or all — of the states (and AASHTO) for specifications in main categories
or search across all documents for key words included in a specification. Main categories
include: Grading, Pavements, Structures, Materials, Traffic control, and Surveying. Links are
also provided to transportation related ASTM specifications. An Innovative and Emerging
Specifications category can be searched for states specs and background information on design-
build, performance related, quality assurance and warranty.

Construction and Maintenance Decision Support Systems

The utility of Environmental Information Management and Decision Support (EIM&DSS)
software rests on the existence of well-designed business processes that agencies develop to meet
the environmental goals they set. EIM&DSS software provides the technical tools that
transportation planners and managers need to make better environmental decisions in the process
of doing a DOT’s work. Environmental information and decision support systems require data
about the environment in which a DOT is operating (environmental requirements and areas
requiring special management), and criteria or decision points associated with the various
construction or maintenance activities a DOT undertakes.

Decision support systems in maintenance address both the roadway and the roadside. Roadway
concerns can be categorized by season. During good weather and/or the construction season,
pavement maintenance is the dominant on-road concern; to this end, some states have evolved
sophisticated pavement management systems to focus limited maintenance dollars to achieve the
maximum system preservation and pavement smoothness. Winter decision support systems have
centered around Roadway Weather Information Systems (RWIS) to help guide decisionmaking
regarding snow and ice removal and prevention, and accompanying chemical applications.

ROW management is in the initial stages of exploration with regard to management via an
EIM&DSS.
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Environmental Information Management and Decision Support Systems are already in place at
many DOTs to support pavement and/or bridge management. Now Environmental Information
Management and Decision Support (EIM&DSS) are being developed for other key aspects of
construction and maintenance. Practice areas and leaders in the field are noted below:

Maintenance Facilities Management and Auditing
e Texas DOT is undertaking Pollution Prevention Audits of facilities.

e Maine DOT has developed an EMS for all maintenance facilities, associated procedure
manuals, and annual audits of all facilities.

e Mass Highway’s EMS focuses on hazardous materials and hazardous waste management
underground storage tanks, wetlands, water quality, and solid waste. Management
System Improvement and Implementation plans are in place for all areas.

Stormwater Facility Evaluation and Prioritization of Improvements

e MDSHA has developed a thorough and duplicable grade-based rating system for
stormwater management facilities and has developed an inventory, database, and photo
record of all facilities statewide and their maintenance status. Under the rating system,
those graded A or B are considered functionally adequate. As of late 2003, between 73
and 75 percent of MDSHA stormwater were functionally adequate (A=everything fine,
working fine, no maintenance required, B= minor maintenance, need mowing or trash
removal), leaving approximately 25 percent needing maintenance or retrofitting to
achieve functional requirements. MDSHA aims to have 80 percent or more of SHA
stormwater management facilities rated functionally adequate by 2006, and 95 percent of
facilities by 2010.

Culvert and Fish Passage Evaluation and Prioritization of Improvements

e Oregon and Washington DOTs have worked with their state resource agencies to survey
culverts statewide and develop systems to identify and prioritize those that need
improvement.

Selection of Appropriate Environmental Measures

e NCHRP 25-25(01) is developing a decision support system for selection of water quality
control best management practices (BMPs).

e NCHRP 25-27 and current projects underway by the Western Transportation Institute
will develop decision support systems for selecting wildlife passage measures.

e NCHRP 24-19 is developing a decision support system for selecting environmentally
sensitive bank and erosion control (bioengineering) measures.

Field Compliance Management

e Maryland State Highway Administration tracks NEPA document mitigation and project
commitments at the 30 percent, 65 percent, and 90 percent design completion stage or
when major design modifications are proposed.

e For large and environmentally controversial projects such as the Woodrow Wilson
Bridge, MDSHA has developed a comprehensive tracking system database using
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Microsoft Access to track 1200+ ROD commitments and permit special conditions. A
1:400 scale map/plan was developed for each contract depicting permitted impacts.
Tracking reports from the database are created for each of 24 construction contracts and
compliance is documented in concert with daily compliance inspections. A final
compliance tracking report is produced at the close of each contract, complete with a
narrative. As part of the final report, MDSHA will show the as-built version of the
impacts and compare those to the permitted impacts. The system has also enabled
MDSHA to show reductions from anticipated permanent impacts to the environment, due
to careful management and minimization efforts throughout each contract. MDSHA is
working to create a less labor intensive, statewide system for all NEPA EA and EIS
projects.

e To achieve their stewardship planning goal of 100 percent compliance with erosion and
sedimentation control requirements on all SHA construction projects, MDSHA is seeking
to raise the bar on its past performance measure of ratings of B or better on 90 percent of
construction projects annually to achievement of 100 percent compliance in construction.
In addition to tracking performance on all construction projects, Maryland is considering
certification and recertification of inspectors, contractors, and designers. Certification
would require refresher courses and certification that could be lost for poor performance.

Roadside Vegetation Management

e Washington State DOT has a Maintenance Accountability Program and measures
performance of both road and roadside maintenance activities.

e WSDOT also has a system for evaluating, monitoring, and addressing Slope Failures and
Chronic Environmental Deficiencies in the ROW.

e Oregon DOT has surveyed all state roadsides for environmentally sensitive areas and
incorporated that information in a GIS and activity maps for maintenance which indicate
what activities are allowed and limitations in place where maintenance activities occur.

e MDSHA and other DOTs are tracking reductions in infestations of noxious weeds, to
meet reduction goals.

Winter Operations

Road Weather Information Systems are being tied to increasingly finely tuned anti-icing and salt
application strategies. In turn, such systems are being connected to vehicle Geographic
Positioning Systems, materials usage, and labor management.

2.5. MEASURING ENVIRONMENTAL PERFORMANCE

The use of performance measures is steadily increasing at the federal and state level.(76) Forty
percent of the agencies in 39 states responding in a national survey reported that performance
measures are being utilized in over half of their department; an additional 33 percent said they
employed performance measures agency-wide and planned to increase their use of performance
measures in the next one to four years.(77) Use of performance measures continues to expand
as such measures facilitate evaluation of program effectiveness and communication and
decision-making among management.
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In his work, Getting Performance Measures to Measure Up, Allan Schick says “the great
mistake of the performance measurement industry is the notion that an organization can be
transformed by measuring its performance....This optimism is not justified, for organizations —
public and private alike — can assimilate or deflect data on performance without making
significant changes in behavior. Performance information can affect behavior only if it is used,
and it is used only when there are opportunities and incentives to do so...(i.e.) organizational
change has to precede, not follow, performance measurement.”’(78) Essentially, the “why” must
come and sufficient opportunity must arise before “how” comes into play. Strategic planning
and quality improvement programs seek to provide the larger context and driver for measurable
improvement in performance.

The central function of any performance measurement process is to provide regular, valid data
on indicators of performance outcomes; however performance measures should also include
information that helps managers measure the incoming workload and gain insight into causes of
the outcomes.(79) Performance measurement also allows an organization to express the intent of
its strategy and how that strategy connects with everyday operations. Such systems create an
essential feedback and learning mechanism in support of key management decisions.(80)

Special Challenges with Environmental Measures

As noted in the April 2000 GAO Report on Managing for Results: EPA Faces Challenges in
Developing Results-Oriented Performance Goals and Measures, the limited availability of data
on environmental conditions and the effects of pollutants is a major challenge in establishing a
relationship between a program’s activities and resulting changes in the environment.(§/) For
many DOTs, one of the biggest obstacles is lack of data on the environment and the expense of
collecting it, from just knowing what is there to having the resources or incentive to perform
water quality monitoring at outfalls. The long-term nature of environmental programs means
that data needed to illustrate effectiveness or for annual performance goals and measures is often
not available.

While a few DOTs have maintained that it is the resource agency’s job to collect this data and
make it available, usually DOTs go through an expensive primary data collection process to
evaluate impacts, on a project-by-project basis. Some have funded or participated in funding
entire statewide data layers for resources of interest, in order to facilitate earlier review and
higher-level inferences regarding what resources are present, could be impacted, and should be
avoided where possible. According to the author’s survey, about one seventh of state
transportation agencies have invested in DOT-led identification of high quality natural resources.
These states include Kentucky, Louisiana, Minnesota, New Mexico, Ohio, Oregon, and South
Carolina. A similar number say they have delineated wetlands programmatically, statewide
(Maryland, New Jersey, New York, Ohio, and South Carolina). Florida DOT developed a
university partnership to create and manage/maintain data layers of interest to the DOT.(82)

Individual Performance Accountability

Performance measures can track what the agency wants and needs from its stakeholders,
especially employees. Many DOTs utilize so-called performance measures to indicate whether a
specific objective outlined in a quarterly or annual performance plan has been achieved. Often
these program outputs are merely whether an action has been performed or not, such as
development of an environmental guidebook or procedure. In some cases they involve
achievement of a specific level of performance relative to an established benchmark or
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operational target. More elaborate performance measures are often utilized in new positions
funded at resource agencies to account for the effectiveness and worth of the agency’s allocation
of resources in this new area.(83)

NYSDOT established a comprehensive evaluation system for new Construction and
Maintenance Environmental Coordinators (see Staffing section), to build support for the
positions within the agency, ensure that the positions were utilized for the intended purpose, are
providing requested services (outputs), and are addressing internal stakeholder needs.

A number of states have incorporated environmental accountability into annual performance
evaluation for more than new environmental positions, to add incentive for improved
environmental performance and, indirectly, greater satisfaction for external stakeholders.
Arizona, Indiana, North Carolina, New Mexico, New York, Pennsylvania, Rhode Island and
Utah have indicated they have incorporated environmental performance into annual evaluation of
design staff.(84 Arizona has added environmental performance evaluation for their maintenance
staff as well. Indiana, New York, Utah, and Virginia note they do so for both construction and
maintenance, while Montana does so for construction staff only.(85) A longer list of states do
not incorporate environmental outcomes into annual evaluations, but recognize outstanding
performance or environmental outcomes where they occur.(86)

Table 5: State DOTs Recognizing Outstanding Environmental Work

DOTSs providing individual recognition for outstanding environmental work in:

Planning CA, DC, DE, FL, IL, IN, MD, MI, NC, OH, PR, TX, WY

Design CA, CO, DE, FL, IL, IN, MD, MI, MS, NC, NM, NV, NY,
OH, PA, UT, WA, WI, and WY

Construction CO, DE, FL, IL, IN, MD, NM, NY, PA, TX, UT, WA, WI, WY

Maintenance CO, DE, FL, IL, IN, MD, NY, UT, WI, and WY

Program Measures for DOT Environmental Process Improvement Efforts, EMS, and
Strategic Plans

All state transportation agencies, including Puerto Rico and the District of Columbia, have
implemented process improvements or new practices designed to enhance environmental
performance.(87) Half of state transportation agencies have implemented environmental
advisory teams—comprised of a combination of partners and stakeholders at federal and state
agencies and even consulting firms—to identify opportunities for streamlining and process
improvements.(88) Often, the process improvement efforts outpace the development of
measures to formally track and report progress. However, some of these improvement processes
establish objectives that can then be measured or followed to ensure that the desired
improvements occur. Some examples follow.

Six Pillars at Oregon DOT

State DOTs often use a method similar to performance evaluation for individuals on a program
level; i.e. whether a number of one-time action items are completed during the reporting period
and ongoing action items are completed on time and within budget during the reporting period.
Stakeholder satisfaction remains an underlying purpose. For example, Oregon DOT will at least
partially evaluate the progress of their CETAS/6 Pillars Program on whether desired the desired
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six programs come into existence, including creation of a habitat bank, implementation of
resource mapping, and establishment of a working relationship with Forest Services and BLM.

Phase II of the CETAS process will utilize metrics to analyze a sample of projects with higher
potentials for environmental impacts:

e Improving perceptions of people involved in environmental process

e Number of state highway miles with up-to-date natural resource maps relative to total
that need mapping

e Number of culverts retrofitted for salmon relative to total needed

e Acres of habitat loss (used as a surrogate for predicted or potential project impacts)

e Predicted avoided, minimized, and mitigated impacts

e Acres of wetlands to be restored (indicating project mitigation and permit conditions)
e Number and acreage of mitigation projects successfully completed

e Actual project impacts

e ODOT and CETAS agency staff perceptions

New York State DOT Initiative Tracking and Participation in State Pollution Prevention
Audits

New York State DOT (NYSDOT) has focused on generating buy-in and rapid organizational re-
orientation, having made a pronounced, agency-wide commitment to environmental stewardship,
protection and enhancement of the environment wherever opportunities exist, rather than just
where mitigation is required. As such, NYSDOT has mainstreamed the agency’s environmental
ethic into a new way of doing business in planning, design, construction, maintenance and
operations.

Each of the 11 NYSDOT Regions and most of the Main Office Functional Units have an action
plan for their program to track progress toward the Environmental Initiatives’ major objectives.
The regional and program-specific action plans identify tasks to advance the plan’s main
objectives, responsible parties, completion dates, and reporting mechanisms. NYSDOT’s
Environmental Initiative activities are tracked at both the project and program level statewide.
Utilizing the Department’s automated Project and Program Management Information System
(P/PMIS), program managers select Environmental Initiative attributes for any particular project
as part of a general work type. This allows for the tracking and management of Environmental
Initiative work related to the Department’s capital construction program and maintenance
activities.(89)

In addition to tracking whether opportunities are being captured via the number of partnership
projects or degree of partnering that is occurring, whether training and piloting new approaches
is occurring and where environmental elements are being incorporated into projects, NYSDOT
also participates in state pollution prevention audits. These audits, focused on state laws,
primarily track incidents of spills, water quality, and air violations and report performance
trends.

NYSDOT has measured the progress they have made toward environmental stewardship by a
number of organizational and procedural milestones. These accomplishments have included
garnering high level leadership and a mandate, an agency-specific environmental mission, goals
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and Environmental Stewardship Action plans with monthly progress reports in each unit of the
agency. Revised guidance and procedures on implementing environmental stewardship goals,
and training and outreach materials on the initiative have also been implemented and tracked.

Maine DOT’s EMS Performance Measures
Performance measures currently being tracked for the Maine DOT’s EMS include:

e Number of violations of environmental and OSHA standards at MDOT facilities
(standard is zero violations).

e Percent closure of corrective actions from audits within 12 months (standard is 100
percent).

e All facilities audited every 3 years.

North Carolina DOT’s Delegated Sediment and Erosion Control Program

North Carolina DOT (NCDOT) has its own sediment and erosion control program, with
regulation and enforcement delegated by the N.C. Sedimentation Control Committee and
Department of Environment and Natural Resources (DENR). NCDOT prepares, reviews, and
approves its own sediment and erosion control plans for land-disturbing activities associated with
highway construction and maintenance and self-monitors to ensure department compliance with
program requirements. NCDOT also evaluates and rates levels of field implementation.

NCDOT Roadside Environmental units continuously track field compliance with the delegation
agreement, in particular:

e Program outcomes
e Number of Immediate Corrective Actions issued to project staff
e Number of Notices of Violation issued to NCDOT

These measures are of great interest to DENR and the Sediment Control Commission, which
review the delegated program on an annual basis. WisDOT is working on a similar continuous
improvement process for the state’s TRANS 401, which regulates erosion control and
stormwater management for WisDOT projects.

New Mexico State Highway and Transportation Department Environmental Measures

The New Mexico State Highway and Transportation Department (NMSHTD) has affirmed a
commitment to be environmentally responsible in the agency’s vision statement, to be
implemented through open, collaborative, ongoing involvement by the public and agencies in the
agency’s project development process and a commitment to not only protect but to enhance
resources and community values. Engineering and environmental staff evaluate each project for
which EISs, EAs, or complex categorical exclusions are prepared, on a scale of 1 to 3 for each
project (maximum score = 15) once a year. Projects are classified as follows: 13-15 = high, 9 -
12 = medium, 5 - 8 =low. The five criteria are:

1. Public Involvement—Was the public involvement program multifaceted, proactive,
responsive, and innovative?

Community Impacts—Were community values enhanced, left whole or reduced?
3. Resource Impacts and Mitigation—Were natural and cultural resources enhanced, left
whole or reduced?
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4. Agency Coordination—Was agency coordination multifaceted, proactive, responsive, and
innovative?

5. Decision Process—Were alternatives considered openly and collaboratively with
stakeholders?

NMSHTD tracks the percentage of projects in each category and progress toward raising the bar.
The Department has collected information for over four years. The effort is similar to
NYSDOT’s in that it has been relatively non-threatening to program staff, since they are doing
the evaluating. The agency may collect other agency and stakeholder input on performance
according to their environmental responsibility goal in the future.

New Brunswick DOT, Canada, Environmental Measures

New Brunswick DOT’s Environmental Protection Plan commits the agency to monitor and
measure the following few areas:

e The number of employees educated/trained in the protection of the environment and the
quality of those initiatives.

e Environmental protection activities at DOT facilities.
e Progress in the implementation of road salt management initiatives.

e Progress in environmental planning for proposed highway projects that fall under
environmental impact assessment (EIA) legislation.

Pennsylvania DOT SEMP Maintenance Performance Measures

Pennsylvania DOT (PennDOT)’s goal is that transportation development and operations should
be sustainable; i.e. have minimal negative effects on the environment. Supporting that goal,
PennDOT is developing and implementing a program to analyze environmental impacts on the
corridor level and to integrate, promote, and practice environmental stewardship throughout the
Department. PennDOT’s general performance indicators include measures of time and cost
savings, quality measures of products and services delivered, indicators of greater stakeholder
trust, and whether process standardization and delegations of environmental responsibility are
achieved. Within Maintenance and where EMSs are in place, PennDOT uses the following
performance measures pertaining to the environment.

Example 2: PennDOT Maintenance Performance Measures Pertaining to Environment

Snow Removal

Salt Usage per Snow Lane Mile (Ibs) 250 Ibs.
Percent of Material (salt, skid) Deliveries with Penalty <10%
Highway and Roadside Beautification

Rest Area and Other QA Results (Avg. Scores) >4.0
Percent of Interstate Mowing Plan (July 4th) Milestones Met 80-90%
Percent of System Mowing Plan (Aug. 15th) Milestones Met 80-90%
Percent of Weekly Litter & Debris Pick-ups on Interstates and Look-a-Likes Milestones Met 75-90%
Percent of Deer Carcass Pick-ups within 24 hours 70-90%
Stockpile QA Results (Avg. Scores)* >4.0
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Environments/Stewardship

Percent of Projects with No Permit Violations 100%
Percent of District SEMP Milestones Met 70-100%
Percent of SEMP Team’s Milestones Milestones Met 80-100%
Number of Counties meeting Stockpile Gold/Silver Award Criteria 5

Total Quality Management

Percent Completion of Business Plan Items 25
Percent of Gap Closure Processes (SAGA/ORP) Milestones Met 80%

# of Process Improvements completed on process maps 80%

*For more on Stockpile quality assurance and associated measures, see the Maintenance Facilities section of this document.

WSDOT’s Maintenance Accountability Process and Environmental Factors

WSDOT has developed a Maintenance Accountability Process (MAP) tool and field manual to
measure and communicate the outcomes of maintenance activities and to link strategic planning,
the budget, and maintenance service delivery. Twice a year, field inspections are made of
randomly selected sections of highway. The results are measured, recorded and compared to the
MAP criteria to determine the level of service (LOS) delivered.

For example, WSDOT’s roadsides are maintained to fulfill highway objectives in four functional
categories: operational, environmental, visual and auxiliary. The Operational category includes
those functions that provide safe and multi-use roadsides. The Environmental category includes
those functions that protect and enhance natural and built surroundings. Visual functions
promote a positive quality of life and are integral to the other functions. Auxiliary functions are
those that supplement the transportation system, such as safety rest areas. The primary elements
of roadside maintenance include, vegetation management, litter control and maintenance of
safety rest areas.

Results are summarized annually, such as in the September 2003 Field Data Collection Manual,
which includes the following A (blue) through F (red, none) grades for drainage maintenance
and slope repair and roadside vegetation management.

Figure 1: Sample WSDOT Annual Maintenance Accountability Process Results

Group - 2 Drainage Maintenance and Slope Repair

2A1 Maintain Ditches v ®
2A2 Maintain Culverts v
2A3 Maintain Catch Basins and Inlets v’ O)
2A4 Maintain Detention/Retention Basins v
2A5 Slope Repair v ®
Group - 3 Roadside and Vegetation Management

3A1 Litter Pickup v
3A2 Noxious Weed Control v ®
3A3 Nuisance Vegetation Control v
3A4 Contral of Vegetation Obstructions
3A5 Landscape Maintenance v ®
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Further details about the methodology of measurement in these areas follow:

Drainage Ditches

Units of Measure: Total linear feet of ditch, per 0.10 mile section; total linear feet of filled ditch,
per 0.10 mile section.
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Threshold: Count as deficient all ditches which are 50% or more full.

Methodology: Measure all ditches within the section and record the total linear feet of ditches.
Measure and record the linear feet of ditch that is 50% or more full of sediment or other material.

For purposes of this survey, to be considered a ditch the structure must be designed and
constructed to carry water — not a natural swale, or must be maintained as a ditch by
Maintenance.

Comments: Streams adjacent to the roadway are not considered ditches. Standing water (tidal or
non-tidal) in ditches is not a deficiency. Vegetation growing in the ditch is not a deficiency.
Ditches designed solely to capture rock fall shall not be considered a ditch for this survey.(90)

Culverts

Unit of Measure: Total number of culverts, per 0.10 mile section. Total number of culverts
greater than or equal to 50% filled or otherwise deficient, per 0.10 mile section.

Threshold: Count as deficient if:
1. Any portion of the culvert is 50% or more filled with sediment or debris, or
2. Any end is significantly crushed or deformed, or

3. The volume of the inflow or outflow is reduced 50% or more by obstructions such as
rocks, vegetation, or woody debris, or

4. The pipe is separated 1” or more, or damaged in a way that the function of the culvert is
causing significant damage to the roadway prism or adjacent drainage channel.

Methodology: Count and record all culverts within the section. Count and record any culvert that
is 50% or greater filled or otherwise deficient. Evaluate only those culverts that cross state
highways or county roads at their intersection with state highways. Do not count culverts under
private access roads.

Comments: Vegetation obscuring the end of a culvert is not a deficiency unless it obstructs the
flow of water. Standing water (tidal or non-tidal) in ditches is not a deficiency. Culverts
designed to be half filled with gravel for fish habitat should not be rated as deficient.(9/)

Catch Basins / Inlets

Inlet Pipe, Outlet Pipe, Flow Line, Elevation, Catch Basin or Grate Inlet, Grate Ground
Elevation, Silt Storage, Capacity Varies

Units of Measure: Total number of catch basins and drain inlets, per 0.10 mile section; total
number of catch basins and drain inlets that are deficient.

Threshold: Count as deficient any catch basin or drain inlet that has:
1. 50% or more of the inlet grate blocked with debris, or

2. The catch basin has sediment buildup that reaches or exceeds the flow line elevation of
the outlet pipe.

Methodology: Count and record the total number of catch basins and drain inlets in the section.
Count and record the number of catch basins and drain inlets blocked by debris or catch basins
filled with sediment.

Comments: Both catch basins and drain inlets are rated for blockage of the inlet grate. Only
catch basins are rated for sediment build-up. A flashlight and/or probe may be needed to
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determine if the structure is a catch basin (i.e., has silt storage capacity) and whether it is
deficient.(92)

Slope Failures

Unit of Measure: Total number of slope failures, per 0.10 mile section.

Threshold: Only count as deficient a slide or erosion that is at the time of the inspection:
1. Jeopardizing the structural integrity of the shoulder or traveled lane(s), or
2. Blocking the shoulder or traveled lane(s), or blocking the ditch, or
3. Jeopardizing the structural integrity of guardrail or traffic signs.

Traffic may move slower through the area or lanes may be reduced, causing intermittent
stoppages. Erosion or slides not meeting the thresholds above shall not be considered deficient.

Methodology: Determine and record the total number of slope failures found within the survey
section. Both fill and cut slopes can be affected.(93)

Comments: Chronic or ongoing slope failures that do not meet the criteria listed above at the
time of the survey are not to be counted as failures. Edge drop-off is not considered a slope
failure.(94)

Noxious Weeds - Weed Infestation
Units of Measure: Total square feet of infestation, per 0.10 mile section.
Threshold: Presence of noxious weeds on the roadside.

Methodology: Survey the roadside and determine the presence of any noxious weeds. Measure
the square feet of the infestation; the total square feet of infestation should not exceed the total
square feet of roadside.

Comments: Identifying noxious weeds can be difficult and is best done by a person trained in
weed identification. For assistance in identifying noxious weeds consultation with the area
roadside or spray crew is recommended.(95)

Nuisance Vegetation - Weed Infestation

Units of Measure: Total square feet of infestation, per .10 mile section.
Threshold: Presence of nuisance vegetation on the roadside.

Methodology: Survey the roadside and determine the presence of any nuisance vegetation.
Measure the square feet of the infestation; the total square feet of infestation should not exceed
the total square feet of roadside.

Comments: Identifying nuisance vegetation can be difficult and is best done by a person trained
in weed identification. For assistance in identifying nuisance weeds consultation with the area
roadside or spray crew is recommended.(96)

Vegetation Obstruction
Unit of Measure: Total number of vegetation obstructions per 0.10 mile section.

Threshold: Vegetation blocking sight distance to guide or regulatory signs, or intersections as
seen from the driver’s perspective.
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Methodology: Measure and record total number of instances where vegetation obstructs sight
distance to signs or intersections. For example, if a survey site has two blocked signs and one
blocked intersection the surveyor shall record 3 vegetation obstructions on the survey form.

Comments: For the purpose of judging adequate site distance for this survey, signs and
intersections should be visible from distances of:

e Freeways 800 feet min.
e Rural roads 500 feet min.
e Urban roads 200 feet min.(97)

Litter
Unit of Measure: Total number of litter counted, per 0.10 mile section.
Threshold: Objects approximately 4 inches in any dimension or larger.

Methodology: Observe and record all litter 4 inches and greater.(98)

Measuring Environmental Qutcomes

Measuring environmental outcomes is a relative rarity at state transportation agencies, partially
due to the difficulties with environmental data discussed previously. All state DOTs track the
acres of wetlands impacted and acres of compensatory mitigation, to report to FHWA. Some
states subdivide this information by type of mitigation, type of wetland, or by watershed.

Washington State DOT’s Success Standards for Wetlands Restoration

Washington DOT tracks the number and total acreage of wetland impacts and mitigation projects
in the areas of wetland creation, restoration, enhancement, preservation, and upland buffers.
Washington State DOT has taken the further step of establishing interim and final success
standards for replacement wetlands, including the presence of a functioning hydrological system
and saturated soil conditions, vegetation characteristics of native plant species, and wildlife
habitat diversity, which will be described in greater detail below. Washington DOT has
integrated Environmental Performance reporting into its Quarterly Publication, “The Gray
Notebook.”

NCDOT’s Ecosystem Enhancement Program

NCDOT’s Ecosystem Enhancement Program, operated cooperatively with the Department of
Environment and Natural Resources, is considering tracking the following environmental
outcome measures:

e Number of acres of priority conservation areas acres protected annually by EEP (also
contributing to NC’s “Million Acres” Program, now “One North Carolina Naturally”).

e Amount of watershed improvement achieved after five or more years through appropriate
measures.

e Number of acres of wetlands, riparian and non-riparian, and feet of riparian areas (cold,
cool, and warm) impacted and replaced.

e Percentage of watersheds enhanced.
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e Replacement of all functions lost to impacts from transportation projects (replacement
unit less impacted unit is greater than or equal to zero).

Functional replacement will also be assessed and a rapid assessment technique is being
developed, to help assess the percentage of successful projects.

Utilizing a Combination of Program and Environmental Indicators

Maryland State Highway Administration Environmental Outcome & Program
Performance Measures

MDSHA is using a combination of program measures, outlined in the earlier section on
environmental objectives and targets, and environmental outcome measures. Program and
process measures which can be expected to yield quantifiable environmental benefits in some
cases include MDSHA'’s targets of meeting 100 percent of environmental commitments on
construction projects and achieving 100 percent compliance in implementation of erosion and
sedimentation control plans. The agency also has program, progress indicators such as achieving
an incompliance rating on their NPDES permit and implementing certain percentages of
upgrades in stormwater and industrial facilities by 2006 and 2010.

Washington State DOT’s Environmental Indicators and Public Reporting

Washington State DOT is seeking to measure environmental outcomes directly through their
wetlands replacement success evaluation effort. In 2000 and 2001 biologists monitored 62
WSDOT project sites ranging from one to eight years in age according to 240 individual
measurable standards, including area of buffer width around the entire wetland, whether habitat
for target species has been created, species diversity, food chain support, area of stream shaded
by vegetation, and area of shrub or forest cover. Such standards are comprised of “an observable
or measurable benchmark for a particular performance objective, against which the mitigation
project can be compared. If the standards are met, the related performance objectives are
considered to have been successfully achieved.”(99) Contingency measures specify corrective
action that will be implemented if a stated standard is not met within a specified period of time.
Like most other DOTs, WSDOT also tracks compensatory sites for which monitoring is
complete and wetlands that are still being monitored. Of the latter, WSDOT tracks those that are
meeting some, all, or no standards at the current time.

WSDOT is also seeking to measure a variety of environmental outcomes along with program
outputs and intermediate outcomes. In addition to WSDOT’s wetlands replacement success
evaluation and cost-benefit efforts discussed earlier, the agency is measuring:

e Construction site erosion control
e Fish passage improvements
o Number of culverts retrofitted for fish passage improvement
o Number of barriers removed as a major construction projects
e Recycled materials beneficial use
e Herbicide use

e Environmental documentation process, completion times
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e Number of non compliance events (self reported without violations, by regulatory area
and activity type) and notices of violations (citations)

e Turbidity upstream and downstream of construction sites (5 pilots)

The agency is also correlating the number of deer killed on state highways (a commonly tracked
item at state transportation agencies) with investments in fencing, specialized roadside reflectors,
wildlife crossings, and flashing signs to make inferences regarding effectiveness. Progress is
reported quarterly in the agency’s “Gray Notebook,” available on-line.

State Environmental Agency Reporting on the State of the Environment

Several states issue regular reports on the state of their environment, and are using the data
contained in those reports to move to a more performance-based system of environmental
management. The Florida Department of Environmental Protection is a leader in this area,
having issued its first Secretary’s Quarterly Performance Report in December 1997. The report
divides the department’s performance indicators into four tiers:

e Environmental and public health outcome indicators, which measure the effects of the
department’s action in the real world.

e Behavioral and cultural measures; which measure the department’s influence on the
actions of the regulated community and the public (such as regulatory compliance).

e Departmental outputs and activities, which measure the actions of the department’s
employees (such as issuing permits, conducting inspections, etc.).

e Resource efficiency, which measure how efficiently the department uses its budget and
manages its employees.

Based on this data, Florida attempts to measure its progress in protecting the environment and
identify those areas that need focused attention.

Minnesota and Washington both issued “state of the environment” reports in 2001. Minnesota’s
section on Land, Air and Water addresses transportation related impacts. Washington State’s
report addresses Stream Temperatures and Salmon, Air Quality, Hazardous Waste, Solid Waste
Disposal, and Spill Prevention, among other areas.

Canada’s Sustainable Transportation Indicators

Canada created a definition of a sustainable transportation system that with slight changes has
been adopted as a working definition by the Transport Ministers of the 15 countries of the
European Union. Their definition of a sustainable transportation system is one that: (/00)

e Allows the basic access needs of individuals to be met safely and in a manner consistent
with human and ecosystem health, and with equity within and between generations.

e [s affordable, operates efficiently, offers choice of transport mode, and supports a vibrant
economy.

e Limits emissions and waste within the planet’s ability to absorb them,
minimizes consumption of non-renewable resources, limits consumption of
renewable resources to the sustainable yield level, reuses and recycles its components,
and minimizes the use of land and the production of noise.
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To this end, Canada developed a number of indicators to measure progress toward sustainability.
Those include: (101)

Energy use for transportation as represented by consumption of non-renewable
resources such as fossil fuels. Canada found that energy use for transportation (in
petajoules) increased 21.5 percent between 1990 and 2000, even though population
growth accounted for only half of that.

Greenhouse gas emissions, (mainly CO2) which increased by a corresponding level.
Transportation was charged with contributing about a third of total emissions directly and
much more if its share of emissions from fuel production would have been counted. The
most important GHG emitted by transport is carbon dioxide (CO2), accounting for more
than 90 percent of transport’s contribution to the greenhouse.

Other, more locally acting emissions from transportation including carbon monoxide
(CO), sulphur dioxide (SO:), nitrogen oxides (NOx), and volatile organic compounds
(VOCs). Transportation’s approximate shares of total emissions in Canada are 65
percent for CO, 5 percent for SO2, 57 percent for NOx, and 28 percent for VOCs. The
last two combine to form ground level ozone, causing respiratory illness in people and
stunting plant growth.

Technological improvements and notably, the introduction in the 1980s of the three-way
catalytic converter to reduce emissions from gasoline-fuelled engines, enabled reductions in this
category, though particulates were not included in this index, due to unreliable measurement.

Safety. Contributing factors to the declines in road injuries and fatalities were drink-
driving laws, seat-belt laws, safety features in vehicles (e.g., airbags and better
brakes), and safety features in highway design (e.g., better alignments and signage),
along with enforcement of speed restrictions and safe-driving requirements.

Movement of people and freight, both of which increased between 1990 and 2000.
Freight movement, with an increase of 37 percent over the decade, more than doubled
movement of people.

Urban land use and land consumption. This indicator notes that “widespread
ownership of personal vehicles makes development possible at densities too low to
justify bus services. People who live in such development need to use their cars for
almost all the journeys they make. This leads to more car ownership and use and more
sprawl. The result is growth in the use of land for urban purposes (homes,

businesses, institutions, etc.) beyond the rate of population growth. In addition, low
density development can make rural areas less accessible to urban residents, causing
them to travel farther for recreation. Excessive use of land for urban purposes can
displace agricultural activity, requiring food to be shipped from greater
distances...Between 1971 and 1996, the amount of developed land per urban resident
increased by 28.9 percent, from 971 to 1,251 square meters. The total amount of land
used for urban purposes increased by 55.7 percent between 1981 and 1996, from 18,015
to 28,045 square kilometers. The increase corresponds to about 1.4 percent of Canada’s
agricultural land.”

Household spending on transportation, which increased from 16.1 percent to 19.2
percent between 1982 and 2000. The increase involved two steep rises: between 1982 and
1986, and between 1998 and 2000. Closer analysis of the household spending data
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shows that what increased the most were the costs of car purchase and other fixed costs,
e.g., insurance. Real spending on fixed costs—mostly car purchase— increased by 69.2
percent between 1982 and 2000. Real spending on operating costs, mostly fuel,
declined by 0.8 percent between 1982 and 2000.

e Technical performance of road vehicles, specifically how much energy they use,
which provides detail about an aspect of total energy use by transportation. The main
contributing factor to these changes were growth throughout the 1990s in the proportion
of fuel hungry sport-utility vehicles (SUVs), minivans, and light trucks in the
personal vehicle fleet. In the second half of the decade, this factor was offset by
reductions in the fuel intensity of other vehicles, notably heavy trucks.

e Emissions per unit of transport activity. Substantial improvement in technical
performance of vehicles with regard to emission reduction over the decade has largely
been offset over the past five years by more vehicles on the road and an increase in
vehicle miles traveled.

Environmental Auditing

DOTs have begun to establish programs and procedures for periodic auditing of environmental
performance and management systems in order to determine whether planned arrangements are
implemented and working.

Environmental audits have been defined as systematic and documented verification processes to
objectively obtain and evaluate evidence to determine whether an organization is in conformance
or compliance with commitments (legal requirements, internal policies, adopted standards, and
defined procedures) and to ensure that necessary corrective actions are made in a timely manner.
Audit protocols are often written documents, checklists, procedures or guides used to define the
audit scope, to assist the auditor with completing the required elements of the audit plan, and to
assist the audit area in preparing for the audit.

New South Wales Construction Auditing Program

Within the New South Wales, Australia, Roads and Traffic Authority (RTA)’s EMS,
environmental auditing is one way the RTA assesses its performance in environmental
management, identifies areas where improvement is needed, and demonstrates the due diligence
of both the RTA organizational management and its employees. The RTA defines
environmental auditing as a “systematic, documented verification process of objectively
obtaining and evaluating evidence to determine whether specific environmental activities, events,
conditions, management systems or information about these matters conform to audit criteria and
communicating the results of this process.”(/02)

The NSW RTA established guidelines to provide a structured approach to environmental
auditing with risk assessment of projects influencing audit frequency./03 An environmental
audit, which examines the management systems and their implementation through both
documentation and reporting and their translation into on-the ground results, can retrospectively
examine the performance of the project, and give a context against which to assess the current
performance. Records of inspections are brought together as part of the audit documentation for
examination. Environmental audit findings enable the RTA to answer the following questions:

e Are RTA’s environmental policies, strategies and guidelines being complied with?
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e Are environmental goals, objectives, and targets set by the RTA being achieved?
e What opportunities exist to improve environmental performance?

e Are the current environmental management systems and requirements relevant and
effective in achieving the RTA’s goals?

e Are regulatory requirements being met?

e Isthe RTA, through the contractor, meeting its legislative duty of care and exercising due
diligence?

e What corrective action should be taken?

e Are regular management reviews conducted to find ways to improve environmental
performance?

At the New South Wales, AUS, Roads and Traffic Authority, the assessment and determination
of a “generic” or “activity specific” Review of Environmental Factors establishes the
environmental measures that are required to be translated into day-to-day construction and
maintenance. For construction projects, the RTA notes that its environmental performance
hinges on how well environmental safeguards are implemented, maintained, monitored and
rectified, and how appropriate follow through occurs, both in construction and in operation and
maintenance. The NSW RTA charges project managers with ensuring that conditions of project
approval are an integral part of procedures for detailed design, tender documents, tender
assessment, construction management, maintenance and auditing. All monitoring requirements
arising from source documents are included in Environmental Management Plans (EMP) for
projects and sets of maintenance activities. The Contractor’s EMP and its implementation are
subject to the same quality assurance and audit procedures as other aspects of the project;
auditing is undertaken against the conditions of approval and against individual elements of the
EMP.

A Verification Report is prepared to establish how well the contractor’s performance matches the
requirements of the EMP. NSW RTA'’s “hand off” procedure attempts to “ensure the continuing
highest standards of environmental management after completion of construction” by confirming
that the environmental undertakings in relation to construction have been completed
satisfactorily and passing on to the Maintenance Engineer/Bridge Maintenance Engineer the
environmental undertakings in relation to operation and maintenance.

The RTA generally adopts a partnering, non-adversarial approach to contract management. The
partnering approach is supported by quality assurance to enhance accountability by the
contractor for the delivery of the contract requirements. For the RTA, auditing is an essential
component of quality assurance procedures and is the principal method of independently
verifying that the contractor is carrying out its responsibilities and is achieving the desired
environmental outcomes. The RTA’s audits and surveillance of the contractor’s activities
complements the contractor’s monitoring and internal auditing, all of which will demonstrate
both the contractor’s and RTA’s duty of care for environmental issues.

To ensure the environmental issues of a Region or Branch are effectively managed, Region and
Branch Environmental Audit Plans are developed. The Plans set directions and document the
Environmental Audit Programs for Business Units within the Region or Branch. The
Environmental Audit Plan includes:

e A compilation of the Environmental Audit Programs currently being carried out
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The planned Environmental Audit Programs for Business Units
Identified Business Units that still need to develop an Environmental Audit Program

The management information required from the programs

The audit program consists of a schedule of audits of the environmental management practices
within the Unit. For construction works, the audit program consists of a schedule including:

Listing of all the project sites.

Broad risk ranking of all projects to determine the priority and frequency of auditing.
Environmental Services Staff often assist in the assessment of environmental impacts and
their associated risks. The criteria used to decide this risk ranking includes but is not
limited to the:

o environmental consequences of the activity

size and scope of the activity

duration of the activity

sensitivity of the area affected by the construction

demonstrated performance in meeting agreed requirements

O O O O O

results of previous audits
o effectiveness of internal audits

From this risk ranking a frequency of audits should be established that would ensure the
robustness of the environmental management processes.

Projects of short duration (e.g., up to 3 months and are assessed as low environmental
risk) are considered in development of the program, but usually a surveillance program
with a checklist against the project or maintenance activity Environmental Management
Plan is used instead, and signed off by the work supervisor or lead engineer. Auditing for
longer term projects is recommended at least every six months. RTA audits are timed to
compliment the contractor’s audit plan for the frequency of internal and external audits.

Audit frequencies may be relaxed if previous audits have identified that systems and
procedures are in place and are used diligently on the project. In practice consideration
of audit frequencies looks to:

o Signs of system failure
Evidence of adverse environmental effects
Major changes to the project or organization

Changes in regulations or policy requirements

O O O O

Complaints/concerns from public authorities

o Identified risk ranking
Schedule of dates when the audits will be conducted and types of audits
Identification of resources to complete the program

Reporting structure

The planning horizon (timeframe) of the program depends on the size of the construction works
within the Business Unit; however an annual rolling program that is subordinate to the Business
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Plan is recommended, with annual review and reporting and the flexibility to include new
projects either planned or underway. After consultation with environmental staff, the final audit
program is developed and distributed to the Business Units in the Region or Branch, Project
Managers and other relevant staff in the directorate, and the relevant Environmental Services
Staff.

New Jersey DOT Construction Audits, Contractor Performance Rating System, and
Environmental Factors

NJDOT’s Construction and Maintenance Unit conducts audits include but are not limited to
environmental issues. Typical findings of these construction and maintenance audits involve
sedimentation and erosion control issues. The audits are randomly conducted and primarily
serve as part of the construction auditing process, where environmental commitments play an
important role.

As part of the New Jersey DOT Contractor Performance Rating System Procedures evaluation of
work performed by the Contractor is made to determine the Contractor’s performance rating for
each contract. The Contractor Performance Rating System generates a Performance Rating of the
Prime Contractor, which:

e Provides an objective and consistent method for measuring Contractor performance
e Provides a beneficial effect on Contractor performance

e Increases quality, cost effectiveness and efficiency of the construction process and the
finished product

e Provides the Contractor opportunities to improve job performance between rating periods

The ratings provide the Department with essential information to be used to encourage and
ensure the best quality product by awarding projects to the lowest responsible bidder that
continually provides high quality work. The system is designed to recognize Contractors
performing exceptional work, as well as identify Contractors repeatedly failing to perform
satisfactory work. Every six months, the Resident Engineer completes Interim Ratings for the
project work executed to date and forwards the rating to the Field Manager for concurrence.
Interim and Final Ratings are prepared for all projects. Contractors are rated on a 1 to 5 scale,
from unacceptable to outstanding performance. Fifty percent of the points are allocated to
quality (including earthwork, drainage, and landscaping) and contract compliance. Safety, traffic
control, and environmental evaluation comprise another 20 percent of the total. For safety and
environmental commitments, a score of 5 translates to 100 percent compliance, without
corrective action, a 4 is given for minor non-compliance with no corrective action required. A
score of three and minor non-compliance indicates minor corrective action is needed. The
lowest two scores are reserved for major non-compliances requiring corrective action and
necessary work shut downs.(/04)

Contractor Performance Checklists are completed by the Resident Engineer and/or project
inspection personnel and remain in the project file through completion of the contract. The
Contractor Performance Checklists provide detailed information to be used by the Resident
Engineer and Contractor in identifying non-compliance in methods, materials or performance
that must be improved to provide acceptable quality. The level of importance of issued non-
compliance notifications, as well as the frequency and duration of the notices, and resultant
scoring of the other items of the checklists are used to determine the Contractor Performance
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Rating ratings. To maintain objectivity, the project specific Contractor Performance Checklists
are completed by the Resident Engineer and inspection personnel concurrent with the
Contractor’s execution of the work. Checklists are completed by inspection personnel, as
required, for a given work item. Any work item in non-compliance that may negatively impact
project cost, schedule or duration will be photographed by inspection personnel and reported to
the Resident Engineer. Upon submission of a checklist from inspection personnel indicating non-
compliance, the Resident Engineer submits a Notice of Non-Compliance Form and checklist
with the noted non-compliance item(s) to the Contractor. A Contractor receiving a Notice of
Non-conformance Form may be required to submit a Corrective Action Plan, if noted on the
Notice of Non-Compliance Form.(/05)

New York State DOT Environmental Auditing and Self-Reporting

As a state agency, the DOT is required to audit all its facilities, operations and projects

(F/P/Os) (construction contracts) annually for compliance with DEC regulations. This involves a
formal assessment in April of the compliance status of the previous fiscal year. The

Regional Environmental Audit Coordinator compiles the report for the F/P/Os and in the region
and forwards the report to the DOT Environmental Audit Coordinator for final compilation and
submission to DEC. The environmental staff can assist in determining compliance issues and the
headquarters Environmental Analysis Bureau can provide technical assistance on environmental
audit issues.(/006)

NYSDOT has automated the New York State Department of Environmental Conservation’s
(NYSDEC) State Environmental Audit System in order to self-report violations of NYSDEC
regulations and to report environmental initiative activities. NYSDOT’s annual environmental
audit relies on many tracking mechanisms that use the NYSDEC automated database. NYSDOT
tools for environmental auditing include the ETRACK database, a Microsoft application linked
to NYSDOT’s Program Support System, which tracks projects and their major milestones. The
database details specific aspects of a project, such as environmental, landscape and architecture,
and social impacts. The goal of the ETRACK effort is to establish a method to assure
consistency in statewide environmental information.

Maine DOT’s Environmental Audit Program

Maine DOT (MDOT) has developed an environmental management system for Maintenance and
Operations (M&O), Ferry Service, and Laboratories based on the ISO 14001 model. As part of
their procedures, MDOT M&O staff conduct periodic environmental audits of Highway
Maintenance, Motor Transport Services, Bridge Maintenance, and Traffic Engineering Divisions
and all maintenance facilities. The audit systematically documents and verifies whether the
divisions and facilities are in conformance or compliance with legal requirements, internal
policies, adopted standards, and defined procedures. Gaps are determined and strategies
developed to continually improve environmental performance. Corrective actions are tracked,
and timely closure of audit findings is an M&O priority.

Cross-functional teams of MDOT employees report their findings to District management and an
agency wide Environmental Management Committee that includes the M&O Director. In
auditing, the team follows generally accepted guidelines as described in the ISO 14010, 14011,
and 14012 or by the American Society for Quality. Audit protocols consist of written
documents, checklists, and guides used to define the audit scope. The Environmental
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Management Committee monitors completion of the corrective actions in the Corrective Action
Plans on a bi-monthly basis and performs follow-up reviews.

MDOT has taken special care to fulfill the EMS objectives of consistency, repeatability,
integration of environment into day-to-day activities, measure performance, and ease of
understanding. A broad spectrum of employees participated in the efforts to develop relevant,
easily understood procedures, processes, and tools for each EMS. These efforts occurred over
more than a year and required periodic meetings. Commitment of senior management at the very
beginning of the EMS efforts ensured that resources needed for implementation were available,
all involved in or affected by an EMS stayed focused on the implementation activities and
schedule, and all affected employees understood that they are stewards of the environment.
Maine DOT’s environmental audit system has the following characteristics:

e Maintenance and Construction projects are inspected by Environmental Office staff that,
along with the MDOT Construction manager, are authorized to require changes to
address environmental deficiencies on projects.

e All employees are required to be familiar with MDOT’s environmental policies and
procedures that affect their work, as documented in MDOT’s Environmental Policies and
Procedures Manuals.

e Management is proactive in all follow-up measures, particularly those that require
department-wide policy changes and dedicated funding.

e MDOT Tracks and benchmarks problems and successes through an integrated database.

As a result of using a structured and consistent audit program MDOT compliance in operations
and maintenance has substantially improved, according to MDOT’s EMS lead staff. Employee
“ownership” of and pride in their facilities and actions has also greatly improved. Furthermore,
the level of compliance achieved is much higher than with prior initiatives. As a result of the
EMS effort, MDOT employees understand that their day-to-day actions can have a positive or
negative effect on the environment. Maine DOT’s Environmental and Safety Auditing Policy
and Procedure is listed in the Appendix. The form MDOT uses to track corrective action
requests is also included in the Appendix.

Mass Highway’s Compliance Tracking and Self-Audit Programs

Mass Highway tracks compliance through scheduled self-audits, facility inspections and, routine
facility observations. Procedures and additional guidance information on inspections can be
found in Mass Highway’s Facility Environmental Handbook and SOP No. ENV-01-03-1-000;
Hazardous Waste Management at Mass Highway Facilities. Procedures and guidance for
conducting Self-Audits can be found in Mass Highway Self-Audit Protocol Fieldbook. The Mass
Highway Compliance Tracking Methods are included in the Appendix as are the Compliance
Tracking Roles and Responsibilities, Self Audit Procedure, and Facility Self Audit Checklist.

PennDOT Stockpile Audits and Award Program

PennDOT audits its stockpile management on a regular basis. Measures are included in the
facilities management section. PennDOT’s audit system is also used as a basis for an award
program for counties maintaining stockpiles. Those that can answer yes to all five measures
below are awarded a “gold” award and those that can affirmatively respond to four are given a
“silver.”
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e A four year stockpile needs assessment with spreadsheet is developed in cooperation with
Facilities Management and submitted to the District Maintenance office for each facility
in the County by June 30™ of each year.

e Equipment Managers and Foreman, weekly walk around are documented and charged to
coding 822-1201 on payrolls 90 percent to 100 percent of the time.

e A foreman’s checklist is completed and submitted to the District Maintenance Office four
times per year for each County stockpile. (11/30, 1/31, 3/31,6/30)

e A score of 3.5 or > is received on all model stockpile Quality Assurance evaluations
completed.

e All County field and garage employees are presented the Stockpile Academy refresher by
April 1, 2002.

For more information see the chapter on Maintenance Facilities under “Land Procurement and
Stockpile Development.

Missouri Contractor Performance Measures and Evaluation

Missouri utilizes a project questionnaire in evaluating contractor performance Missouri DOT
Past Performance Evaluation Forms. Standard questions based on contract specification
requirements are used to evaluate performance in three categories: Quality, Contract Compliance
and Prosecution & Progress of work on the project. The evaluation form allocates points for:

¢ Minimizing disturbance outside the ROW and outside easements.
e Whether necessary salvage and removal was accomplished without damage.

e Drainage items initially installed/constructed in accordance with the plans and
specifications.

e Whether embankments were constructed according to designs and specifications.
e Percentage of the sod was living at the end of the initial watering period.

e Soil preparation, lime and fertilizer application in compliance with the contract.

e Initial seed and mulch application in compliance with the contract.

e Acres (hectares) of erodible earth authorized versus that opened at various points.

e Percentage of the required temporary erosion control items were properly installed and
maintained.

New Jersey DOT Past Performance Procedures and Evaluation Forms (Word Version).
According to a survey by the AASHTO Construction Subcommittee Contract Administration
Task Force, performance evaluations directly lead to an adjustment of prequalification capacity
rating with the completion of every contract in nine states (FL, IA, IL, MA, MD, ME, MO, NE,
VT).(107)

Standards and Measures of Environmental Performance Audit Programs

e Audit results should be provided to management and any oversight teams in order to
make any needed adjustments to the process.

e The audit program and schedule should be based on the environmental importance of the
activity concerned and the results of pervious audits.
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e Audit results should be tracked.

e Audit procedures should cover the audit scope, frequency and methodologies, as well as
the responsibilities and requirements for conducting audits and reporting results.

e Audits should improve employee awareness, participation and motivation

e Audits should provide the opportunity for continual improvement and improve the
confidence and satisfaction of interested parties.

e Improve operational performance.

Standards and Measures for Nonconformance Detection and Corrective and Preventive
Action

Ensuring that feedback occurs, procedures are changed if necessary, and environmental
outcomes are appropriate or targets are met requires ongoing identification of deviations from
expected procedure or performance and follow up by implementing corrective or preventive
action.

ISO 14001 identifies standards for nonconformance and corrective and preventive action, which
require certified organizations to establish and maintain procedures to ensure this takes place.

e Responsibility and authority are defined for handling and investigating nonconformance,
taking action to mitigate any impacts caused, and for initiating and completing corrective
and preventive action.

e Any corrective or preventive action taken to eliminate the causes of actual and potential
nonconformances should be appropriate to the magnitude of problems and commensurate
with the environmental impact encountered.

e The organization should implement and record any changes in the documented
procedures resulting from corrective and preventive action.

Thus, in checking for a functional process for identifying nonconformance where it exists and
following up with appropriate corrective and preventive action, one may look for the following
indicators:

e Process for managing and monitoring nonconformities and noncompliances.

e Records showing timely corrective and preventive action occurred and actions were
closed out.

Standards and Performance Evaluation for Monitoring and Measurement

Standards and measures to use or those in place already at DOTs are discussed throughout this
document on a subject basis; however, some general measures for a DOT’s larger monitoring
and measurement effort related to environmental performance are established by ISO 14001
section 4.5.1.

e The organization shall establish and maintain documented procedures to monitor and
measure, on a regular basis, the key characteristics of its operations and activities that can
have a significant impact on the environment.

e This shall include the recording of information to track performance relevant operational
controls and conformance with the organization’s environmental objectives and targets.
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e Monitoring equipment shall be calibrated and maintained and records of this process shall
be retained according to the organization’s procedures.

e The organization shall establish and maintain a documented procedure for periodically
evaluating compliance with relevant environmental legislation and regulations.

DOTs often maintain documentation when key characteristics of operations are monitored and
measured. Most often, such monitoring occurs in response to regulatory requirements or
negotiated approvals by regulatory agencies. DOTs maintain calibration records for monitoring
equipment and keep records when/that compliance evaluations are periodically conducted.
Conformity to a DOT’s established environmental objectives and targets also indicate that
monitoring, measurement, and feedback (the system) is working.

2.6. ENVIRONMENTAL STAFFING, ROLES, AND RESPONSIBILITIES

An effective environmental management system requires, roles, responsibilities, and authorities
to be defined and communicated. Also essential are the necessary resources, including human
resources and specialized skills, technology and financial resources, to implement an
organization’s environmental objectives.

Clarifying Roles and Responsibilities to Ensure Environmental Performance

As part of environmental performance and process improvement efforts, some DOTs have also
sought to clarify environmental roles and responsibilities. As of 2002, DOTs that indicated
having identified environmental roles across their organizations included: Alabama, Connecticut,
Florida, Georgia, Hawaii, lowa, Kansas, Kentucky, Michigan, Minnesota, North Carolina, New
York, Puerto Rico, Texas, Utah, Virginia, and Wisconsin, in addition to the examples which
follow. Tables are sometimes used to ensure all responsibilities have been assigned,
communication is clear, and no gaps are present.

Mass Highway District Environmental Roles and Responsibilities and Associated Training

Mass Highway’s EMS manual describes organizational roles and responsibilities relative to
environmental compliance management at Mass Highway facilities. Personnel within the major
Organization Offices, Divisions, Districts and Sections that affect compliance with Mass
Highway environmental requirements are identified. To “foster the integration of environmental
stewardship into facility operations...roles and responsibilities for environmental management
have been established and employees shall be educated as how to best carry out their
environmental related duties.”(33) The sections listed in the Appendix provide an overview of
Mass Highway EMS roles and responsibilities for personnel in the Organization Offices,
Divisions, Districts and Sections and illustrate the degree to which the success of such an
environmental process improvement program depends upon broad involvement and
responsibility. These sections are: Mass Highway Environmental Roles and Responsibilities,
Section EMS Roles and Responsibilities, Operations Division EMS Roles, and Responsibilities,
District EMS Roles and Responsibilities. Training expectations have been tied to each of these
roles as well as roles and responsibilities accompanying the training program and are also listed
in the Appendix.

The environmental review process encompasses a number of other EMS roles and
responsibilities. For example, in that process at Mass Highway, the Chief Engineer assumes
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ultimate responsibility for ensuring an annual review of the environmental management system
is conducted and the Deputy Chief Engineer Environmental assumes responsibility for the EMS
Program review, coordinates Senior Management Review and the EMS Task Force reviews.
The Deputy Chief engineer also coordinates independent audits and ensures implementation of
recommendations from the review. The EMS Supervisor HazMat/HazWaste Unit conducts the
annual EMS Task Force review meeting and prepares a summary of EMS Task Force
recommendations for the Deputy Chief Engineer, Environmental Section, Chief Engineer,
District Highway Directors, Deputy Chiefs, and Department/Section Heads. The EMS
Supervisor also participates in the annual Senior Management Review process, represents
District/Operation by providing input on current operations and EMS implementation, and
reviews bi-annual independent audits and makes recommendations on correction and
implementation of audit findings. The EMS Task Force participates in the annual EMS Task
Force review process, provides comments on EMS effectiveness and makes recommendations
for improvements. An independent EMS reviewer conducts bi-annual EMS program reviews
and prepares a summary of findings for submission to the Deputy Chief Engineer.

PennDOT Environmental Role and Responsibility Identification for SEMP
Implementation

PennDOT’s Engineering & Maintenance District 10 is using the Responsibility Table listed in
the Appendix to ensure that responsibilities in delivering its Strategic Environmental
Management Program are assigned and carried out. Training requirements to support each
position in carrying out their responsibilities are included in the Training Table, also listed in the
Appendix.

Caltrans Construction Compliance and Stormwater Roles and Responsibilities

The Caltrans Construction manual specifies that “the district construction deputy director is
responsible for ensuring that environmental and permit requirements are enforced. To meet legal
requirements, district construction staff must receive appropriate training, possess appropriate
skills, and understand their role in successfully carrying out environmental measures. Within the
district construction division, appropriate environmental coordinators must be appointed.”(/08)
Caltrans extensively delineates roles and responsibilities as part of the agency’s Construction
Stormwater Coordinator Guidance Manual see pp. 2-8.

Staffing: Environmental Support for Construction & Maintenance

Several state DOTs have added environmental staff devoted to assisting Construction and/or
Maintenance staff. In response to the agency’s increased focus on environmental sensitivity,
Mass Highway established a separate environmental program within its Construction Division.
Working with environmental and construction staff in headquarters and District offices, the
program provides quality assurance reviews on construction projects, compliance assistance to
staff, coordination with regulatory agencies, training and written guidance. NYSDOT and
Virginia DOT provide the most far-reaching and staff rich models focused on construction and
maintenance. Virginia has placed 29 staff around the state in residencies, primarily to support
maintenance operations. Another 19 Environmental Monitors serve as erosion and
sedimentation control experts around the state and monitor the full range of environmental
commitments. NYSDOT has placed 22 senior environmental specialists in Regions, 11 to
support construction and 11 for maintenance.
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Mn/DOT and WSDOT Environmental Staff Supporting Maintenance & Operations

Many states have environmental staff in regions or districts that are focused on NEPA
compliance and project development and who also provide some support to waste management
and environmental compliance/commitment follow-through. Mn/DOT and WSDOT have added
environmental staff supporting maintenance and operations. In Washington, assistance is
supplied by Regional Maintenance Environmental Coordinator (REMC) who obtains necessary
permits and provides on site and telephone consultation.

NCDOT’s Environmental Coordinators in the Field

NCDOT has also recently added regional environmental coordinators. Each of North Carolina’s
14 statewide transportation divisions employs a Division Environmental Officer to assist,
coordinate, and facilitate environmental issues that may occur in the field. The Division
Environmental Officer acts as a liaison between field operations and the resource agencies and
ensures NCDOT’s implementation of environmental commitments.

Indiana DOT’s Environmental Compliance Coordinator

Indiana DOT (INDOT) employs an environmental coordinator for non-NEPA compliance in
each INDOT district who is responsible for monitoring compliance within INDOT’s operations.
The position focuses on applicable regulations protecting air, water, soil, and other resources.
The Environmental Coordinator is responsible for training construction and maintenance
personnel on environmental permitting, regulations, and methodologies to ensure that highways
are environmentally “friendly” and conform to all laws and regulations. Likewise, the
environmental coordinators assist in developing and undertaking environmental research
projects, best management practices, and the establishment of environmental policy. They are
also responsible for inspecting construction sites to ensure compliance with permits and
mitigation.

Virginia DOT’s Residency Environmental Specialists for Maintenance

Virginia DOT (VDOT)’s 29 Residency Environmental Specialists (RESs) cover 45 residencies,
with the objective of facilitating delivery of the transportation program by providing regulatory
compliance, leadership, management, and accountability, primarily for maintenance. The
positions provide daily guidance, assistance, and leadership to residency and field personnel to
ensure that their operations are performed in compliance with regulations and best management
practice. The RESs also serve as liaisons between the residency office and the district
environmental staff. RESs advise staff on the need for permits and reviews and assist with
training of staff and planning of operations. The RES determines whether permits are needed,
assists in the development of permits and erosion control plans, and reviews and approves
borrow pit and disposal areas for maintenance and operations. The RES reviews environmental
commitments with the project manager and/or Residency Engineer prior to commencement of
operations to ensure compliance with best practices and permit requirements, and provides
periodic review of controls. The RES also works with district environmental staff to develop
training needs assessments for the residency and formulate training modules to keep staff up to
date with environmental changes that affect the residency.

In addition to basic knowledge of environmental laws and regulations, permit requirements,
erosion control issues, and wetland identification, the RESs require skills working with people of
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a variety of educational levels, planning and directing environmentally compliant operations, and
working to develop an environmental ethic with regard to transportation operations. VDOT has
developed a training program and manual for the RESs, specifically focused on erosion control
and water-related issues. While Resident Engineers were initially skeptical about placing what
they viewed as auditors in their residencies, the RESs were quickly seen as indispensable
additions who greatly reduced environmental risks and liabilities for Resident Engineers
individually and for the agency as a whole. Unlike NYSDOT’s program a description of which
follows, VDOT designed their RES program to have entry level personnel who were then trained
and could serve as an RES feeder program for more senior level headquarters environmental
staff.

NYSDOT Construction & Maintenance Environmental Coordinators

NYSDOT’s investment in new senior environmental coordinators for Construction and
Maintenance Districts has been significant considering that the department is downsizing overall.
As previously mentioned, NYSDOT hired 11 environmental coordinators (ECs) to support
Construction and the same number to support Maintenance. These 22 environmental
coordinators are senior NYSDOT staff selected by upper management to focus on regional
priorities while providing oversight, quality assurance, and technical advice. This program is
designed to minimize permitting problems and inconsistencies in overall regional approaches,
including meeting environmental commitments throughout the project development lifetime.
NYSDOT decided to place the ECs directly into Regional Construction and Maintenance Groups
in order to address specific areas for department-wide environmental improvement in
Construction and Maintenance, as follows: 1) increased environmental field presence; 2)
increased familiarity with maintenance staff, activities and issues; 3) improved responsiveness to
maintenance environmental needs; 4) greater leadership and follow-through on priority
environmental issues in maintenance; 5) improved environmental training for maintenance staff;
and 6.) improved intra-regional communication on environmental issues.

Upon hiring, the ECs were directed to spend about 50 percent of their time “in the field”
observing, learning, advising and proactively identifying environmental stewardship
opportunities.(/09) Maintenance forces in particular are often called upon to react immediately
to a safety situation due to storms, accidents, etc. and need timely environmental advice and
recommendations. As the first point of contact, the Maintenance Environmental Coordinator
(MEC) helps bring about improved coordination and faster response to environmental needs. By
focusing solely on environmental issues in maintenance, the MECs are also able to learn what
issues are priorities and commonplace and then prepare regional guidance and training to address
these areas in a proactive and programmatic manner. Furthermore, through their sole focus on
maintenance issues, MECs have the support, time and ability to identify and coordinate the
follow-through on environmental stewardship opportunities, many of which may have been
missed in the past.

So that the ECs could “hit the ground running, learn as a group and be integrated with other
department programs, a system was set-up immediately upon their hiring that: 1.) provided a
clear description of the EC role and responsibilities; 2.) provided comprehensive training in
priority environmental areas; 3.) provided bi-annual statewide EC coordination meetings; and 4.)
provided for each EC to submit a monthly activity report.(//0) These activities have been
intended to improve EC effectiveness through direction, knowledge, shared experience and
communication.
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Table 6: NYSDOT Sample Performance Program for Environmental Support Staff in Construction

TASKS AND OBJECTIVES

PERFORMANCE STANDARDS

Ensure that constructability issues regarding
environmental impacts are understood by
designers and appropriately incorporated into
projects.

1A. Represent regional construction group at meetings during all
phases of project development, e.g. pre-scoping, scoping, etc., and
provide recommendations regarding constructability issues related to
environmental impacts.

1B. Review project plans at Preliminary and Advanced Detail Plan
stage to ensure that constructability issues relating to environmental
impacts are adequately addressed.

1C. Assist in development of ECOPAC materials during project
development.

1D. Review project materials, including ECOPAC, at final Plans,
Specifications and Estimates stage to ensure that constructability
issues related to environmental impacts are adequately addressed.

Ensure that Regional Construction staff,
Contractors and Consultants are thoroughly
familiar with the environmental context and
requirements of projects.

2A. Attend Preconstruction and Get Start meetings and take lead in
discussion of environmental issues using ECOPAC and applicable plan
sheets, specifications, notes, etc.

Provide Quality Assurance services to ensure
that environmental commitments and obligations
are fully implemented during project construction
activities.

3A. Assist with development and implementation of necessary and
desirable project modifications that may affect environmental impacts.

3B. Ensure that an adequate level of environmental monitoring occurs
at critical project stages, e.g. wetland construction.

3C. Ensure appropriate notification, coordination and documentation of
environmental obligations during project construction, e.g. update
SPPP.

Provide Support Services to ensure that policies,
procedures and training contribute to improved
environmental performance in construction.

4A. Review , revise and generate procedures, guidance and
specifications, as appropriate, to ensure full consideration of
environmental issues and opportunities during project construction .

4B. Identify and provide/coordinate appropriate environmental training
to construction staff in a timely and efficient manner.

Serve as Regional Construction Coordinator for
Erosion and Sediment Control issues.

5A. Provide early and continuous input to design staff regarding erosion
and sediment control plan development.

5B. Review final erosion and sediment control plan and provide
recommendation prior to construction sign-off.

5C. Discuss Erosion and Sediment Control Plan with Construction staff,
Contractor and Consultants prior to construction activities.

5D. Review Contractors required written Erosion/Sed. Control Plan and
provide recommendation prior to EIC approval.

5E. Review necessary modifications to original Erosion and Sediment
Control Plan that occur during project construction and provide
recommendation prior to EIC approval

5F. Ensure that required Erosion and Sediment Control records are
maintained in the project file.

Serve as Regional Construction Coordinator for
Department Environmental Ethic and
Stewardship Programs.

6A. Proactively identify and implement programmatic and project
specific opportunities to incorporate environmental betterments into
construction projects and activities.

6B. Provide/coordinate timely and appropriate environmental
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awareness training for construction staff.

Provide liaison between Regional Construction
Unit and Regional Landscape Architecture/
Environmental Services Unit, The Environmental
Analysis Bureau and Regulatory Agencies.

7A. Attend RLAES Unit staff meetings and provide feedback regarding
construction/environmental issues and activities.

7B. Attend statewide Construction/Environmental Coordination
Meetings to exchange information with other regions and EAB
Coordinator.

7C. Attend annual NYSDOT Environmental Conference.

7D. Serve as general point of contact regarding environmental issues
during project construction by directly providing technical and
procedural advice to construction staff or coordinating same with
RLAES Unit, external groups and agencies, as appropriate.

Assist with conduct of Regional Environmental
Audit.

8A. Ensure that Environmental Audit materials relating to construction
activities are completed in a timely, thorough and accurate manner.

8B. Provide annual Environmental Audit Training for responsible
Regional Construction staff.

To share experiences, establish priorities, identify issues of common concern, and increase
knowledge and awareness within the larger agency, NYSDOT Construction Environmental
Coordinators and Maintenance Environmental Coordinators submit brief monthly reports on
activities in the following ten core areas.

Quality Assurance

e Review Preliminary, Advanced Detail and Final Plans for Constructability (Erosion and

Sediment Control, etc.)

e Inventory/Disposal of Residency Hazardous Materials

e Review Department Practices and Operations (Salt Storage/Handling, Bridge Washing,
Herbicide Applications, Mowing, Ditch Cleaning, etc.)

e Review ECOPAC

e Attend Preconstruction and Get Start Meetings

e Compliance with Permit Conditions and Regulations

e Review Staging, Spoil, Borrow and Field Office Locations

e Attend Scoping Meetings

Environmental Stewardship

e Specific Projects (Nest Boxes, etc.)

e QGeneral Environmental Awareness

Liaison

e Attend RLAES Unit Staff Meetings

e Meet with RLAEM

e Meet with Regulatory and Resource Agencies

e Meet with Environmental Groups
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e Attend Regional Committee Meetings (Environmental Initiative, etc.)
e Respond to Public Inquiries, Complaints, etc.

e Attend Statewide Operations Environmental Coordinator Meetings

Technical Advice
e Provide Informal Technical Advice to Field Staff
e Residency Visits

e Project Visits

Training
e Prepare Training Materials and Conduct Training Classes

e (Coordinate Training Classes

Permitting
e Prepare, Review, Coordinate Permit Materials
e Develop Programmatic Agreements
e NPDES Phase 2 Compliance
e Review Highway Work Permit Applications

Programmatic Guidance
e Prepare written Guidance/Procedures

e Prepare or Revise Specifications

Assistance to Other Units

e Design, Construction, Maintenance, and Main Office

Environmental Audit

e Prepare or Advise on Audit Reports and Follow-up on Audit Violations

Personal Development
e Attend Training Courses and Attend Conferences/Seminars
e Miscellaneous
e Salt Contamination Investigation
e GIS
e SPDES

This information and an estimated ratio of percent of time spent in the field vs. in the office is
tracked by a headquarters program coordinator to ensure that field staff receive further guidance,
support, or training as needed. The Main Office Coordinator meets biweekly with
representatives from the Main Office Construction, Maintenance and Design Divisions and
regularly travels to meeting with regional maintenance and construction staff and environmental



groups. Regions regularly introduce new and innovative environmental practices in construction
and maintenance activities, which are communicated to other regions to ensure statewide benefit.

2.7. ENVIRONMENTAL TRAINING AND CERTIFICATION

If an organization is expected to succeed in its environmental objectives, it must develop the
capabilities to support it. These capabilities reside in the staff a DOT employs and the training,
awareness, and the cultivation of competence it requires and supplies.

Competency-Based Training Systems

NCHRP Report 360, “Professional Development of Maintenance Engineers and Managers,” took
a first shot at identifying and describing common responsibilities and knowledge requirements
for professionals involved in highway-maintenance engineering and management and developed
a classification structure of education and training needs for highway-maintenance engineering
and management professionals. Some transportation agencies have developed their own
competency-based approaches to assessing and addressing the training needs of their own
workforces.

PennDOT’s Transportation University

PennDOT created a Center for Performance Excellence (CPE) for managing employee
development and linking education to strategic goals.(///) One of CPE’s main programs is
PennDOT’s Transportation University, a virtual university on the corporate learning model. Its
as lead positions are filled by senior DOT staff, Bureau Directors, and Deputy Secretaries.
Experts throughout the agency provide most of the instruction. The Transportation University is
focused on competency-based training and employees’ professional growth. Necessary tasks,
skills, and competencies for each job classification are identified by a team of top performers in
each job class, and training has been structured around those competencies. The CPE works
with instructors, training coordinators and subject matter experts to develop the courses and
tracks associated with particular knowledge. PennDOT feels this approach ensures maximum
return on invested training monies by focusing on relevant competencies and required skills for
advancement of the trainee.

Specialized schools and colleges cover various areas of expertise, and are supported by a team of
volunteer experts from throughout the Department. Each school has an operating committee of
agency leaders and volunteers that meets three times a year to develop and align needed learning
experiences to identified competency needs and ensure that courses are evaluated at the
appropriate level. Non-traditional learning approaches such as on-the-job training and
combination approaches supplement traditional training courses. For example, the School of
Transportation Professions is looking at giving credit for winter operations preparation such as
the winter dry run.

Of particular interest to construction and maintenance professionals is PennDOT’s College of
Transportation Professions, which serves the Design, Operations, and Construction communities
as and includes a School of Technical Specialties and a School of Workforce Development. The
College of Transportation Trades includes Schools of Equipment Repair, Graphic Design,
Motorcarrier Enforcement, and Specialty Trades. Other Colleges address Human &
Organizational Development, Information Systems & Technology, Leadership & Executive
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Management, Professional Administration, Administrative Support, and Customer & Partner
Services. More information on PennDOT’s Transportation University may be found online.

PennDOT is developing Position Analysis Workbooks for 90 percent of the positions in the
agency. The Position Analysis Workbooks detail all the job duties and tasks, and the skills,
knowledge, and competencies required to perform them. Tasks and competencies are also linked
to courses that PennDOT has available and courses that need to be developed. The workbooks
are used by the Transportation University and training committees as a guide for developing
educational opportunities targeted to workplace needs. Training and other learning experiences
are also required to support agency strategic objectives. Employees are able to use the
workbooks as a planning tool for their own professional development, cross-training experiences
and promotional opportunities. Supervisors, mentors and coaches can use the workbooks to
orient new employees and to ensure employees receive appropriate learning experiences.
Position analyses have already been developed for Assistant Maintenance Managers, Diesel
Mechanics, Transportation Equipment Operators, and Quality Coordinators. Position analysis
workbooks will be available over the next year for the following professions of potential interest
to Construction and Maintenance managers: Training Coordinators, District Safety
Coordinators, Construction Inspectors, Equipment Operators A, Equipment Operators B,
Highway Maintenance Worker, Laborer, Semi-Skilled Laborer, Equipment Operator Trainee,
Equipment Operator Instructor, Automotive Mechanic, Tradesman Helper, Motor Carrier
Enforcement Officer, Highway Foremen, Receptionists, Clerks-various categories, Welders,
Customer Service Leadership, Managing Partners, Tunnel Maintainer, Maintenance Repairman
(includes Building Trades — Carpenter, Electrician, Mason, Painter), District Equipment
Managers, County Equipment Managers, and Equipment Body Repairer & Painter.

PennDOT also developed an internet-based learning management system that provides an online
resource for employee training records, official transcripts, course and program catalogues, out
service and on-the-job training information, class schedules and current enrollments. Working
with their supervisors, employees are able to schedule training courses as part of their individual
development plans using this tool, which the agency calls Training Partner 2000.

Caltrans Work Breakdown System

Caltrans has also taken a work competency approach to designing training for employees, but
only in particular areas of the agency. In 1994, Caltrans issued the first version of the
Department’s Capital Outlay Support (COS) Standard Work Breakdown Structure (WBS). The
Capital Project Skill Development Plan originated with Caltrans’ 1998 Strategic Plan and is
modeled on a similar workforce development plan at the Oracle Corporation. Caltrans’ structure
breaks down the content of capital project work into 491 discreet products and activities (or
deliverables) and the roles necessary to complete those activities. A task force of subject matter
experts specified the ‘roles’ that employees play in producing the particular deliverable. Caltrans
assessed the knowledge, skills, tools and competencies necessary to achieve those deliverables
and fill identified roles.

Caltrans also developed estimates of the number of current employees who play each role and
the degree to which they needed training in the knowledge, tools, and skill areas. Caltrans
quantified needs via a gap analysis by comparing the needed knowledge and skills with the
actual workforce capabilities. They further identified those employees who urgently needed
specific training and those having a moderate need. Task force members identified specific
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classes to teach the required knowledge and skills. Caltrans initiated a Long-Term Training Plan,
a re-defined and re-focused blueprint for ensuring its 11,000+ capital projects employees can
accomplish the 491 WBS deliverables.

Courses designed to support the competencies list learning outcomes, WBS deliverables, types of
employees needing each course, and estimated audience size. By focusing on roles rather than
job classification, Caltrans used a bottom-up approach that enabled the task force to specifically
describe the skills necessary for each role. The group designed 579 courses to support the 491
deliverables. Of those, 337 courses were already available, and 242 needed to be developed.
Additionally, the task force prepared cost estimates to develop and implement each course.

Once program managers approved and prioritized the courses for each functional area, they
developed a funding plan for FY 2000-2001. The plan identified high-priority training needs
based on currently available courses and those to be developed. The California Legislature
committed $15.1 million to Capital Project skill development for each year from 2000 to 2003.
The range of courses available through the program covers the gamut from a 2-hour course on
Engineering Service Center Outreach to the 8-week Bridge Design Academy. Caltrans also uses
a blended approach to training, incorporating internet- and computer-based training, classroom
sessions, and self-study. Classes are taught by Caltrans staff, contract trainers, and vendor-
generated materials. The Capital Project Program is currently the only Caltrans program using
the WBS, but the Department is exploring additional use of the process. (/72)

Train the Trainer Programs

Professional training by private providers can be expensive and time-consuming to give to entire
teams. Train-the-trainer approaches train just one, two, or a few individuals in formal classroom
settings, then arrange for them to train other team members in either classroom or on-the-job
training sessions. As a result, training costs can be contained, and what is learned by the few is
leveraged to train the many. DOTs typically rely on in-house trainers.

PennDOT’s Instructor Development Program for Internal Subject Experts

PennDOT is one of the many state DOTs where over 90 percent of training is offered in-house,
which has created substantial demand for on-staff (volunteer) trainers and train-the-trainer
programs. PennDOT’s Transportation University is supported by a team of hundreds of
volunteer experts from throughout the Department. The bulk of TU’s instructors are equipment
operators. Center for Performance Excellence Transportation University support staff provide
instructor development courses, including classroom skills and how to use visual aids.

NYSDOT’s Training Pipeline for Environmental Coordinators, Construction, &
Maintenance Staff

NYSDOT’s 22 Construction Environmental Coordinators and Maintenance Environmental
Coordinators are thoroughly trained and then in turn deliver a variety of training courses on the
Regional level. Headquarters specialists at the Environmental Analysis Bureau deliver much of
the initial training to CECs and MECs, who serve as trainers in the Regions and also receive
some of the regular training for Construction and Operations staff, such as the agency’s Paving
and Snow Universities. Consultants assist in offering advanced courses in wetland identification
and stream channel design, elements of which CECs and MECs can then teach to construction
and maintenance staff on the job or in other training settings.
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Table 7: NYSDOT Maintenance and Construction Environmental Coordinators Recommended Training Priorities

Course Topic Source/lnstructor

General Environmental Overview 1 Day Environmental Analysis Bureau (EAB)

Regulations/Agencies/Issues
Water/Ecology
Hazardous Waste
Cultural Resources
SEQR/NEPA
Air/Asbestos
Noise

ECOPAC

Environmental Audit

Operations Handbook: Application to Maintenance BMPs 1 Day EAB & Maint.

Operations Handbook: Application to Construction 1 Day Construction and EAB

Specifications
Waste Disposal
BMPs

Erosion and Sediment Control 2 Days Don Lake et. Al.

Design Considerations
Regulations/Specifications
Implementation/BMPs

NHI Hazardous Bridge Coatings 5 Days NHI and EAB

Lead Health and Safety

Air Quality Monitoring/Lead
Dust

Hazardous Materials Manifests
Painting, efc.

Snow University 2 Days Operations

Health and Safety Awareness 1 Day Construction coor. With B. Gibney

Inspection Module/MURK
1C/Handbook/Lessons Learned
Haz Comm Manual

Earthwork School 2 Days Geotech. Engineering Bureau
Ad Hoc Inspector Modules/OJT Variable Regional Construction
Group
ROW Herbicide Applicator Certification 3 Days Operations and DEC
Regulations
Products

Applicator Safety
Environmental Considerations
Techniques/Equipment

Intro to Wetland Identification/Delineation 1-2Day(s) | EAB

Intro - Wetland Identification
3 Parameter Method

Intro to Stream Restoration (Classification, Assessment, 1-2Day(s) | EAB and Greene Co.
Restoration)

Paving School 5 Days Operations
Advanced Wetland Delineation 4 Days EAB
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Wetland Identification/Function (Consultant)
Hydric Soils
Hydrophytic Vegetation
Hydrology

3 Parameter Method

Advanced Stream Restoration 3 Days EAB

Stream Types/Functions (Consultant)
Classification System
Assessment Methods
Restoration Technigues

Asbestos Inspector Certification 3 Days EAB/(Consultant)
Haz Waste Operations & Emergency Response 5 Days EAB/(Consultant)
GIS 1 Day EAB

Introduction to Software
Maintenance Program

Stormwater Management 2 Days Don Lake et.al.

Regulations/Policies/Procedures
Site Considerations

Facility Design

Maintenance and Operation

The CECs and MEC:s, trained as outlined above, then take the leading in developing training
tailored to different audiences (e.g. inspectors, construction staff, and contractors) and
opportunities for outreach. An example of a Training Schedule is listed in the Appendix of the
training occurring in each of NYSDOT’s Regions, frequency, audience and size, and how
training is altered for different audiences and topics related to Construction and Environment.

Maintenance Environmental Coordinators offer a variety of training on the Regional level as
well, to residency staff, inspectors, contractors, and sometimes even local watershed groups. In
some cases, the Department of Environmental Conservation assists in teaching the course. MEC
training offerings for Maintenance for 2003 included:

Environmental Initiatives for 2003 - Nest Boxes, Mowing, Web, etc.
Environmental Handbook (for different audiences) and GIS Applications
Hazard Tree Awareness, Identification & Management

Spring Herbicide Kick-Off Meeting

Deer Composting

Living Snow Fences

Erosion and Sediment Control

Watershed Approach, GIS, Natural Stream Design, Wetlands

General Environmental Sensitivity-2003 Herbicide Contract and Site Specific
Environmental Sensitivity - 2003 Herbicide Contract

Annual Asbestos Awareness.

Available NYSDOT training presentations may be found at the sites for Training and
Presentation Slides and at NYSDOT Training. In addition to several leadership and supervisory
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resources, including NHI’s “Tools for Peak Performance: Motivating Maintenance Workers to
Do Their Very Best,” NYSDOT has the following training presentations available on-line at the
time of this writing include the following:(/13)

e Stormwater Management: New SPDES Phase 2 Regulations.

e Soil Bioengineering/Biotechnical Workshop.

e Best Management Practices — Disposal of Surplus Material, Engineer In Charge
Training.
e Frosion and Sediment Control, Presented at AGC/DOT Technical Conference.

e Construction Regional Environmental Training.Region 3.

e FErosion and Sediment Control for Maintenance, Region 8.

e Stormwater presentation at DOT’s 11/14/02 Stormwater Training for Designers.

e NYSDOT Stormwater Management Program Presentation

e Environmental Training Documents for Maintenance and Constructions.

e Air Quality Training slides.
e New York City Watershed Presentation Slides.

NYSDOT has also produced Equipment Training: Evaluation Guides for Skills Demonstrations -
4th Edition for skill demonstration on all categories of NYSDOT heavy equipment. NYSDOT
awards certificates for internal NYSDOT purposes only. The points covered are also the teaching
points used by the Equipment Operator Instructors who prepare employees for their skills
demonstrations. In addition to teaching materials, the files contain maintenance checklists for
each piece of equipment.

Qualities to Consider in Identifying and Growing Good Instructors

Subject matter experts that are already on-staff and frequently approached by other staff
members for their advice are then tapped as potential trainers for others. Train the trainer
approaches require careful selection of employee-instructors, preferably supported by growth
and development opportunities. The Transportation Association of Canada recommends looking
for the following additional qualities: (//4)

e Is accessible for questions

e Knows how to give feedback - always positive and never uses sarcasm or ridicule
e Holds respect for his colleagues and is respected by them

e (Can summarize ideas in a clear and precise way

e Listens to the opinions of others and seeks their recommendations

e Facilitates ideas and the sharing of new concepts or work methods

e Is current on new methods and procedures

The LTAP program notes that instructors are often the most important variable for success in
training. A good instructor can help participants leave with valuable knowledge, increased skills,
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and motivation to put the knowledge and skills into action when they get back to the job. LTAP
offers the following suggestions to “help grow good instructors.” (/15)

e Start by selecting subject matter experts. If experts are not experienced trainers, provide
them with training on how to conduct training (train the trainer). The Nebraska LTAP
Center has had much success with training motor grader operators to train other
operators.

e Keep the trainers up-to-date with the latest technology and training techniques. They can
do this by reading journal and newsletter articles, attending LTAP meetings, participating
in train-the-trainer sessions and practicing with new training techniques.

e Involve instructors in workshop development. Instructors can bring real training
experience, as well as knowledge of the target audience to workshop development.

e Share training resources, such as videos, manuals and instructor’s guides.

e Show instructors they are appreciated. Honor volunteers.

Environmental Training for Construction and Maintenance

In a 2002 survey by the author, almost of half of the 50 state transportation agencies indicated
they have begun to train maintenance staff on environmental regulations, issues, and BMPs. As
one example, the Colorado DOT new orientation and refresher training for maintenance staff
includes a brief overview of environmental and water quality issues in maintenance. In 2002,
twenty-four state DOTs reported performing general natural resources sensitivity and/or
regulatory training for engineers and/or construction. Contacts can be found by clicking [see
contacts]. Approximately 60 percent offered engineers and construction staff general training in
NEPA, public involvement, the DOT’s environmental process, and BMP maintenance and water
quality considerations. At NYSDOT, for example, Engineers in Charge (EICs) receive training
from lead construction and environmental staff in environmental considerations in construction,
along with other supervisory topics. Just Connecticut, Florida, South Carolina, Utah, and
Washington reported offering training on environmental stewardship/enhancement projects for
engineers [see contacts]. While almost half of state DOTs introduce engineers to context
sensitive design or context sensitive solutions (CSD or CSS), Delaware, Indiana, Kentucky,
Maryland, Nevada, New Jersey, Pennsylvania, and Utah were able to boast having trained over
90 percent of their engineers in context sensitive design [see contacts]. North Carolina has
recently undertaken similar training in CSD for engineers conducted by the Center for
Transportation and the Environment.

Environmental training for construction staff is receiving attention as well. Mass Highway’s
new environmental compliance program within Construction offers an environmental component
in each district’s winter training program. Annual training to all construction field personnel
covers environmental regulations and permits, erosion and stormwater control, contractor
responsibilities, and pre-construction meetings. Utah DOT’s training for Construction
Environmental Control Supervisors is described in the section below, as it was combined with
training for contractors.
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Contractor Outreach and Training

Utah DOT Joint Training for Contractors and Construction Environmental Supervisors and
Maintenance Staff

In the mid 1990s the Utah DOT (UDOT) decided the agency needed to try to enhance
contractors’ understanding of environmental issues in construction. UDOT put together a two-
day class on temporary erosion and sedimentation control and other environmental issues that
may arise in construction. UDOT has now condensed the class to one day. The class includes an
overview of UDOT’s environmental process and Clean Water Act and water quality regulations
in particular. UDOT introduces contractor to erosion and sediment control basics and the
standard drawings and BMPs UDOT has available, as well as the agency’s erosion and sediment
control manual. Contractors practice developing their own SWMPP and review inspection
points.

While the class spends the most time on water quality, it also addresses, NEPA, threatened and
endangered species issues, and what to do if the contractor encounters a cultural resource.
Archaeological and prehistoric sites, cultural and paleontological clearances are covered.
Contactors and staff are familiarized with the 18 species on Utah’s noxious weed list and
expectations to minimize disturbance, reseed all disturbed areas promptly, regrading, and weed
spraying. These requirements and commitments are now contained in NEPA documents as well.
UDOT also reviews hazardous materials practices, fuel storage, waste oil handling and
environmental clearances required for off-site work proposed by the contractor but not included
in the contract. The latter section addresses environmental permitting concerns for off-site
contractor needs such as for material sites, staging areas, office sites, water lines, holding ponds,
stockpile locations, slope flattening, etc. Floodplain, farmland, and air quality clearances are
among those reviewed.

Contractors and UDOT construction crew inspectors are invited to attend the course, as are
UDOT designers and maintenance staff. The contractor designates one person to be called an
Environmental Control Supervisor and the UDOT crew designates one as well. Jointly, these
supervisors discuss environmental issues on-site, and decide inspection schedules, changes, and
needed clearances on additional sites. UDOT’s ECS is responsible for:

e Inspecting the project site for compliance with UPDES and other environmental permits.

e Ensuring that environmental protection measures in the plans are implemented on the
project.

e Maintaining temporary erosion and sediment control measures.

e Modifying the Stormwater Pollution Prevention Plan as required.

e Obtaining additional environmental clearances for off-site work.

e Coordinating with the UDOT construction crew’s ECS.

¢ Ensuring that all environmental mitigation commitments are followed on the project.

Further information on the program, slides, and hand-outs are available.(/76)

NJDOT and NJ Associated General Contractors Partner to Convey Stewardship Practices

NJDOT is currently developing contractor training and meetings with its contractors to discuss
good stewardship practices. The New Jersey Associated General Contractors has become an
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active participant in the Federal Highway Administration’s National Quality Initiative program,
signing quality initiative partnering agreements with the New Jersey Department of
Transportation (NJDOT) and the New Jersey Department of Environmental Protection (NJDEP)
with the goal of keeping transportation projects environmentally friendly and obtaining timely
environmental permits. The AGC founded the Construction Industry Advancement Program to
educate contractors about business issues, including designing environmentally friendly
projects.(117)

Mass Highway Communicates Standards and Expectations to Contractors

Like NJDOT, Mass Highway has been reaching out to contractors to communicate standards and
expectations. With recent years’ changes to NPDES, EPA Region 1, the Massachusetts
Department of Environmental Protection (DEP) and Mass Highway are providing a workshop on
the NPDES Construction General Permit, regulatory requirements and DOT expectations for
contractors. The workshop is being presented to Construction Industries of Massachusetts
(CIM), an advocacy organization of construction contractors in Massachusetts. Like NYSDOT,
Mass Highway is also reaching out to local organizations. Mass Highway has presented
workshops at meetings of the Massachusetts Association of Conservation Commissions (local
wetlands regulators), identifying construction issues, methods, requirements, and successful
erosion control BMPs in order to familiarize local regulators with Mass Highway work, so that
permit conditions can meet both construction and environmental needs.

AGC and Illinois DOT Reach Out to Contractors on Erosion & Sediment Control

The Associated General Contractors of I1linois (AGCI) and the Illinois Department of
Transportation (IDOT) worked together in developing a seminar series on erosion and sediment
control. The seminar was aimed at helping highway contractors and government employees
understand the effects of the EPA’s Phase Il Stormwater Regulations. A total of ten one-day
seminars were held, with over 1,400 people attending. The seminar series was especially
effective because it tailored information to Illinois geography and IDOT best practices. Co-
training highway construction contractors and state government employees in the same forum
ensured that everyone heard the same message. Workbooks were developed for all participants
with information from the presentations. This seminar series is one of several joint public/private
training efforts undertaken by AGCI and IDOT.(/18)

Pre-Construction Meetings

Mass Highway, New Jersey DOT (NJDOT) and Texas DOT (TxDOT) are among the many
DOTs that now conduct pre-construction informational meetings covering environmental
matters. TxDOT’s pre-construction meetings with contractors sometimes include training on
specific topics pertinent to the project at hand.

KYTC Environmental Leadership Training

The Kentucky Transportation Cabinet (KYTC) has been using a three-day Environmental
Leadership Workshop (developed by the FHWA Southern Resource Center) to train staff to
address environmental issues of all activities. Secretary Codell has led a corresponding series of
“culture talks” in conjunction with its own one-day environmental leadership training course for
all employees. KYTC has also become a national leader in CSS/CSD training, which the agency
has incorporated into its construction activities.
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Oregon DOT Environmental Outreach and Training for Maintenance Staff

ODOT has an extensive outreach/training program for its maintenance personnel on
environmental issues. Elements of this program include environmental orientation for new
employees, monthly/quarterly manager team meetings, winter pass foremen annual meetings,
annual field visits, hazardous materials training, erosion and sediment control training, fish
passage training, and training on ODOT’s Resource and Restricted Activities Zone maps for
district roads. The department also relies on participation in professional
symposiums/conferences and videos it has developed, including “Road to Recovery:
Transportation Related Activities and Impacts on Salmon,” and a new video being made on
calcium magnesium acetate (CMA): “CMA: A valuable tool for winter operations and total
storm management.” ODOT also trains staff through continuing education classes and
systematic trials of new products.

Caltrans Environmental & Equipment Training for Construction and Maintenance

Caltrans has developed the following environmental training modules and resources for
construction personnel, focused on minimizing stormwater impacts:

e Water Pollution Controls While You Work: Temporary BMPs on Highway Construction

Sites 23 minute Video Presentation (47.5 mb)

e Field Application Training for Erosion and Sediment Control BMPs Powerpoint
Presentation
Erosion Control BMP Implementation Powerpoint Presentation Part A
Sediment Control BMP’s Powerpoint Presentation Part B
Field Application Training Class Exercises Powerpoint Presentation exercises

e SWPPP and WPCP Preparation Workshop

e Water Pollution Control - Compliance for Construction Sites for Resident Engineers

e Inspecting for Water Pollution Control on Construction Sites

e Water Quality Sampling and Analysis on Construction Sites Part 1
Water Quality Sampling and Analysis on Construction Sites Part 2

e Management of Construction Site Dewatering Operations

e Introduction to Construction (Boot Camp) - Stormwater Module 1 hour

e Introduction to Construction (Boot Camp) - Stormwater Module 2 hours

e Introduction to Construction (Boot Camp) - Stormwater Module 4 hours

e Introduction to Construction (Boot Camp) - Stormwater Module 6 hours

Caltrans also tracks and provides information on continuing education courses available at
universities and community colleges around the state, that are recommended for staff; these
include: Erosion & Sediment Control, Water Pollution Control, Regulations, Asbestos/Lead
Abatement, Water & Natural Resources Management, Land Use Management, Water Quality
Sampling, Hazardous Materials Management, and Emergency Response.(119)

Caltrans includes some environmental training in classes for maintenance forces, which include
orientation, a variety of Hazardous Materials handling courses, Lead Paint Removal and

Abatement, Herbicide/Pesticide safety, Stormwater Pollution Prevention Plans, and Water
Treatment Certification. Of particular interest to other DOTs may be Caltrans’ Equipment
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Management Responsibility course, taught as part of Caltrans’ Maintenance Equipment Training
Academy (META) to maintenance leadworkers, with an expanded version for supervisors and
superintendents. Caltrans Maintenance Equipment Training Simulator (CMETS) program is
offered on a traveling basis in an 18-wheeler statewide. CMETS was developed in an effort to
reduce vehicle accidents, extend equipment life (and thus reduce resource usage), and enhance
the overall safety of field maintenance employees. The primary target audience consists of new-
hires with little truck driving experience, although experience has shown that employees from all
skill levels can be challenged in the simulator. CMETS can simulate almost any engine and
transmission combination found in the Caltrans fleet, with truck types including 5- and 10-yd
dump trucks, and tractor-trailer combinations. Road types include city streets, freeways,
secondary roads, dirt and gravel roads, as well as snow covered roads. Instructor controlled
inputs include volume and behavior of autonomous traffic, day or night, clear or fog, wind gust,
ice patches, and specific autonomous vehicle behavior. Simulated failures to own equipment
include tire blowout, loss of oil or air pressure. Driving parameters that are measured and
recorded for each student include number of gear shifts, number of gear grinds, number of
transmission failures, speed control, following too close, brake temperature, riding the clutch,
turns or lane changes without signaling, collisions, and others. Caltrans hoped that the use of
simulation in the initial stages of training would reduce the frequency and severity of repairs
attributed to poor shifting technique as well as operator induced repairs in general. Of note,
since the inception of simulator training, no transmissions have been damaged during subsequent
META training in Sacramento, saving significant resources.(/20)

Recommended Practices in Implementing Adult Learning Programs that Benefit
Construction and Maintenance

Adults bring their own experience to the learning process. This ‘frame of reference’ provides the
basis from which they relate to and gauge the value of all new things. As a result, adult learners
have particular needs. It has been said that adults retain 10 percent of what they read, 20 percent
of what they hear, 30 percent of what they see, 50 percent of what they see and hear, 70 percent
of what they talk over with others, 80 percent of what they use and do in real life, and 95 percent
of what they teach someone else to do.(/2/) Many of the recommended practices below are
adapted from LTAP Training Tools and a best practice overview by the Transportation
Association of Canada.(/22) According to recommended practice, training methods should:

Identifying Employees’ Needs and Expectations

e Address “what’s in it for the employees,” their needs and expectations. Jobs with
motivating potential are meaningful/will make a difference to others, require a variety of
skills, have responsibility and autonomy to make decisions about how to carry out the
work, and involve feedback and learning about performance, preferably from doing the
work itself.

¢ Relate to learners’ experience. Adult learners bring a wealth of experience to training.
They want to relate the training to what they experience in their lives. They also come in
a wide range of ages, backgrounds, interests, abilities, and learning styles. This
characteristic can be useful because it allows trainers to tap into this diversity and depth
of experience by allowing participants to share, analyze and learn from both their own
and other’s experiences. This characteristic can also be detrimental to trainers, as some
participants do not go beyond their own experiences, becoming less enthusiastic about
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new ways of doing things. A creative and motivating organizational context entails a
continuous dynamic between the expertise, skills, and creativity of individuals and teams
and the management practices, resources, innovation, and organizational motivation of
the larger organization/work environment.(/23)

Tailor training to the needs of various staff groups. Accommodate their level of
experience in classroom learning situations. The amount of training and the level of
detail of training that is required by specific personnel will vary. For example, managers
may not need to know how to calibrate a spreader or to plow a road in order to carry out
their responsibilities. They should however understand the importance of an effective
calibration program and what equipment is needed to optimize salt use. Operators that do
not make salt application decisions may not have to understand much about the decision-
support systems. However, they need to understand salt application policies, the
chemistry and application of salt, the environmental issues, good housekeeping practices
at maintenance yards, record keeping, equipment operation and relevant decision-support
information. Workers at snow disposal sites that do not operate spreaders will need to be
trained in snow disposal site operating procedures, the chemistry of salt,

environmental issues and relevant equipment operations, but may not need a detailed
understanding of decision-support systems for snow and ice-control.

Identify and seek to change existing workplace value systems where necessary.
Apart from the cultural attitudes in the workplace each individual operator will have a
perception of his/her role within the operations. Some will hold the view that

acquiring knowledge of new systems or technologies is not their responsibility and they
do not get paid to think about such things. They may perceive their role as followers of
instructions. Their ‘locus of control’ is ‘external’ and they rely on others, such as their
supervisor, to provide the appropriate conditions/features for them to carry out their
work. The challenge for the trainer is to convince these individuals that there is
something in it for them and to try to ‘internalize’ their locus of control by stressing how
important each individual’s contribution is to the overall success of the initiative.
External influences are too remote to make the best decision under the circumstance and
their judgment is valued as the best available given their training, experience and

local knowledge.

For many operators who have been involved in winter control operations for more than
the last few years, the standard of a job well done has been to see how much salt they can
put down during their shift. Their value system said “More is Better” or “When In Doubt
— Put It Out”. Then along comes an initiative to optimize the amount of salt being used
and the value system is changed to “Just the Right Amount and No More.” The trainer
should take the approach that operators have options to consider which only they as
operators are in a position to make.

Be aware of fears of the learner. Emphasize what is in it for them. It is important to get
the “what’s in it for me” issue on the table right away and for good answers to be
provided. New York State DOT has tried to build on employee’s positive impulses and
concerns for the environment and has tried to keep messages simple and memorable.
One example for maintenance staff has been: “Save Birds, Mow Less.”
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Engaging Employees in the Learning Process

Accommodate self-directed learners. Adults often want to learn what they want to
learn at their own pace. They want to be involved in the training process, learning from
activities and sharing their knowledge with others. They learn best when they voluntarily
choose to learn.

Present material in a variety of ways, and enable learning by doing whenever
possible. Include a combination of verbal and visual aids, group discussion and
practical application.

Address immediate problems and concerns. Adults are motivated to learn if they think
the new information or skills will help them solve the problems and challenges they
encounter in their jobs.

Take advantage of any opportunity to have immediate and automatic feedback on
whether the learner’s actions are consistent with the learning goals. The more immediate
the feedback, the more likely the learner will begin to self evaluate. They will begin

to correct themselves once they recognize the gap between the stated objectives and their
knowledge. It is estimated that 40 percent of skills learned in training are lost
immediately, 25 percent remains after six months and only 15 percent remains after one
year.

Packaging Materials Effectively

Provide opportunities to integrate new concepts immediately. Adults want to use the
information presented now, or at least tomorrow, on the job.

Time training close to when learning can be implemented. For example, salt
management trainings should be scheduled for each fall, close to the onset of the snow
and ice control season.

Ensure training of all personnel who can affect the environment and the DOT’s
reputation. This often includes seasonal and contracted personnel. If the DOT is not
going to provide such training, training requirements may be included in contracts.

Trainers should assemble a bank of local case studies, photos, and examples. Local
examples bring the lessons home and reinforce learning goals.

Deliver training on location in different areas and take advantage of available down-
times. Training opportunities should not be limited to formal classroom settings.
Trainers should be aware of the workplace schedules, inclement weather policies,

shift changes and shift downtime, for example, and take advantage of these windows of
opportunity to present training modules. Depending on the regular duties of the staff
there are also opportunities to provide training in informal tailgate sessions or in post-
storm debriefing sessions.

Assessment and Learning Objectives

Verify minimum competency levels through assessment and certification. Some
transportation agencies have included testing and a minimum passing grade in their
training programs. In the absence of any industry certification standards, this type of
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internal agency certification may be advantageous to those transportation agencies
wanting to provide an assurance of minimum competency levels.

e Assess needs and develop learning objectives. Needs assessment helps ensure that
training is targeted where it is needed. Learning objectives focus the training on what
employees and contractors need to learn.

o Identify second language/literacy skills issues and plan accordingly. It will be
important that the trainer identifies those learners who may not be native English
speakers and modifies the training and evaluation to accommodate their needs. When
dealing with these learners the trainers should try not to bring undue attention to them in
a classroom setting. It is advisable to ask their supervisors prior to the training if there are
learners with these challenges.

¢ Increase retention by incorporating as many of the following strategies as possible into
the lesson:

a. Use realistic examples of how skills can be used.

b. Give learners real life context for the application of concepts rather than
presenting theory without a practical association.

Use rich analogies.

Include practice of skills.

C
d

e. Use clear and effective visual aids.
f. Consider pre-training assignments.
g

Keep skills and concepts close to the work generally done by participants in the
normal jobs.

h. Use post-training follow-ups.
i. Encourage sharing of anecdotal experiences through discussion sessions.

j. Utilize informal leaders and the natural culture of the workplace to the extent
possible in delivering the message of the training.

This reinforces the need for refresher training. Trainers should make available easy
access to reference materials to permit the learners to refresh their knowledge in a
comfortable, non-threatening way. Again, periodic tailgate sessions help to reinforce the
learning goals.

e Use reminders. The success of the training is the level of knowledge retained by the
learner. Putting the key learning points in front of the learners in the workplace can
enhance the level of retention and the rate of change in values. Key messages such as
using the right material in the right amount in the right place at the right time can be
promoted in the workplace. For example the application rates or spreader control settings
can be posted in an area where the learners congregate such as lunchrooms or staging
areas. Similarly, reminder signs with this information can be displayed in the truck cabs
adjacent to the vehicle controls.

Gathering Feedback

e Use feedback mechanisms. Statistical data can be used to provide regular feedback. If
work management software systems are available in the workplace then year-to-year or
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year-to-date comparison information of salt use or salt costs can be posted or distributed
so the operators can see what impact they have on the financial side of the operations as
well as environmental impacts.

Informal sessions can help to reinforce the training especially if there is an opportunity
for the internal champions to relate their experience with the equipment, the conditions
and the decisions they made based on what they encountered.

Evaluate the training. PennDOT’s Center for Performance Excellence makes
suggestions for improving courses and trainers based on student feedback and
environmental measures. Templates and reports are provided so that evaluations are
performed in a standardized manner. This process includes gathering trainee reactions
and opinions, measuring new knowledge through testing, surveying the effects on job
performance within 60 to 90 days, and determining the training’s return on investment.

Monitor the extent to which staff is performing with respect to expected learning
goals. This should be done on an ongoing basis through observations of staff behavior.
Any deficiencies in behavior should be identified and a plan developed to re-train in the
appropriate areas.

Maintain up-to-date files of the training provided to each member of staff. It is
advisable to include any certification and course description in the file to maintain a
record of the worker’s competency. The records should include the date, time, duration
and subject of the training, as well as the source of the training and trainers. Records
should be maintained summarizing the percentage of staff trained in target areas at each
level of the organization.

A series of benchmarking teleconferences conducted by the author for the AASHTO Center for
Environmental Excellence and the Kentucky Transportation Cabinet culminated in the following
recommendations from participating states to better support construction and maintenance staff
in delivering environmental performance improvements:

Identify who within agency (usually environmental staff) can provide such technical
assistance. Make sure their phone numbers are easily available to staff.

Have technical assistance staff take advantage of existing seasonal and annual meetings
to let maintenance staff know they are out there and available to help.

Develop trust between the trainer and training participants. If maintenance staff feel they
know the trainer, they will be more willing to call for help when needed.

Ensure maintenance staff is provided training on the necessary equipment.

Arrange for Designers to rotate into maintenance annually (suggestion was one month per
year). Implementation of this suggestion has resulted in a variety of improvements,
including maintenance getting access ledges for stormwater ponds. In contrast,
recommending solutions without field assistance can lead to failures and higher expense.

Host a Design Academy once a year to train mid-level designers.

Work with project engineers on a project-by-project basis to design roadsides
appropriately.
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e Reach out to/facilitate further training of Landscape Architects in DOT Regions or
Districts, so they are on board with integrated vegetation management approaches and
can assist with outreach to engineers.

e Develop technical guides for Maintenance Operations, synthesized from construction
manuals, specs, field manuals, manufacturers’ guides, etc.

e Develop and use a Product Acceptability List such as WisDOT’s PAL, which is
connected to specs and helps staff navigate unwieldy spec books. It is searchable on the
web and streamlines and standardizes use of these materials.

Tailgate Resources: Pocket Guides and Bulletins

Fully half of all state DOTs report having developed simple field guides on BMP maintenance
and water quality considerations for engineers and/or construction [see contacts], though many
are out of print. Pocket guides are small, portable, and accessible to both DOT field staff and
contractors, and are easy to carry on-site. Some examples include the following:

e C(Caltrans Stormwater Pollution Prevention Bulletins for Construction, Post-Construction,
and Maintenance are short, two-page resources covering commonly arising issues and
can be used easily as field references.

e Mn/DOT’s Inspector’s Job Guide for Construction includes guidelines for inspecting
erosion control compliance, tree protection, disposal of wastes, culvert and storm sewer
installation, seeding and finishing, and a variety of other construction activities.

e Colorado DOT’s 2002 Erosion Control and Stormwater Quality guide is a 40-page
pocketbook that helps construction and maintenance workers adhere to CDOT’s Erosion
Control and Stormwater Quality Guidelines by providing details and diagrams on
implementing and maintaining water quality Best Management Practices (BMPs).

e Mass Highway is developing an Erosion and Stormwater Control Field Guide for
Resident Engineers, due summer 2004, to accompany their NPDES Stormwater Pollution
Prevention Plan Template and Guidance manual.

e NJDOT’s Environmental Management Practices Construction Industry Pocket Field
Guide for Environmental Stewardship in New Jersey was drafted by the Construction
Industry Advancement Program of New Jersey (CIAP). It is provided to all NJDOT
construction personnel. The 34-page field guide highlights common construction
activities and identifies related environmental issues and contacts for additional
information.

e TxDOT has developed pocket field guides for both projects and facilities addressing
environmental compliance issues that may be encountered and how to address them,
including contacts for more information. Scenarios include finding archeological
evidence during construction or having a chemical spill at facilities.

California, Florida, New Hampshire, North Carolina, Ohio and Texas offer newsletters or
internal bulletins addressing water quality considerations in construction or maintenance [see
contacts]. In addition to Caltrans’ notable stormwater pollution prevention bulletins for
construction, post-construction, and maintenance, the agency offers a weekly one page
newsletter on water quality issues located at Caltrans’ on-line stormwater publications page.
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Standards and Measures for Training, Awareness, and Competency Programs

The simplest and most common way that DOTs assess their performance with regard to staff
training and competency is through accounting for attendance in various training programs.
Training pre- and post-tests are also commonly used to test knowledge acquisition. A few state
DOT programs, including PennDOT’s Transportation University, are exploring re-evaluation
months later to see if knowledge is retained and personnel can show competency.

ISO 14001 outlines several standards for organizations undertaking training related to
environmental process improvement:

e The organization identifies training needs relative to environmental commitments,
objectives, and targets.

e All personnel whose work may create a significant impact upon the environment have
received appropriate training. This information is usually tracked in training records.

e The organization establishes and maintains procedures to make the employees or
members at each relevant function and level aware of:

o The importance of conformance with the environmental policy and procedures
and with the requirements of the environmental management system.

o The significant environmental impacts, actual or potential, of their work activities
and the environmental benefits of improved personal performance.

o Their roles and responsibilities in achieving conformance with the environmental
policy and procedures and with the requirements of the environmental
management system, including emergency preparedness and response
requirements.

o The potential consequences of departure from specified operating procedures.

Personnel performing the tasks which can cause significant environmental impacts are
competent on the basis of appropriate education, training and/or experience.

The organization has defined competency and is maintaining it through various means.

On the Job Training—Promoting Continuous Learning in the Workplace

Researchers estimate that training provides 20 percent of the critical skills required to do a job
and the remaining 80 percent is learned on the job. This implies that regardless of the
effectiveness of the lesson plan, most of the learning will take place on the job outside the
classroom setting. Fostering a workplace where operators are encouraged to share information,
experiment with new concepts, and challenge old ideas is essential to change the approaches and
behaviors targeted by more formal training methods. If the behavior has not changed, additional
or follow up re-training is required. On-the job training is part of the mix of training offered by
many DOTs, whether informally or more formally for credit, as PennDOT’s Transportation
University offers, for example.

On-the-job training for construction crews at the Wyoming DOT (WYDOT) is supplemented by
a video presentation on environmental compliance and awareness that stresses avoidance and
minimization of environmental impacts. The training emphasizes WYDOT’s mission statement
and environmental policy and includes a statement by the Wyoming Contractors Association on
the importance of environmental sensitivity during construction.
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Contractor Certification Programs

Due to the rapid influx of advanced technologies and the increasing reliance of DOTs on
consultants and contractors for their engineering and technical services, state DOTs and
professional organizations within the transportation industry are trying to provide assurance of
professional competency.(/24)

Some state environmental agencies are running contractor certification programs in erosion
control inspection, with DOT participation. Contractor certification programs for Underground
Storage Tank testing and removal are also among the more common.

Virginia DOT Specification and Certification for Erosion Control Contractors

In accordance with VDOT Road and Bridge Specification §107.14 (a), land disturbing activity
which occurs within the VDOT right-of-way must be supervised by a certified Erosion and
Sediment Control (ESC) Contractor, who is required to be on-site at all times during that land-
disturbing activity. Until 2001, the Virginia Department of Conservation and Recreation (DCR)
and VDOT sponsored a cooperative training for ESC Contractors. This training program was
entitled DCR’s Erosion and Sediment Control Contractor Certificate of Completion (DCR’s
Contractor Certificate) program. The former DCR Contractor Certificate program included a
one-day training course followed by a one-hour examination.(/25)

VDOT environmental monitor reports showed increases in project compliance levels from 30
percent in 1999 to 93 percent in 2001.(/26) Likewise, VDOT’s Construction Quality
Improvement Program (CQIP) noted significant environmental compliance rating increases from
88.0 percent in fiscal year 1998/1999 to 93.4 percent in fiscal year 2000/2001.(/27) VDOT
believes the DCR Contractor Certificate program provided a key contribution to VDOT’s project
environmental compliance level. A new version of the program is administered by the Virginia
Road and Transportation Builders Association (VRTBA) with VDOT providing the instructors
and copies of the VDOT-developed manual. The goal of the course is to demonstrate to the
contractor how implementation of VDOT’s specifications and standards ensure compliance with
environmental and property protection related laws and regulations and, synonymously, are
critical elements of the quality and the economic integrity of road building/maintenance
practices. The course introduces contactors to the Erosion and Sedimentation Control program,
state and federal laws, the erosion process, minimum standards, vegetative practices, VDOT
specs and standards, and VDOT contract enforcement. A certification exam proctored by the
VRTBA enables those who pass to become certified to comply with VDOT Specification
§107.14 (a), which stipulates that inspection for proper installation and deficiencies immediately
after each rainfall, at least daily during prolonged rainfall and weekly when no rainfall
occurs.(/28)

Maine’s Voluntary Contractor Certification Program

The Maine Department of Environmental Protection (DEP) has developed a non-regulatory,
incentive-driven program to broaden the use of effective erosion control techniques. The DEP
administers a voluntary contractor certification program to prevent nonpoint source pollution
from construction activity by creating an incentive for Maine contractors to become educated on
erosion and sedimentation control best management practices. The Voluntary Contractor
Certification Program (VCCP) is coordinated by DEP’s Nonpoint Source Training and Resource
Center. The program requires attendance at two 6-hour training courses and the successful
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completion of a construction site evaluation during the construction season by local soil and
water conservation district personnel. To maintain certification, a minimum of one 4-hour
continuing education course within every two-year period after initial certification is required.

The certification entitles the holder to forgo the 14-day waiting period for Soil Disturbance and
Stream Crossing Projects under the Department’s Permit-by-Rule program, allowing certified
individuals to start work on such projects earlier than contractors who are not certified.
Certification also enables a contractor to advertise as a “DEP Certified Contractor,” and DEP
maintains a list of certified contractors that is posted on the agency’s web site. This list is
available for distribution to the general public, state agencies and other interested persons. All
certified individuals can also obtain any publication from the Nonpoint Source Training and
Resource Center Library at no charge. Under certain circumstances, certifications can be
revoked. Revocation is likely if a formal enforcement action is taken against a certified
contractor whose failure to employ satisfactory erosion and sediment control practices results in
sedimentation of waterbodies or wetlands.

Tennessee DOT Erosion Prevention and Sediment Control Training and Certification
Program

Tennessee DOT has funded a research project to develop an Erosion Prevention and Sediment
Control Training and Certification Program consisting of three training courses: the
Fundamentals of Erosion Prevention; the Design of Vegetative and Structural Measures for
Erosion and Sediment Control; and a Train-the-Trainer Workshop.(/29)

WSDOT Partnership with AGC to Deliver Statewide Training and Certification

The Washington State Department of Transportation (WSDOT) requires contractors to
participate in erosion control training. Restrictions by the Washington State Department of
Ecology (DOE) requiring erosion and spill control lead certification and triggered an increased
demand for erosion control training. To meet this demand, WSDOT partnered with the education
foundation of the Associated General Contractors of Washington to deliver a statewide training
program for contractors and staff from federal, state and local agencies. An already-ambitious
statewide program of 18 training events for 600 students was doubled due to high demand. The
12-Hour Certification course is taught to non-WSDOT parties through training partners and
WSDOT only recognizes certificates provided through the organizations listed below:

e AGC of Washington Education Foundation

e Northwest Laborers Employers Training Trust Fund
e [Inland NW AGC
WSDOT’s on-line resources for WSDOT staff include:

e Certification in Construction Site FErosion and Sedimentation Control for WSDOT
Personnel

e Certification Course Manual

e FErosion Control Design Course Manual
e 2-Hour Class for WSDOT Designers

New DOE requirements for written stormwater pollution prevention plans led to the addition of
further courses. These programs have raised the construction industry’s environmental awareness
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and helped protect the Washington environment.(/30) Currently, WSDOT has made courses in
Erosion and Sediment Control and Spill Prevention available, with classes in NEPA and
Endangered Species Act applications on the way.

Iowa DOT Certification for Construction Inspection, Material Testing, and Spill
Prevention

The Towa Department of Transportation Technical Training and Certification Program is
responsible for ensuring that all technicians who perform material testing, hazardous spill
prevention, construction inspection, and grade inspection and erosion control on construction
projects in lowa are qualified. Over 200 classes are held annually with approximately 3,000
individuals participating. The program is working toward reciprocity of technician certification
between states, regional material development, uniform test procedures, and coordinated
exchange of state information. The lowa DOT also is using a new approach to dealing with a
downsized workforce by using maintenance equipment operators to perform testing/inspection
duties and construction, and materials inspectors to perform maintenance duties in their
respective off-seasons, requiring additional of cross-training.(/3/) For maintenance employees,
IDOT also offers training in roadside vegetation management and a certification program for
herbicide application.

Certifications Provided by Private Associations

The Manitoba, Canada Heavy Construction Association (MHCA) developed and implemented a
Safety, Health, and Environment certification program. The Certificate of Recognition (COR)
program is a comprehensive approach to reducing human, financial and environmental costs of
accidents and involves education, training, and implementation of standard safety, health, and
environmental practices.(/32)

The Safety, Health and Environment program was developed and implemented by the Manitoba
Heavy Construction Association (MHCA). The program provides a Certificate of Recognition
(COR) and a comprehensive approach to reducing human, financial and environmental costs of
accidents. It involves education, training, and implementation of standard safety, health, and
environmental practices.

National Institute for Certification in Engineering Technologies

National Institute for Certification in Engineering Technologies (NICET) certification takes
some of the guesswork out of applicant screening by identifying those technicians who have
acquired a minimum amount of relevant work experience and who have demonstrated their
knowledge by meeting a rigorous exam requirement. NICET tools can also be used to diagnose
staff training needs, by measuring skills and knowledge against an objective national standard.

For example, the Highway Maintenance certification program was designed for engineering
technicians involved in the inspection/supervision of street and highway maintenance activities.
It covers all aspects of routine roadway and right-of-way maintenance, including interpretation
of plans and specifications; scheduling of projects and personnel; recordkeeping; knowledge of
materials (asphaltic concrete, Portland cement concrete, soils, herbicides, etc.) and techniques for
their proper use; familiarity with equipment and proper use of equipment and associated safety
features; and traffic safety during maintenance operations.(/33)
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NICET offers four levels of certification for Highway Maintenance. The typical job duties and
associated responsibilities of highway maintenance engineering technicians are broken down into
discrete work elements which form the basis for an evaluation of the candidate’s knowledge.
Level I is designed for trainees and entry-level technicians who perform limited job tasks under
frequent supervision, Level Il is for technicians who perform routine tasks under general daily
supervision, Level III is for intermediate-level technicians who, under little or no daily
supervision, work with standards, plans, specifications, and instructions, and Level IV is for
independent, senior-level technicians whose work includes supervising others. Certification at
Levels II, III, and IV does not require prior certification at the lower level, but it does require
meeting the certification requirements of the lower levels.(/34)

Requirements for certification, the program detail manual, and applications are available for
Bridge Safety Inspection, Highway Design, Highway Construction, Highway Materials,
Highway Surveys, Traffic Operations, and Erosion & Sediment Control as well as Maintenance.
Overviews of various NICET certification programs are available online.

Society for Protective Coatings Certification Programs

The SSPC Protective Coatings Specialist Certification (PCS) contractor certification program is
based on consensus standards developed by industry professionals and is recognized as an
independent contractor evaluation program, as well as a pre-qualification tool for facility owners.
Each program reviews the industrial painting contractor’s primary ability to provide quality work
in accordance with applicable safety, health and environmental compliance standards. The
program is divided into the following categories:

e QP 1 evaluates contractors who perform surface preparation and industrial coating
application on steel structures in the field.

e (P 2isasupplement to QP 1 that evaluates the contractor’s ability to perform industrial
hazardous paint removal in a field operation. Two categories of certification are available
based on the type of equipment and containment.

e QP 3 evaluates a contracting company’s ability to perform surface preparation and
protective coating application in a fixed shop facility. SSPC issues three categories of
shop certification: enclosed shop, covered shop, and open shop; a certification for
Inspection Companies whose focus is the industrial painting industry.

e (P 5 evaluates an inspection company’s ability to provide consistent quality inspection
of coatings & linings for its clients.

Sources of Training, Materials, and Information

Budget constraints are pressing states to design necessary training as efficiently as possible,
while tailoring training to the needs of employees and state-specific conditions. As noted by
AASHTO’s Stewardship Demonstration Project, transportation agencies may look to adapting
training from other states or national courses to their own needs, thereby reducing development
costs, to initiating joint training efforts with other agencies and neighboring states, or to
developing internal mentor-based on-the-job training programs. States also may find that non-
traditional training approaches, such as distance learning, can provide the learning experience
needed while minimizing costs in terms of staff time and travel expenses. LTAP facilitates
sharing of a large collection of informational videos and other resources.
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Many training resources are already available to maintenance and highway managers nationwide.
To avoid “re-creating the wheel” in the development of training resources for environmental
aspects of construction and maintenance, managers may want to contact some of the entities
mentioned in the sections below.

State Transportation Agency Training Programs

Some state transportation agencies have developed extensive training programs. For example,
PennDOT’s Transportation University offers over 300 courses and CALTRANS offers over 400.
Some DOTs have developed extensive training programs on selected areas. For example,
extensive erosion control and drainage channel maintenance materials have already developed by
Mn/DOT’s Dwayne Stenlund. Both the U.S. Forest Service and the Penn State Center for Dirt &
Gravel Roads have developed a training program for maintenance of non paved roads.
AASHTOQO’s Stewardship Demonstration project website profiles training developed by WisDOT,
NCDOT, and UDOT:(/35)

e Wisconsin Department of Transportation (WisDOT) partnered with the Wisconsin
Department of Natural Resources to train staff, consultants, contractors, and utilities prior
to the 2002 construction season on erosion control and stormwater management. The
training objective is to help trainees develop and use more effective strategies for erosion
control and stormwater management during and after construction. WisDOT continues to
update and refine the training based on feedback from the course attendees.

e North Carolina, Colorado, Pennsylvania, Utah and Wisconsin are training their staff in
context sensitive solutions (CSS). A number of states, including Wisconsin and
Kentucky, have made the training effort a part of a larger CSS program.

Contact any of the above agencies or DOTs in adjacent states for assistance. Public agencies are
usually willing to share materials.

Pooled Fund Cooperative (SICOP) and On-Line Programs

One of the most widely known pooled fund cooperative programs in construction and
maintenance is SICOP, the Snow and Ice Pooled Fund Cooperative Program. It was developed
by AASHTO (The American Association of State Highway and Transportation Officials) under
AASHTO Administrative Resolution 3-94. Training for supervisors and field operators in
understanding the new processes and equipment used in these proactive snow and ice control
techniques has been slow in developing; as a result lack of effective and scientifically based
training has hampered progress in the implementation of anti-icing (Al) and road weather
information system (RWIS) technologies from the SHRP and International Scanning Tours.(/36)
Nearly all of the snow-belt states and the American Public Works Association (APWA) and the
National Association of County Engineers (NACE) contributed to this pooled fund. SICOP
promulgates the Winter Maintenance Program, the goals of which are to 1) sustain or improve
levels of winter maintenance service with significant benefit/cost improvements, 2) provide an
enhanced level of environmental protection, and 3) place technology in service on operational
maintenance sections within two winter seasons.(/37)

The need for the development of an interactive computer-based, stand-alone, training program
was identified during the AASHTO/Federal Highway Administration/Strategic Highway
Research Program (SHRP) Implementation Program by the Lead States Team for the
implementation of advanced Al and proactive snow and ice control technology. This task was
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subsequently handed off to SICOP. A Technical Working Group nominated by participating
state DOTs was organized to guide development of the training program, which contains an
online encyclopedia related to AI/RWIS. The RWIS/AI Computer-Based training utilizes a
series of realistic scenario-based exercises and has been built as a self-paced, interactive, stand-
alone, computer-based training program. SICOP intends for the program to be sufficiently
flexible to provide training to equipment operators, first-line supervisors, and middle managers.
To facilitate wide distribution, the program will use open-systems architecture and open
standards for hardware and software. Generic training packages will be available for purchase
from AASHTO. One of SICOP’s prototype training package resembles a video game where
equipment operators mix salt brine.

Another video-based training program was produced by a team of researchers at the University
of Washington and funded by Transportation Northwest (TransNow), to teach basic rolling
principles, techniques, and considerations without tying up equipment. A 3-D hot-mix asphalt
compaction trainer, the program allows its user to train for the industry by playing a video game.
Users experience simulated construction environments and receive real-time feedback based on
their commands. It is adaptable to a variety of training situations, since instructors can set
paving conditions and then guide students through interactive environments. The Xpactor can be
downloaded for free at TransNow’s Website.(/38)

Transportation Curriculum Coordination Council

The Transportation Curriculum Coordination Council (TCCC) is a partnership of government
and industry that is drawing on training resources nationwide to support training and certification
of highway construction inspectors, technicians, and engineers—while minimizing duplication of
effort and helping public agencies to maximize their training dollars. This partnership includes
the Federal Highway Administration (FHWA) and its National Highway Institute (NHI), three
American Association of Highway and Transportation Officials (AASHTO) Subcommittees, and
five Regional Training and Certification Groups (the New England Transportation Technician
Certification Program, Mid-Atlantic Regional Training and Certification Program, Southeast
Task Force for Technician Training and Qualification, Multi Regional Training and
Certification, and Western Alliance for Quality Transportation Construction) representing 46
State transportation agencies. Through these web links, the reader/user can access construction
and maintenance certification courses that are available across the country.

TCCC works closely with the National Highway Institute, proposing new classes to develop and
identifying existing resources. For example, a new NHI Bridge Construction Inspection course
recommended by the TCCC draws upon two state resources, the New Mexico Quality Bridge
Deck Workshop and the MDSHA “in-house” Bridge Construction Manual and identifies related
NHI training materials that have already been developed.

National Highway Institute

The National Highway Institute (NHI) in FHWA’s Office of Professional Development, trains
current employees, nurtures some potential employees, and provides outreach and information
exchange services. Students represent federal and state transportation agencies and private-
sector groups. Last year, NHI presented more than 550 courses to 16,000 individuals. In an
effort to improve its outreach and course delivery, NHI is also piloting Web-based distance
learning courses. A complete list of NHI courses may be found on-line.
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Environmental aspects are being incorporated into many of these courses. Focusing on the
FHWA vision to “improve transportation for a strong America,” NHI has placed particular
emphasis on delivering courses to advance Administrator’s “vital few” goals of safety,
congestion mitigation and environmental stewardship and streamlining. Specifically, these
courses advance current practices, incorporate new technologies, and keep abreast of current
federal policies. This CD-ROM provides information about current training courses in structures,
materials and pavements, design of traffic operations, construction and maintenance, hydraulics,
ITS, financial management, civil rights, highway safety and other related topics, and the
environment.

Local Technology Assistance Centers

There are 57 Local Technical Assistance Program (LTAP) centers: one in each state, Puerto
Rico, and six regional centers serving American Indian tribal governments. The centers are
located at universities or state highway agencies and are funded in part by federal LTAP funds,
state DOTs, the Bureau of Indian Affairs, universities, local agencies, and by state legislatures.
The LTAP centers were established to provide the flexibility needed to tailor programs to meet
the varied needs of the local transportation work force. LTAP centers increase the skills and
knowledge of local providers through training, technical assistance, and technology transfer,
including program-building activities. The LTAP Clearinghouse Information Resources contains
a searchable database with information on local roads resources, LTAP centers, and training
resources.(/39)

University Transportation Research Centers

The Transportation Equity Act for the 21st Century (TEA-21) established 13 new university
transportation centers (UTC), and reauthorized 14 existing UTC and 6 centers previously
designated as university research institutes. The latter were originally funded under the
Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA). TEA-21 also added
education as another primary objective of the UTC Program in addition to transportation
research and technology transfer, which were established as primary objectives in ISTEA. A
complete listing of the UTCs is available at the Council of University Transportation Centers

(CUTQ).(140)

Listservs

Technology transfer has been significantly enhanced by the use of computers. A snow and ice
mailing list (snow-ice@list.uiowa.edu) has several hundred subscribers from around the world
and provides a forum for the discussion of topics related to winter maintenance. Users state that
it is a quick and easy way to find expertise in almost any area of winter maintenance or to find
that the area of interest is one in which little or nothing is known.

The Center for Transportation and the Environment maintains a listserv on wildlife crossing
concerns and issues. The Wildlife, Fisheries and Transportation Web Gateway contains
information about best practices, policy issues, searchable databases, and related listservs.(/41)
FHWA maintains a listserv, called Re: NEPA - Federal Highway Administration, on which users
can ask and have answered a variety of highway and environmental questions.
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CHAPTER 3: DESIGNING FOR ENVIRONMENTAL
STEWARDSHIP IN CONSTRUCTION &
MAINTENANCE

State transportation agencies have been devoting increasing attention to the relation of design
considerations to DOTSs’ ability to effectively steward the environment in construction and
maintenance. Raising the bar on environmental performance in construction and maintenance
requires cooperation with design and attention to a host of factors at an early stage in the process
(planning or design) when appropriate design changes can be made and increased funding may
be sought. State DOTs increasing emphasis on and guidance for designers is evident in the
proliferation of design manuals that are available. AASHTO maintains a list of links to state
DOT manuals on their website, at design.transportation.org. Almost every DOT has a manual
for drainage and water quality considerations in design. The most widely available guidance is
not duplicated here. Rather, this section focuses on more recent and emerging stewardship
practices in design that assist construction and maintenance staff in delivering positive
environmental outcomes.

3.1. BEYOND MITIGATION: PROJECTS TO ACHIEVE ENVIRONMENTAL GOALS

As part of their stewardship commitments, environmental planning, or process improvement
efforts, some state DOTs have begun to systematically encourage and include non-compliance-
related enhancements in project design and construction.

Environmental Betterments and Dual Purpose Projects

Dual Purpose Projects at Caltrans

Caltrans has explored “dual purpose” projects to achieve both environmental and transportation
objectives. To further explore opportunities for enhancement as well as avoidance and
minimization of environmental impacts, Caltrans is working with The Nature Conservancy of
California to overlay the road network with priority habitat conservation areas statewide. A
previous effort co-sponsored by Caltrans examined statewide wildlife habitat connectivity needs
and associated opportunity areas for conservation. Caltrans has pursued other types of “dual
purpose” community and environmental benefit projects where opportunities arose.

NYSDOT’s Guidelines and Procedures for Environmental Betterments

NYSDOT’s environmental initiative guidelines and procedures encourage DOT Regional Design
Groups to look for opportunities for joint development with municipalities, other agencies, and
private developers whereby design, construction, land acquisition and maintenance
responsibilities can be mutually and equitably shared, while accomplishing community goals.
The guidelines allow specific environmental elements or facilities requested and funded by
others (e.g., municipalities, other agencies, and environmental groups) to be incorporated in
DOT capital and maintenance projects as “Environmental Betterments,” wherever practicable.
Such elements or facilities include landscaping, park amenities, historic building preservation,
noise barriers, created wetlands, stream restorations, stormwater basins, habitat improvements,
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and new municipal sanitary sewer lines, storm sewer lines and water mains that provide an
environmental benefit. Such * environmental betterments” are intended to benefit from the
“economies of scale” possible on large public works projects and the particular equipment and
skilled personnel available in such cases, that could cost sponsors and stakeholders less than
individual projects designed, constructed, and let by themselves. NYSDOT’s Stewardship
Initiative calls for the following practices or features to be incorporated into DOT capital and
maintenance projects, as appropriate: (/42)

e Practice of context sensitive design.

e Street ambience enhancements (e.g., benches, decorative paving, bollards, period lighting
fixtures).

e Restoration of historic highway related features (e.g., historic lighting fixtures, stone
walls, guiderails).

e Measures to retain the integrity of historic parkways and bridges.

e Increased wild flower plantings.

e Additional landscaping to enhance the appearance of noise barriers.

e Increased landscape plantings to improve roadside appearance and streetscapes.
e New or rehabilitated fishing access and trail head parking areas.

e New or rehabilitated boat and canoe launch sites.

e New or rehabilitated historic markers and interpretive signing.

e Increased signing of important waterways and watersheds.

e New or rehabilitated scenic overlooks.

e Retrofits of existing highway drainage systems with created wetlands and stormwater
management facilities.

e Soil bio-engineered stream banks.

¢ Plantings, boulders, deflectors and other techniques to improve fisheries habitat.
e Culverts for wildlife crossings.

e New or rehabilitated wildlife viewing sites.

e Wildlife habitat improvements.

e Mitigation and enhancement for past wetland impacts.

e Restored and enhanced wetlands.

e Acquisition of endangered species habitat.

e Acquisition for preservation of regionally important wetlands and upland habitat.
e Acquisition of scenic easements.

e Improvements to highway entrances of public parks, wildlife management areas, and
historic sites.

e Replacement of fixed-time traffic signals with vehicle activated signals.
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As part of NYSDOT’s proactive outreach effort, Regional Design offices have invited local
municipalities, environmental groups and agencies to combine their funded and designed
environmental elements or facilities with ongoing DOT projects. In some cases, NYSDOT has
provided added design services to assure that the community’s “environmental betterment” work
is appropriately integrated into the transportation project plans and specifications. NYSDOT
can also provide contract letting and construction inspection of the Environmental Betterment
work at no charge to the municipality, other agency or environmental group.

Since NYSDOT’s Environmental Initiative is a component of the Department’s Capital Program
Update process, Regional Planning and Program Managers are required to include
Environmental Initiative projects on their updated program. Regions identify those projects that
have environmental or context sensitive design work which goes above and beyond regular
mitigation or permit requirements and track those elements as a project attribute in the
Department’s Project and Program Management Information System (P/PMIS). Various work
types allow environmental initiative projects to be grouped by a specific activity, as outlined in
NYSDOT’s Environmental Initiative Statement and description of the Dedicated Environmental
Benefit Projects. This overview also outlines NYSDOT’s further rationale for investment in
such public goods: (/43)

Example 3: NYSDOT Initiative - Environmental Benefit Projects

NYSDOT will fund and implement a number of environmental benefit projects that are well-suited to the Department’'s mission
and capabilities. To program environmental enhancements on property owned by the New York State Department of
Transportation will be a simple, straightforward and visible demonstration of environmental commitment. These projects will be
designed to:

Improve water quality because studies done by the New York State Department of Environmental Conservation (DEC) have
shown that non-point source runoff is now the major cause of water pollution. Non-point source pollution enters a water body
from diffuse origins on the watershed and does not result from discernible, confined or discrete convergences such as a pipe or
ditch. NYSDOT, with its extensive network of state highways, is in an excellent position to assist in improving New York’s water
quality. Since, non-point source water pollution control is most practically achieved through the construction of stormwater
control measures that NYSDOT routinely incorporates into its projects. NYSDOT will also retrofit existing highway drainage
systems by designing and building:

e (Created wetland and stormwater management structures
e  Bioengineered streambanks.

e  Specialized water quality inlet structures

Restore wetlands because the initial construction of New York State’s transportation infrastructure caused negative impacts on
wetland acreage, function and value. During the last two decades, the New York State Department of Transportation has gained
extensive experience both in delineating state and federal wetlands and in avoiding, minimizing and mitigating adverse impacts
to wetlands. NYSDOT will continue to use this new knowledge to go beyond regulatory state and federal no-net-loss goals by
helping to increase New York State’s wetland acreage and function by:

e Improving or restoring wetlands affected by federal-aid highway projects that were done before regulatory mitigation
was required.

e  Constructing additional wetland acreage in projects beyond that required for state and federal wetland permits.

e  Working cooperatively with The Nature Conservancy and the resource agencies to preserve important existing wetland
sites.

e  (Creating new wetlands to control non-point source pollution as well as to provide other wetland functions, such as
wildlife habitat.

Protect fish and wildlife because fisheries habitat in New York State has been degraded by the channelization and siltation of
state waterways, and DOT has the capability to deliver restoration measures in an efficient and practical manner. The New York
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State Department of Transportation will protect wildlife by planting specialized food and cover crops along state highway rights-
of-way and by providing more and safer wildlife crossings under state and local highways. For example, NYSDOT will design and
install:

e  Boulders and stone weirs to improve fisheries habitat
e  Culverts for wildlife crossings

e  Plantings for wildlife habitat

Promote eco-tourism because people travel on state highways. And, through access to nature, people develop a deeper sense
of why the environment warrants protection. Eco-tourism is a growing and sustainable part of New York State’s economy.
Because a large part of the eco-tourism experience depends on the appearance of state roadsides as well as access to natural
features, the New York State Department of Transportation will develop:

e New or rehabilitated fishing access and trailhead parking areas
e Historic markers and other interpretive signing
e Improved bikeway and pedestrian facilities

e  New scenic overlooks

Enhance transportation corridors because as a state agency, the New York State Department of Transportation’s customers
include the traveling public and the people who live and work in New York State’s transportation corridors. They deserve
improvements in the quality of their lives that can be achieved through:

e  Providing streetscape amenities

e  Wild flower plantings

e Landscaping to enhance the appearance of noise barriers
e Reestablishing street trees in historic districts

e Rehabilitating comfort stations and rest areas
The New York State Department of Transportation will continue to make every effort to;

Reduce environmental toxins by:
e  Using salt and sand for highway anti-icing and de-icing as judiciously as possible
e  Sweeping roadsides better and more often
e Reducing herbicide applications

e  Cleaning up wastes previously generated on NYSDOT projects and at NYSDOT facilities

Improve air quality because up to half of the air pollutants emitted in New York State are emitted by single occupancy vehicles;
that is, by cars with only a driver. To reduce these emissions, the New York State Department of Transportation will:

e |mplement Transportation Demand Management practices

e Encourage alternatives to single-occupancy vehicle commuting
e Expand Ozone Alert Day initiatives

e  Promote the use of alternative fueled vehicles

e  Provide facilities for pedestrians and bicyclists

e  Support mass transit

Increase the use of recycled materials because New York State’s environmental policy calls for recycling as the first choice in
dealing with solid waste. As a leader in this policy initiative, the New York State Department of Transportation will pilot and
promote the use of recycled:

e Tires in highway embankments
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e (lass, plastics, and aggregate in pavement mixes

e Plastic, rubber, and aggregate in noise walls

Preserve and enhance our New York State heritage because our historic and our natural heritage belongs to all New Yorkers.
Because of the nature of its work, NYSDOT is in a unique position to enhance this heritage by:

e  Preserving historic structures

e  Promoting state bike routes and greenways

e Increasing highway tree plantings and other landscaping
e  Providing streetscape amenities

® Increasing roadside plantings and maintenance for aesthetic improvement

Through active integration of environmental concerns into the Department’s daily operations and coordination with regulatory
agencies, environmental groups, municipalities and concerned citizens, the Initiative will attain the goals set forth above.

Maintaining or Improving the Natural Environment as Transportation is Built

An increasing number of DOTs are incorporating ecosystem conservation into their planning
processes; the General Accounting Office noted that DOTs in Oregon, South Dakota, Colorado,
and North Carolina “reported extensively considering ecosystem conservation in transportation
planning using several approaches. The Oregon Department of Transportation has included a
policy in its long-range plan to, among other things, maintain or improve the natural and built
environment, including fish passage and habitat, wildlife habitat and migration routes,
vegetation, and wetlands. The long-range transportation plans of Colorado and North Carolina
each contain specific references to goals or policies to conserve ecosystems, while South
Dakota’s plan contains a more common, less specific goal aimed at protecting the
environment.”(/44)

Cultural Resource Enhancement Efforts

Cultural resource improvement efforts are included as a part of Context Sensitive
Design/Solutions initiatives at state DOTs and often include such environmental stewardship
practices and improvements to cultural resources as:

e Extending trails or sidewalks

e Visual screening

e Scenic easements

e Special signage design/placement
e Preservation of historic context

AASHTO’s Environmental Stewardship Demonstration Program profiles these and other project
and programmatic cultural resource stewardship projects, about which further information is
available on-line: (/45)

e Bell Farm Bridge (KY)

e Pioneer Street Bridge (VT)

e Bridge Over Virgin River, East of Hurricane (UT)
e WYV Route 9 Environmental Commitments (WV)
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e AHTD Historic Bridge Management System (AR)

e Section 106 Programmatic Agreement (VT)

e Section 106 Programmatic Agreement (DL)

e Farmland Mitigation (CA)

e Community Sensitive Design Development (WI)

e Connecticut Farm Map (CT)

e Cultural Resource Partnership with Indiana University (PN)

e Section 106 and 4(f) Programmatic Agreements for Historic Canal Bridges (NY)

AASHTOQO’s Center for Environmental Excellence maintains background information about
information about Section 106 of the National Historic Preservation Act and Section 4(f) of the
Department of Transportation Act on-line along with Recent Developments, Documents and
Reports, Success Stories, and Related Links. A notable practice and use as a design resource in
the state of Minnesota is MN/Model - A Predictive Model of Precontact Archaeological Site
Location for Minnesota.

Often cultural resources enhancements are included in general project costs. Other times, such
enhancements are funded as separate Transportation Enhancements (TE) activities, which are
federally funded, community-based projects that expand travel choices and enhance the
transportation experience by improving the cultural, historic, aesthetic and environmental aspects
of transportation infrastructure. Transportation Enhancement funds are apportioned to the state
DOTs through a minimum 10 percent set aside of each state’s STP funds. TE projects must be
one of 12 eligible activities and must relate to surface transportation. For example, projects can
include creation of bicycle and pedestrian facilities, streetscape improvements, refurbishment of
historic transportation facilities, and other investments that enhance communities and access.
The National Transportation Enhancements Clearinghouse contains descriptions and photos for
a full range of such efforts, as well as links to learn the basics of the TE program, view a Guide
to Transportation Enhancements, access state-specific information, order free documents, or
assistance. Federal legislation related to TE is accessible through the Federal Highway
Administration (FHWA) TE Web site. In addition to a project list, NTEC maintains a state
program policy and procedures database that is updated periodically as changes occur.(/46)
Some state DOTs are more active in implementing the TE program and using TE dollars than
other states. Several states, including Wisconsin, Massachusetts, and Alaska, have funded
numerous TE-eligible projects using funding sources other than the TE set aside.(/47) The
following trail extension project profiled by NTEC is a prime example of a cultural resource
enhancement project, in the sidewalk/trail extension category, undertaken with DOT support:

New Hampshire Lincoln-White Mountain Trail

New Hampshire DOT facilitated construction of over
2.5 miles of sidewalk and multi-use path through what
was once an ailing mill town in New Hampshire’s
majestic White Mountains. The town of Lincoln now
bustles year round with tourists bound for hiking,
biking or skiing, after town officials recognized its
strategic importance as a gateway to the White
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Mountains, and focused efforts on better connecting
the community with recreational opportunities in the
area. The path was built over the former site of a
penstock, a sluice used to transport water to the mill,
between the Pemigewasset River and Route 112.
Residents of the town can now safely travel adjacent
to Route 112 by foot, and bikers coming down from
the Noon Mountain ski area or through Franconia
Notch can use the path to enter town. Parts of the path
abut the White Mountain National Forest, where Figure 3: NH White Mountain Trail Bridge
walkers and bikers can take in the beauty of the

mountain scenery and, in the autumn, enjoy the region’s spectacularly colored foliage.(/48)

3.2. CONTEXT SENSITIVE DESIGN/SOLUTIONS

The Context Sensitive Design (CSD) process, also called Context Sensitive Solutions (CSS),
identifies the physical, visual, and social context in which a project is situated. Establishing the

existing context is done through observation and analysis along with interviews and discussion.
CSD/CSS fosters the use of:

e Strong stakeholder involvement programs.

e Collaborative and interdisciplinary approaches to decision-making.

e Understanding of the aesthetic and other contexts within which transportation occurs.
e Consideration of human and natural environmental effects of transportation.

e Selection of design criteria appropriate to a specific project’s safety, operational, and
environmental needs.

The American Society of Civil Engineers (ASCE) defines CSS as “a collaborative,
interdisciplinary approach, involving all stakeholders to ensure that transportation projects are in
harmony with communities and preserve environmental, scenic, aesthetic, and historic resources
while maintaining safety and mobility.”(/49) In sum, a CSD project is highly responsive to the
environmental conditions, both cultural and natural, in which it occurs.

As noted by the TxDOT/Texas Transportation Institute project, “Guidelines for Aesthetic Design
in Highway Corridors: Tools and Treatments for Texas Highways,” the goal of aesthetics design
in the highway environment is to create a pleasurable experience for the user and a positive
contribution to the visual character of the community, while attending to safety and efficiency
needs.(/50) This can be approached through visual quality and four related information factors:
complexity, coherency, legibility, and anticipation.(/57)

Context sensitive solutions also minimize impacts to sensitive areas during design. Ideally, the
highway project is planned to fit the particular topography, soils, drainage patterns, and natural
vegetation as much as practicable. To this end, designers collect information and/or map surface
waters, natural drainage ways, and direction of drainage patterns. Examples of stewardship
practices DOTs have taken in design to avoid environmental impacts include:

e Asymmetrical widening to avoid wetlands, critical slopes, active slide areas, or the
locations of endangered plant species.
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e Alignment or profile shifts.

e Design deviations

¢ Installing guardrails to avoid slope flattening that will encroach upon sensitive areas.
¢ Building retaining walls to minimize the fill footprint.

e Minimizing clearing limits to avoid impacting buffers.

e Reuse of existing bridge abutments to help avoid disturbance to native vegetation and
endangered species.

e Use of materials that blend with the natural setting of the area.

e Use of timber bridge rail, timber guardrail, and timber handrail in some cases rather than
guardrail and concrete barrier walls.

The 1998 State DOT “Thinking Beyond the Pavement Workshop,” identified the following
recommended actions for states which may be considered practices that achieve environmental
stewardship: (/52)

e Adopt Federal language from 23 U.S.C. 109 in their own policies to include
environmental, scenic, aesthetic, historic, community, and preservation criteria in
projects, along with safety and mobility.

e Advance the philosophy of context sensitive design in the strategic plans of AASHTO
committees.

e Review procedures, organizational structure, and staffing to encourage and
institutionalize context sensitive design.

e Develop educational programs for staff and consultants that develop the necessary
attitudes and skills to carry out context sensitive design, including highway design,
communication skills, and process improvements.

e Provide the tools necessary for context sensitive design, including 3D presentation tools.

AASHTO Environmental Stewardship Demonstration projects highlight success stories in
implementation of CSS/CSD initiatives in Kentucky, Utah, North Carolina, and Wisconsin.(/53)

State DOT CSD/CSS Policies, Plans, Guidelines, Agreements, Training, and Examples

Caltrans’ Context Sensitive Design approach implements the Director’s Policy on Context
Sensitive Solutions and the Deputy Directive on Accommodating Non-Motorized Travel.
Caltrans’ Highway Design Manual Philosophy and Application of Standards provide for the use
of nonstandard design when such use best satisfies the concerns of a given situation through an
exception process. Practices and design opportunities for downtown areas are included in the
agency’s booklet on Main Streets: Flexibility in Design and Operations. Caltrans has also
produced internal articles on “Innovation: Context Sensitive Solutions” and Context Sensitive
Design Powerpoint Presentation and case studies on U.S. Hwy. 50 Operational Improvements
Project in Placerville and The Donner Park Overcrossing.

Connecticut DOT has promoted context sensitive design through statewide awareness training,
training courses for its managers, and development of an ongoing training course for engineers
through collaboration with the University of Connecticut’s Engineering Department. ConnDOT
sponsored a regional context sensitive design workshop with CSS leaders and 300 participants
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from 18 states and the District of Columbia, comprised of 85 percent transportation professionals
and with 15 percent representing stakeholder interests outside transportation. An Executive
Summary is available on-line. ConnDOT also is utilizing a Connecticut Farm Map in CSD/CSS.

Florida DOT’s Public Involvement Handbook, updated in 2003, addresses CSD/CSS issues.

The Kentucky Transportation Cabinet has held extensive training workshops in context
sensitive design, geared toward all participants in the project development phases. The Kentucky
Transportation Center maintains CSD/CSS case studies, and the KYTC Context Sensitive
Design Workshop is available on-line as is Kentucky Streetscape Design Guidelines for Historic
Commercial Districts. KYTC’s premier CSD/CSS project is the Paris Pike which created a 4
lane road with curvilinear alignment, timber guardrails, grass shoulders, large trees and rock
fences retained along roadside, and stone veneer on headwalls and bridges. KYTC stripped,
stockpiled, and returned the silt loam topsoil to its original thickness after grade and drain work
was completed.

The Maryland State Highway Administration developed a “Thinking Beyond the Pavement”
strategic plan to guide CSD/CSS implementation, conducted charettes to identify project
development process strengths, designed a project evaluation instrument, and established teams
to review and implement project improvement strategies. MDSHA developed a process to move
beyond a “traditional” engineering approach to transportation projects and developed a new
means of roadway improvement design that captures the broader effects of transportation safety
and mobility decisions on 1) specific community needs, 2) on the land use decisions that are
likely to follow, and 3) the cumulative impact on air/water quality and quality of life. The result
of this mission was a new planning/design process subsequently used in scores of projects and
communities and published in When Main Street is a State Highway. SHA replaced what they
called a “cookie-cutter” approach to roadway design work with a method that better reflected
each community’s unique character and living environment. Participating communities are
given a clear understanding of the choices involved and the information necessary to make
effective, long-term decisions. The approach has now been used in over 50 constructed projects
and no project has had to be redesigned because of opposition or lack of understanding for its
need.

The process has also formed the basis for organization-wide training whereby highway engineers
have been empowered to go beyond “standards-driven” design solutions. MDSHA has been
called upon to deliver training using this approach to other DOTs and to partners in Architecture,
Planning, Urban Design and Historic Preservation nationally. MDSHA has developed an
internal orientation course for CSD/CSS and MSHA’s project development process, a
Resource/Reference Guide for project managers, introductory and advanced-level project
management courses, and advanced level, topic-specific project management courses, as well as
a support system for project managers that include mentors and other resources.

In support of CSS/CSD and the governor’s Smart Growth Initiative, MDSHA’s Neighborhood
Conservation Program (NCP) provides funding for projects that stimulate growth and investment
in older communities. The NCP projects are initiated by a community contact to SHA requesting
assistance in addressing traffic issues with regard to pedestrians, transit riders, bicyclists and
motorists. The program gives priority to improvements along state highways located within
designated neighborhoods and part of Priority Funding Areas where the improvement will ignite
economic growth, contribute to other revitalization efforts and promote neighborhood
conservation. A key component of the NCP is total participation throughout the process by the
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affected community. The community and SHA form a partnership to gather information, define
the concerns to be addressed through the project, and then create viable alternatives. SHA
provides the technical expertise while community representatives assure that the functioning
needs of the town are met through design plans and implementation. Working together, the team
develops plans for improvement that will create more livable, convenient and enjoyable
communities. More than $124 million is funded for NCP projects through fiscal year 2006 for
improvements such as roadway reconstruction, roadway signing, lighting and traffic controls,
constructing curb and gutter, sidewalks and transit shelters, improvements to existing storm
drainage lines, streetscape design, and pedestrian and bicycle accommodations and safety.(/54)

Mn/DOT’s policy is to use a “Context Sensitive” approach to create excellence in transportation
project development—an approach that incorporates design standards, safety measures,
environmental stewardship, aesthetics, and community sensitive planning and design. Mn/DOT
Technical Memorandum No. 00-24-TS-03 outlines the department’s commitment to CSD.
Mn/DOT is incorporating context sensitive design into all aspects of transportation project
development—planning, design, construction, and operations through new policies, extensive
research, and training programs. Mn/DOT has developed many implementation resources,
including the use of visualization technologies to support CSD. Mn/DOT produced Context
Sensitive Design, the Road Best Traveled and an Executive Summary that serves as a good
introduction to CSD principles and design practices. Also, Mn/DOT’s entire CSD/CSS
workshop is available on-line, addressing CSS issues in sessions as follows:

e Session 2: Mn/DOT Introduction

e Session 3: What is Context?

e Session 4: Introduction to Design Workshop

e Session 5: Design Workshop Session A: Defining the Context

e Session 6: District Engineers Panel
e Session 7: The “Think” Method of Design

e Session 8: Design Workshop Session B

e Session 9: Walking Tour of Excelsior Boulevard

e Session 10: Creative Engineering

e Session 11: Design Workshop Session B Continued

e Session 12: Edee and System Relationships

e Session 13: Aesthetics and Landscaping

e Session 14: Design Workshop Session C

e Session 15: Public Involvement

e Session 16: Putting It All Together

e Session 17: Design Workshop Session D
e Session 18: Getting It Built

e Session 19: Presentation of Working Case Studies

e Session 20: Closing Comments
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e Resource Case Studies

e Glossary

e Bibliography
One of Mn/DOT’s premier CSD/CSS examples is the 47-mile Minnesota Highway 38 Edge of
the Wilderness National Scenic Byway, which offers a winding route around lakes and wetlands.
The project involved partnerships with federal, state and local parties to guide the design process.
More than 90 percent of the highway would have been altered to increase the design speed to 55
miles per hour, which would have required some cut and fillsover 25 feet high and clearing
limits as great as 190 feet. It was agreed that the existing horizontal and vertical alignment
would be maintained as much as possible unless spot upgrading could significantly improve
safety. Six foot paved shoulders with a continuous rumble strip to lessen the roadway footprint
on the land, and guardrails occasionally extended to further protect in-place resources.
Additional design flexibility included shallow ditch bottoms at higher vertical alignment points
and increasing the back-slope steepness to minimize vegetation and visual impacts. Special care
was taken to choose appropriate native turf establishment. Roadside maintenance practices have
encouraged the re-establishment of native vegetation. Under the direction of a Leadership
Board, the corridor continues to be maintained, redesigned, and reconstructed following best-
practice environmental design principles.

A recently completed University of Minnesota research project, entitled Attributes and
Amenities of Minnesota’s Highway Systems that are Important to Tourists, studied eleven scenic
byways in Minnesota, including Highway 38. The research examined user preferences for
physical characteristics, aesthetics, and amenities of each roadway segment. Early focus groups
provided a framework for the study and results revealed that road travelers are able to
differentiate between physical and socially derived attributes and amenities, roads do have strong
character and can strongly influence user trip satisfaction.(155)

The Montana Department of Transportation (MDT) and the Western Transportation Institute
hosted a Context Sensitive Design Workshop with attendees from 38 states and South Africa.
MDT’s premier CSS project is Highway 93, which will include 42 wildlife crossings, including
culverts, bridges, and two overpasses. The Memorandum of Agreement (US Highway 93 from
Evaro to Polson) MTDOT, FHWA, and the Confederated Salish and Kootenai Tribes is available
on-line.

Utah committed to a culture change process as part of implementing Context Sensitive Solutions
at UDOT. The effort is focused on addressing the transportation need and being an asset to the
community that is compatible with the natural and built environment. UDOT provides guidance
for implementing these principles on their website. The initiative has focused on community
outreach and project development and includes assessment of stakeholder attitudes and internal
practices, an implementation and staff training plan, and post-implementation assessment.
UDOT also created a Directorate position for Context Sensitive Solutions, to provide leadership
and coordination for the agency’s CSS Program. Other position responsibilities include
development of long-range plans for the CSS Program.

Nevada’s Governor stated “because [highways] affect our ecosystems and the way our
neighborhoods and places of business connect to each other, they influence the quality of life of
every citizen in the state;” in response Nevada DOT (NDOT) developed a Pattern and Palette of
Place: A Landscape and Aesthetic Master Plan for the Nevada State Highway System that
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provides guidance for aesthetic treatments for city streets, rural roads, gateways, rest areas, and
various other circumstances. In many cases it also provides guidance through examples of
various levels of aesthetic treatments, from no cost to high cost. The document also discusses the
process of developing a project that is aesthetically pleasing and fits into the context of its
environment.

New Jersey DOT has implemented a training program for highway engineers and other
transportation professionals, along with stakeholders in New Jersey host communities, to ensure
Context Sensitive Design Awareness in New Jersey. This program emphasizes the use of
effective public involvement techniques, implementation of design flexibility, and the concept
and importance of “Placemaking.” NJDOT’s premier CSD/CSS project is Route 35 Coopers
Bridge over the Navesink River between Red Bank and Middletown, which was dedicated in
2000 after five years of planning and redesign by a partnership between the communities and
NJDOT.

New York DOT gives internal awards for Context Sensitive Solutions. The agency’s
philosophy aims for projects that are in harmony with the social and natural environment and
community needs, and show measurable success in improving the community’s environmental,
scenic, aesthetic, historic, and natural resources, above and beyond mitigation requirements. To
that end, NYSDOT has developed a number of resources to implement CSD/CSS including:
NYSDOT Engineering Instruction 01-020, NYSDOT CSS Implementation Plan, and a review of
Context Sensitive Solutions in New York Construction News. NYSDOT also provides its staff a
Place Audit: An Assessment Exercise from the Project for Public Spaces to help assess a site’s
current and potential performance.

North Carolina DOT worked with the Center for Transportation and the Environment to
develop CSD/CSS Presentations used in training NCDOT engineers and project managers. Also,
the University of North Carolina Highway Research Center developed a document entitled
Visualization: Guidance for the Project Engineer, which provides an overview of visualization
capabilities and techniques, a discussion of cost benefits and development time, and a survey of
the state-of-practice of state DOT visualization techniques.

Oregon DOT developed CSD/CSS guidelines for Historic Downtown Main Streets: Strategies
for Compatible Streetscape Design. The Portland, Oregon Traffic Calming Program is also
available on-line. Context sensitive design guidance for natural resources is under development;
ODOT plans to apply such practices and standards programmatically in rehabilitation of Oregon
bridges.

Texas DOT developed a Landscape and Aesthetic Design Manual, which provides in-depth
information and guidance on landscape and aesthetic design and includes details about selecting
and using specific aesthetic treatments, as well as design planning and evaluation for common
structural elements as well as common transportation features like interchanges, highway
corridors, entrance and exit ramps, and more. Complimenting the Landscapes and Aesthetic
Design Manual, TxDOT and the Texas Transportation Institute developed Guidelines for
Aesthetic Design in Highway Corridors: Tools and Treatments for Texas Highways, a reference
to assist TxDOT designers and consultants in selecting and specifying appropriate aesthetic
treatments for transportation projects. The project developed Technical Data Descriptions with
fundamental information about the character, advantages, disadvantages, costs, and maintenance
implications of aesthetic treatments or elements designers may consider for use on highway
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projects. The aesthetic treatments or elements addressed in the Technical Data Descriptions
include: (156)

Example 4: Aesthetic Treatments Discussed in TxDOT Guidelines for Aesthetic Design - Site Amenities & Public Art

Concrete (Poured-in-Place) - Coatings and Coloring Paving
e  Sealer Stains e  Brick and Concrete Pavers
e Acid Stains Traffic Barriers

e Integral Color e Movable Concrete

e  Color-Hardened Concrete e Interior Planter Support System

Asphalt - Textures
e Patterned Asphalt

Asphalt - Color
e  Surface-Coated

e  Thin-Set Surface Coatings

Concrete (Poured-in-Place) - Textures
e Sandblasting

e (Colored, textured Concrete
e Integral Color

®  Form Liner Finishes Pedestrian Barriers

Veneers e Railings
e  Brick and Stone
e Fences
o Tie Lighting
Concrete (Modular) - Walls e  Accent Lighting

e  Concrete Masonry Units

e  Modular Block

e  Fiber-Optic Lighting
e  Specialty Street Lighting

VTrans or the Vermont Transportation Agency has focused the agency’s CSD/CSS efforts on
Historic Bridge Program, Danville Project, the Shelburne Road Project, and Vermont Byways.
The Danville Transportation Enhancement Project is a partnership among VTrans, the Vermont
Arts Council and the Town of Danville, Vermont to integrate artistic enhancements into the
redevelopment of a portion of U.S. Highway Route 2 through the village center, to “enhance the
essence of a small, close-knit rural community by providing a safe, attractive and comfortable
pedestrian environment in the Village of Danville while celebrating its unique historic, built and
natural features.” The project provided better sight lines and improved vehicular and pedestrian
safety while respecting the aesthetic and socio-economic fabric of the community. VTrans is
also in the process of developing a statewide layer of critical wildlife corridors, the first products
of which will be developed by late 2004, in addition to undertaking research to minimize human
and beaver conflicts.(157)

Washington State DOT’s approach to CSD/CSS helps implement the WSDOT Livable
Communities Policy. WSDOT Roadside and Site Development and WSDOT Design
Visualization Services provide implementation tools. WSDOT has emphasized learning from
others both nationally and internationally, through sponsorship of a 2002 Regional US-Canadian
CSD Workshop and the CSD-100 International Symposium Main Street America Meets Main
Street Europe. The agency provides Geometric Design Practices for European Roads on the
WSDOT Context Sensitive Design website. In 2003 WSDOT published “Building Projects that
Build Better Communities - Recommended Best Practices.”
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WSDOT’s Roadside Manual includes guidance on “Design Enhancements,” which WSDOT
defines as “the incorporation of manmade elements in the landscape to accomplish goals such as
expression of community character, marking a community entrance, providing corridor
continuity on a scenic or recreational highway, and as mitigation for visual impacts.”(/58)
Examples of such enhancements occur on tunnel portals, bridges, noise walls, community
entrances, rest areas, and park and ride lots and may consist of a landform, water feature, wall or
barrier texture, color, pavement type, brick variation, site furnishings, or a combination of
elements, including incorporation of impressions into a wall, barrier, or bridge structure.

WSDOT’s Washington State Roadside Manual also calls for the following questions to be
answered at the 30 percent review point: (/59)

What is the purpose of design enhancement?
What is the community character?
What is the historical significance?
What is the cultural significance?
How does enhancement contribute to corridor continuity?
Who is the audience?
o Driver & passengers
o Transit and rail users
o Pedestrian or recreational users
o Community/neighborhood residents
How long will the design enhancement be viewed?
o Isiton abridge portal that is seen for long moments on approach?
o Is it on the side of the road and seen only briefly?
o Is it at an intersection where drivers will be stopped at a light?
o Isitata park and ride lot or safety rest area?

Is the design enhancement in a publicly accessible area (such as a viewpoint, park, or
plaza)?

How great is the potential for vandalism on the site?

Will the design enhancement create a distraction or act as a fixed object that can be a
hazard?

Will the design enhancement block sight lines (to signs, merging traffic, etc.) or infringe
on safety?

Will the design enhancement be lighted?

Will lighting create a distraction or glare problem?

Can the lighting be developed to enhance visibility for both road users and pedestrians?
How high is the chance that the design could become an attractive nuisance?

What are the dimensions of the design enhancement?

Does its scale relate to its context?
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Incorporation of art into the design of a facility is an option for some projects, including a
repeating element or pattern along the length of a corridor, which can include wall textures,
luminaire design, railing design, or site furnishings such as bicycle racks, street tree grates,
trashcans, or benches. The WSDOT Traffic Manual, “Signs” has a section on Community
Entrance Markers (under “Miscellaneous Signing”) that provides guidelines on these elements.

WisDOT’s Community Sensitive Design Development has resulted in a Policy/Philsophy
Statement for CSD in WisDOT, revision of the WisDOT Facilities Development Process to
include public involvement opportunities earlier and more often, development of policy and
guidance on formats for Public Involvement meetings and coordination and extensive outreach to
internal and external stakeholders in the development of policy changes. Design criteria tables
and guidance were expanded to incorporate the full range of flexibility provided in the AASHTO
“Green Book™ guidance.(/60) Whereas WisDOT FDM design criteria formerly fell in the middle
to upper range of the AASHTO design criteria, the revised design criteria include AASHTO
minimum design criteria available with justification addressing safety, traffic operations and
social and environmental effects of a project. Design Standards and Planting and Aesthetic
Design components of the manual received particular attention. The WisDOT Local Cost Share
Policy is being revised to incorporate more aesthetic elements into projects by expanding the list
of eligible items to include low cost treatments such as textured and colored concretes and to
incorporate budgets that can be used to fund “non-standard” treatments outside the list of eligible
items.

WisDOT has developed CSD training workshops for over 400 WisDOT staff and other
stakeholders. Outreach has included such groups as local government officials, environmental
groups, state and federal agencies, Wisconsin Transportation Builders Association, Wisconsin
Association of Consulting Engineers, and special interest groups. At the training sessions,
attendees are provided with a CSD training manual and copies of the WisDOT FDM revisions,
developed by WisDOT Roadway Development Engineers. They also receive a copy of the
FHWA publication “Flexibility In Highway Design.” To support CSD/CSS work in each
district, WisDOT also established “aesthetic contacts,” given more in-depth training by WisDOT
landscape architects. The aesthetic contacts assist district engineers in refining visual impact
ratings, determining aesthetic budget estimates, and developing aesthetic design treatments.(/67)

WisDOT has also assembled resources on context sensitive solutions that are available to state
transportation agencies on-line, or are in process.(/62)

Roadway Aesthetic Treatments Photo Album Workbook - Federal Lands Highway

The Federal Lands Highway Divisions have extensive experience with aesthetic treatments on
highway projects. In an effort to document innovative practices being applied across the nation,
a Technology Deployment project was initiated to collect information about aesthetic treatments
used in highway construction. The product of this effort is a compact disc with approximately
200 examples of innovative aesthetic treatments. The Roadway Aesthetic Treatments Photo
Album Workbook. The workbook has been showcased at previous annual meetings of the
American Association of State and Transportation Highway Officials and the Transportation
Research Board.

The Aesthetic Treatments Photo Album was produced during FY 2000 and updated in FY 2002,
providing an extensive reference guide of innovative aesthetic treatments that have been applied
on transportation projects nationwide for bridges, walls, barriers, soil and rock cut and fill slopes
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with a focus on roadway case studies. For each aesthetic treatment example as much of the
following information as possible is included:(/63)

e Agency Name

e Brief Project and Aesthetic Treatment Description
e Reason (s) Aesthetic Treatment Used

e Contact Person Name and Address

e (Color Photographs

e Contract Document Plan Sheets

e Construction Specification

e Bid Price Cost Data

e Maintenance Requirements (if any)

Example 5: Federal Lands Highway Special Aesthetic Treatment Categories

5 - Rockfall- Barriers, Fences, Draped Mesh
Weathering steel guardrail

Steel backed timber

Stone masonry or simulated stone

1 - Rock Cut Slope
Rock staining

Rock sculpting

Fresh and weathered
Concrete core w/stone or timber facade

Half casts
2 - Soil Cut Slope Gabion Barriers
Serrated Soil GM rail w/aesthetic treatment

Creation of natural looking land forms Brugg or other proprietary fence

Special vegetative treatments DOT’s own fence

3 - Fill Slopes Colored vinyl coated chain link or gabion mesh fences or
Rock 1.25H : 1V slope screening
Re-vegetated 6 - Bridges

. Colored or stained concrete
Reinforced slopes

Stone masonry or simulated stone

4 - Retaining Walls
Form liner treatments Form liner treatments

Painted or stained face Custom treatments

Natural stone facing Timber

Simulated stone facing 7 - Bioengineering Treatments

Custom treatments

Bush Hammer finished concrete
Vegetation planted facing
Shotcrete facing

MSE w/Precast Facings
Segmental block walls

Welded wire faced

Timber faced
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Waddles

Bio-logs

Live stakes and Live planted walls
Logs and boulders on slope
Bounded fiber matrix

Organic based fertilizer

Riprap barbs

Matings



Context Sensitive Design/Solutions References and Resources

State products for developing Context Sensitive Solutions are listed within state initiatives under
Context Sensitive Solutions. The following technical assistance and guidance is available on a
national basis.

Flexibility in Highway Design (FHWA Pub. No. FHWA-PD-97-062). In an effort to highlight
Flexibility in Highway Design for the environment, FHWA produced this document which
includes an Overview of the Highway Planning and Development Process as well as the
following design guidelines: Highway Design Standards, Functional Classification, Design
Controls, Horizontal and Vertical Alignment, Cross-Section Elements, Bridges and Other Major
Structures, and Intersections.

e Federal Highways Traffic Calming Website is dedicated to all the known and electronically
publicized transportation programs and studies that pertain to traffic calming. As traffic
calming needs often differ, techniques include police enforcement and public education
only in some areas. In others, it means the employment of speed humps while in others it
means the possible use of a wide array of techniques and devices. This web site is
dedicated to all the known and electronically publicized transportation programs and
studies that pertain to traffic calming. FHWA Community Impact Assessment Quick
Reference for Transportation from the Federal Highway Administration. Also, FHWA -
Citizen’s Guide to Transportation Decision Making.

e The National Transportation Enhancements Clearinghouse is an information service
sponsored by the Federal Highway Administration and the Rails-to-Trails Conservancy.
Transportation Enhancements are community-focused activities related to surface
transportation that involve consideration of environmental, cultural, economic, and social
conditions. The site provides an explanation of the Transportation Enhancements
program (a federal-aid reimbursement program) and how it is implemented at the state
level.It provides professionals, policy makers and citizens with timely and accurate
information necessary to make well-informed decisions about transportation
enhancements, including landscaping and scenic beautification. The site includes a
compilation of Web sites, virtual libraries, databases and other Internet resources that
provide information on contacts, reports, legislation, policies, implementation or other
issues relating to activities that can be funded as Transportation Enhancements.

e Thinking Beyond the Pavement: A National Workshop on Integrating Highway
Development with Communication and the Environment, University of Maryland.

e A Policy on Geometric Design of Highways and Streets, AASHTO.

International Scanning Tour on Highway Geometric Design Practices for European Roads.
(FHWA-PL-01-026) The objective of this scanning tour in June, 2000 was to review and
document procedures and practices in highway geometric design and context sensitive design in
several European countries. This “Report” gives a brief discussion on practices the scan tour
participants found most significant.

e A Guide to Best Practices for Achieving Context Sensitive Solutions, Transportation
Research Board. NCHRP 20-07, Task 128 identified, described, and disseminated
information on the best examples of highway projects contributing to enhanced
community livability. The final report was published by AASHTO and is entitled, How




Transportation and Community Partnerships Are Shaping America Part II: Streets and
Roads. The publication is out of print but black and white copies are available from
AASHTO. NCHRP Project 16-04 on Design Guidelines for Safe and Aesthetic Roadside
Treatments in Urban Areas is due to be completed in late 2005. Objectives of the project
are to develop 1) design guidelines for safe and aesthetic roadside treatments in urban
areas and 2) a toolbox of effective roadside treatments that balance pedestrian, bicyclist,
and motorist safety and mobility and accommodate community values. The guidelines
will be based on an evaluation of the effects of treatments such as trees, landscaping, and
other roadside features on vehicle speed and overall safety. The guidelines will generally
focus on arterial and collector-type facilities in urban areas with speed limits between 25-
50 mph.

Project for Public Spaces, Context Sensitive Solutions has published Getting Back to
Place: Using Streets to Rebuild Communities.

Building Roads in Sync with Community Values, Public Roads Magazine.

Getting it Right in the Right-of-Way: Citizen Participation in Context Sensitive Highway
Design, Scenic America.

Traditional Neighborhood Development: Street Design Guidelines, Institute of
Transportation Engineers, 1999.(164)

The National Main Street Program is designed to improve all aspects of the downtown or
central business district, producing both tangible and intangible benefits. Improving
economic management, strengthening public participation, and making downtown a fun
place to visit are as critical to Main Street’s future as recruiting new businesses,
rehabilitating buildings, and expanding parking. Building on downtown’s inherent assets
— rich architecture, personal service and traditional values and most of all, a sense of
place — the Main Street approach has rekindled entrepreneurship, downtown
cooperation, and civic concern.

National Park Service—Rivers, Trails and Conservation Assistance Program (RTCA), is a
community resource of the National Park Service and works in urban, rural, and suburban
communities with the goal of helping communities achieve on-the-ground conservation
successes for their projects. They help communities help themselves by providing
expertise and experience from around the nation. From urban promenades to trails along
abandoned railroad rights-of-way to wildlife corridors, their assistance in greenway
efforts is wide ranging. Similarly, their assistance in river conservation spans downtown
riverfronts to regional water trails to streams.

Walkable Communities

Traffic Calming.org

Context Sensitive Design for Major Urban Thoroughfares, a joint project of the Institute
of Transportation Engineers and the Congress for the New Urbanism begun in 2003 will:
1) Present a new design framework developed in this effort specifically for use in urban
projects, 2) Detail a design process to implement that framework based on current
AASHTO, FHWA, ITE, and other design standards, criteria, and practices, 3) Incorporate
optimal existing guidelines for the total public right-of-way, including but not limited to
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the pedestrian realm, intersections, bicycle facilities, transit, access management, and on-
street parking. The project has received support from EPA and FHWA as well.

3.3. AVOIDING IMPACTS TO ARCHAEOLOGICAL OR HISTORIC SITES

Prior to construction, any potential cultural resources should be identified in compliance with
Section 106 of the National Historic Preservation Act. An archaeological record search should be
conducted during the planning process in accordance with the State Historic Preservation Officer
(SHPO).

AASHTO and NCHRP 8-40 sponsored a study in 2001 focusing on “the improvement of
existing procedures for evaluating cultural resource significance through the use of information
technology.” The first phase of the study involved the collection of information on how state
DOTs and SHPOs use (or do not use) information technology in making decisions on resource
significance. The study found that: (/65)

e Most SHPOs and DOTs have not completed a standard set of historic contexts for their
states; and, if the contexts exist, they exist only on paper.

e Many SHPOs and DOTs do not have their resource inventories in a computer database.

e There are competing state, regional, and national efforts in terms of computerized cultural
resource database development.

e When databases do exist, they were not developed to be used as a tool for evaluating
significance. Rather, the majority is used to describe and locate resources on the
landscape regardless of whether or not they are listed in or eligible for listing in the
National Register.

e The majority of the DOT and SHPO staffs rarely use their cultural resource inventories or
historic contexts to evaluate cultural resources. Rather, they rely on their own personal
experiences and knowledge, and those of their cultural resource consultants.

e DOT and SHPO staff are generally not satisfied with the tools that they have to make and
justify their decisions on resource significance, and they would like to see increased
sharing of information and approaches among agencies and states.

Archaeological Sites

e The following recommendations have been developed with regard to stewardship of
archaeological sites, objects, and districts or complexes on construction sites: (/66)

e Utilize covenants and easements to ensure avoidance, where possible. Donation can
occur as a part of avoidance strategy where preservation responsibility is assumed by a
third party. For example, by preserving nearly 12 acres of archaeological site within the
ADOT right-of-wayi, it is estimated that ADOT saved $2 million in excavation costs. The
preserved site areas will be available for future archaeological researchers. ADOT has
partnered with the City of Tucson, South Tucson, Pima County, the Tohono O’odham
Nation, and the Yaqui Tribe to seek funding that will allow expansion of this preserve
and its incorporation into a cultural and natural resource park (a grant application is
pending).(167)
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Establish a buffer zone of at least 50 feet between the edge of the construction zone and
the edge of the archaeological resource to ensure avoidance. Fencing, earthen berms, or
other permanent barriers can be used to ensure avoidance in conjunction with a buffer
zone.

Add 12-24 inches of topsoil to “cap” the resource by intentional burial. Archaeological
testing must be conducted prior to capping.

Treatment options and design recommendations include: (/68)

Avoidance
Redesign
Realignment

Inclusion of a buffer zone of 50 feet minimum between the edge of the construction zone
and the edge of the resources to ensure avoidance.

Adaptive Reuse

Relocation or removal of historic resource from project area as an alternative to
demolition. Requires design input for site of relocation.

Incorporation of historic elements into new design

Retention of historic setting

Mitigation of road noise

Reduction in traffic speeds.

Retention of historic elevations, lane widths, shoulders and road curvature.

Avoidance of new visual elements, such as curbing, lighting, or signage, that may detract
from historic character.

Landscaping to preserve rural feeling and association where appropriate.

Recording/Research, which may include: drawings, photography, records research, and
informant interview

Placing information kiosks/signage in highly visible areas with roadside turnoffs to
provide public access. Use in conjunction with recordation and research.

Historic Resources

Historic resources can include buildings, structures, objects, districts, and landscapes. Roads
may be deemed historic for aesthetic, engineered, or cultural values. Although states often
catalog thousands of archaeological sites, there are many problems with these databases for
building statewide predictive models. In addition to lack of computerized data and wide
variations in the comprehensiveness and intensity of survey in different parts of the state, data is
often incomplete or unreliable for particular sites and inventory typically only where researchers
expect sites to be, leading to under-representation in less known areas. These problems
complicate and in some cases prohibit the development of predictive site location models that
could assist in design for avoidance of likely sites and minimize accidental finds during
construction.(/69)
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Nevertheless, DOTs have developed a variety of ways to steward cultural resources and historic
sites in the course of design and construction:

When more burials than anticipated were discovered on TxDOT Mission Refugio project,
TxDOT expanded the scope of its public involvement process and contacted other
possible stakeholders, including the Refugio county judge, Refugio government officials,
a local history museum, and community members. Many of these stakeholders helped
TxDOT identify historic features and artifacts.(/70)

When the Arkansas State Highway and Department of Transportation (AHDT) took on
the expansion of a one-lane bridge over the Mulberry River in the Ozark National Forest,
they chose to construct a rock retaining wall,
made with native stone quarried from near the
construction site. Using local stone to build
the structure was lower in cost than some
traditional systems, and was much cheaper
than a masonry face. It also enabled the wall
to fit in with the natural surroundings. The
team chose a mechanically stabilized earth
(MSE) wall system, using geogrid
reinforcements for the taller walls, covered by
the locally quarried stone. It required no
special equipment or labor, and provided
more flexibility without distress. AHDT
widened the existing gravel road to two travel lanes with shoulders; constructed a bridge
over Indian Creek; developed drainage improvements; and designed functional, yet
aesthetic, retaining walls for the project. Native stone also provided natural water
drainage. Concrete would have enabled water to seep into the walls when the Mulberry
River flooded, causing a buildup of hydrostatic pressure through water retention.
Retaining walls are now free-draining, eliminating the need for a human-engineered
drainage system.(/71)

Figure 4: Arkansas SHDT Historic Bridge and
Native Stone Retaining Wall

NHDOT continues to maintain just over 50 covered bridges. Hundreds more used to
exist and the rebuilding effort began with the passage of a new law that allowed New
Hampshire to use State Bridge Aid money to rebuild former covered bridges. With an 80
percent share from the state and 20 percent from the town, each new covered bridge had
would have to meet legal load and height standards. The $3 million Smith Millennium
Covered Bridge (Long Truss with integrated
arches spans 163 feet over the Baker River in
Plymouth) can handle two 18-wheel tractor-
trailer trucks passing each other. It combines the
historically proven qualities of a wooden
covered bridge with more modern amenities,
such as a fire detection system, lighting for the
interior travel way and an exterior sidewalk. A
picture is included to the right. This and other
new covered bridges in New Hampshire are the

result of state and community partnerships that ~ Figure 5: NHDOT Smith Millennium
Covered Bridge
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led to the rebuilding of local landmarks, thus restoring part of the state’s heritage that are
also highly functional parts of the state’s transportation system. They are structures that
both honor the past and look to the future.(/72)

3.4. HABITAT CONNECTIVITY AND WILDLIFE CROSSINGS

Wildlife issues are on the rise for state DOTs. Wildlife related concerns include habitat
fragmentation and connectivity for wildlife, loss of habitat, increasing numbers of threatened and
endangered species, and secondary and cumulative impacts.

The federal Endangered Species Act prohibits harm to or take of any listed species or adverse
modification of designated critical habitat. Some of the existing regulations can be reviewed at
the Overview of the U.S. Fish and Wildlife Service and recent developments at AASHTO’s
Center for Environmental Excellence website. Other sites which provide regulatory information
include the USFWS’ Digest of Federal Resource Laws of Interest to the U.S. Fish and Wildlife
Service, Executive Orders, FHWA’s Summary of Environmental Legislation Affecting
Transportation, December 1998 and the Center for Wildlife Law’ Federal Wildlife and Related
Laws Handbook, Statute Summaries. Maintenance and construction staff are responsible for
ensuring that no threatened or endangered species within areas they are working are injured or
destroyed or their habitat impacted without proper permits. DOTs are implementing stewardship
practices specific to certain threatened and endangered species as well as practices designed to
benefit wider groups of species and ecosystems more proactively. This sections specifically
focuses on what DOTs are doing to improve habitat connectivity and the ability of wildlife to
safely cross roads.

State transportation agencies currently employ a mix of underpasses, bridge extensions, culvert
installations, and culvert modifications, and associated fencing and ecowalls to facilitate wildlife
movement. Effective wildlife fencing and crossing structures can significantly reduce many
harmful impacts of roads on wildlife populations, though such measures can contribute to habitat
fragmentation. More and more DOTs are exploring wildlife passages and culvert retrofits as
means to enhance wildlife passage. In a few cases overpasses are being built. From a wildlife
conservation perspective, the impacts addressed by these stewardship measures include habitat
loss, habitat fragmentation, degradation of habitat quality, road avoidance zones, increased
human activities, direct mortality, reduced biodiversity, genetic isolation, chemical
contamination, changed hydrology for fisheries, reduced access to vital habitat, disruption of
processes important to animal life cycles, and disruption of the food chain. Rigorous evaluation
of the success of these measures has been implemented more slowly as funding for such work
after the conclusion of construction is harder to find and frequently involves partnerships with
others. In a 2002 survey by the author, 17 of 50 state DOTs said they were beginning to
systematically incorporate wildlife crossings into roadway designs, but only a couple state DOTs
had wildlife crossing policies, and only two states reported they had prioritized barriers for
correction based on benefit evaluation.(/73)

NCHRP 25-27, starting in 2004 and concluding in 2007, will investigate what guidelines are
currently used by DOTs to determine wildlife crossing dimensions or design, the decision
process, and any tools or aids that are used in that process. As of early 2002, only five state
DOTs reported providing some direction to designers in this regard. In dissecting existing
decision processes, NCHRP 25-27 will seek to understand the various factors used to decide
what type of crossing will be employed as well as the extent to which long-term maintenance
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costs (annuities) of a highway structure guide selection (e.g. steel arch culvert vs. precast
concrete girders with concrete deck). Ultimately the project will produce design guidance and a
decision support tool for DOTs, as well as measures of cost and effectiveness.(/74)

Identifying Locations for Wildlife Crossings

The locations of wildlife crossings and/or problem areas are critical for effective mitigation of
the barrier effect caused by highways; however, few methodological approaches to identify and
prioritize these key areas have been explored. Only three state DOTs reported using modelling
tools to identify habitat linkages as of 2002, and only one state did so for a large number of
species on a statewide basis.(/75) Six states had embarked on or participated in statewide efforts
to determine connectivity needs as of early 2002.(/76) Several more have begun to do so over
the past two years.

Planning for wildlife crossings can be very involved; however, much can be accomplished using
rapid assessment techniques, available information, and expert panels. The Forest Service’s
national expert on wildlife crossings advocates a simple rapid assessment approach that has
proven effective in a variety of circumstances, is fast, and affordable: (/77)

e Select highways to be examined.
e Select species for analysis

e Use available, spatially specific information, especially that available digitally in
geographic information systems (GIS).

e Use a team of local biologists. Teams can often examine 100 miles/day.

DOTs, resource agencies, universities and non-governmental organizations such as The Nature
Conservancy, American Wildlands, and the Rocky Mountain Elk Foundation have attempted to
fill this gap by conducting workshops, often with DOT sponsorship. Biologists, researchers, and
regulatory specialists come together in a workshop setting to make decisions on conservation and
connectivity needs based on analysis of best available environmental data. With recent
requirements of all states to identify priority conservation areas, new opportunities for
interagency identification and prioritization of wildlife crossing needs are emerging.

NCHRP 25-27 will survey state transportation agencies to determine what information is used to
determine location and number of wildlife crossings on planned sections of highway-
improvement project, whether models are developed around political, project, or ecological
boundaries, and whether connectivity needs are assessed at the project level, political/statewide
level, or the level of ecoregions surpassing political boundaries.

Monitoring Wildlife Crossings

Performance evaluation of crossing structure depends upon adequate monitoring. Future design
benefits from such information as well. Most monitoring efforts to evaluate wildlife crossings
have been short-term and focused on discerning whether target species are using the crossings.
Monitoring programs have largely been aimed at single-species or have been confined to certain
taxonomic groups; consequently, such programs may fail to recognize the requirements of other
non-target species and ecological processes. Further, studies have generally failed to address the
need for wildlife adaptation to environmental change. How well crossings ultimately perform
depends on how well they accommodate changes in wildlife species distributions, abundance and
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behavioral profiles. Wildlife crossings are expensive measures, but a large void exists in
devising cost-effective designs based on ecological and engineering criteria. Also, the current
information base on wildlife crossing performance is geographically limited.

While nine of 50 state transportation had modified culverts for enhancement of connectivity
across roads as of 2002, only four of these monitored such crossings with feedback to DOT
designers and/or the state or federal wildlife agency.(/78) Eight of 50 state DOTs reported
monitoring specially constructed wildlife underpasses, with feedback to design and wildlife
agencies.(/79) Though DOTs more commonly employed bridge extensions to facilitate wildlife
passage, usage by wildlife was much less frequently monitored than with other crossing
technologies.(/80)

According to research by the Western Transportation Institute, evaluation of a wildlife crossing
structure installation may involve consideration of the following issues: (/87)

e Motorist safety and animal-vehicle collisions

e Ecological impacts of mortalities and the “barrier effect” due to roads and traffic on
individual animals, on a specific species, on populations of animals, on ecological
communities and biodiversity, or on ecosystem processes and functional landscape
integrity.

NCHRP 25-27 will add to this knowledge base by collecting details about types and methods of
wildlife crossing monitoring in use, how often monitoring occurs, and the length of time for
which it has occurred. The project will seek to detail the ecological criteria currently used to
judge whether wildlife crossings are functional or effective, whether targets are established in
advance, criteria are based on single target species, observed frequency of use by target or
multiple species, population- or ecosystem-level data collection and analysis, or accident
reduction.

Wildlife Crossing Techniques, Research, and Resources

This section reviews environmental stewardship practices and features that are being
incorporated in many transportation projects across the country, including the restoration or
preservation of habitat as mitigation and the addition of wildlife underpasses, overpasses, bridge
extensions, enlarged culverts, and fencing by many states dealing with the realities of wildlife
conservation and motorist safety. These practices were initially presented in NCHRP Report 305
and are summarized herein. Habitat-related mitigation and conservation measures are some of
the most effective measures and are used to address the broader ecological concerns associated
with reductions in habitat and wildlife connectivity. Model stewardship practices in this area
will also be briefly reviewed.

Existing crossing techniques can also be view at the Wildlife Crossing Toolkit developed by the
U.S. Forest Service. Their website offers a searchable database of case histories from a wide
variety of locations, time periods and wildlife species where people have attempted to solve
issues resulting from wildlife/highway interactions.(/82)

Research by the Western Transportation Institute found that the physical dimensions of the
underpasses had little effect on passage because animals in the Banff National Park in Canada
may have adapted to the 12-year old underpasses; however, structural attributes were more
important on newer structures. Furthermore, the level of human activity in the vicinity was an
important factor suggesting that mitigation strategies need to be proactive at the site and
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landscape level to ensure that crossing structures remain functional over time, including human
use management.(/83) The Western Transportation Institute is developing a vehicle-animal
collision “toolbox” of countermeasures, which will provide detailed information to support
application choices and decisions, and performance measurement.(/84)

The remainder of this section consists of summary excerpts from NCHRP Synthesis Report 305
and practices adapted from that discussion with regard to wildlife crossings, except where
otherwise noted.(/835)

Fencing

Fencing is a common practice used throughout the world to keep animals off highways. Twenty-
eight states report using fencing to protect wildlife. The most frequent application is to keep
deer off of roads. Deer are locally overabundant in a number of states, and fencing has proven to
be an effective way to keep deer off the roads. Clevenger (/86) reported an 80 percent reduction
in ungulate-vehicle collisions on the Trans-Canada Highway in Banff National Park after
fencing.(/87)

e Design fencing applications for target species. Typical fencing applications are
rectangular mesh or chain link fence from 2.6 to 3.0 m (8.5-10 ft) high. Florida and some
European countries use strands of barbed wire along the top of the fence to discourage
animals from climbing over the fence. Also used is finer mesh wire of from 2 x 2 cm
(0.78 in.) to 4 x 4 cm (1.57 in.) buried 20 to 40 cm (7.87-15.75 in.) with a height
extending from the ground of from 0.5 to 1 m (1.64-3.28 ft).

e Keep local wildlife interactions in mind when designing fences. For example, in
California fencing application in areas with kit fox and coyotes provide a gap under the
fence just large enough for the kit fox to negotiate at full run so that the latter can escape
predators such as the coyote.

e For reptiles and amphibians, bend the upper edge of the finer mesh at a 90-degree
angle to provide a lip to prevent animals from climbing over the fence. In Waterton
Park, Canada, a temporary silt barrier type fence was used to direct frogs into polyvinyl
chloride (PVC) drop traps so that volunteers could move them across the highway to a
pond during the few-week-long migration period. Europeans have used a PVC barrier
with an angled lip to keep reptiles and amphibians off the highways as well as a
fabricated galvanized steel rail with a barrier lip along the upper edge. lowa DOT has
placed finer mesh fence at the bottom of regular fence to prevent smaller wildlife such as
turtles, snakes and other small animals from getting on the Eddyville Bypass and
Highway 63 at the Bremer-Chicksaw county line. This fencing approach has been
commonly used in Europe to keep smaller animals off highways.

e Bury fine-meshed fencing at the bottom in use with pipe culverts for small animal
connectivity or in association with other ROW fences. This practice has been
successfully used under highways in Europe in culvert pipes with diameters
approximately 0.4 m to 2.0 m (1.31-6.56 ft). California used a unique fencing application
for desert tortoise approximately 6 km (3.7 mi) east of Kramer Junction on Highway 58
in San Bernardino County. A finer [1.27 ¢cm (0.5 in.)] mesh section of wire fence,
approximately 50.8 cm (20 in.) in height, was installed along the bottom of a typical
1.22-m (4-ft) right-of-way fence. The finer mesh fence was buried approximately 15 cm
(5.9 in.) to prevent animals from going under. This portion of the fence was held in place
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using three strands of wire. The fencing application was done on an approximately
35.42- km (22-mi) section of four-lane highway. The fencing angled into the road at a
series of culverts and bridges that were constructed for wildlife connectivity.

e Fence installation decisions should account for the potential for wildlife to be
trapped between the fences should they find a way to enter the rights-of-way under,
over, or around the fence ends. Because fencing is not totally exclusionary, Bissonette
and Hammer studied two highway sites in Utah to compare the use of one-way gates and

earthen ramps. They found that earthen ramps were used from 8 to 11 times more than
one-way gates. Irrespective of the species, fencing without provisions for movement
across the road can cause disruption of connectivity resulting in isolation of populations.
This can be especially problematic for species with low populations, where the possibility
of extinction can result.

Culverts

Properly designed culverts can enable wildlife to cross roadways by passing under an
intersecting roadway through a culvert. A culvert is a conduit covered with embankment around
the entire perimeter. It may or may not convey water. Small conduits for amphibians are
sometimes called tunnels. The following table is from the U.S. Forest Service on-line Wildlife
Crossing Toolkit.(/88)

Table 8: U.S. Forest Service Wildlife Crossing Toolkit Guide to Culverts

Category

Definition

Shape

Typical Material

Box Culvert

Culvert has four sides,
including bottom.
Sometimes square or
rectangular corrugated
metal pipe culverts without
bottoms are called box
culverts, but in this toolkit
they are referred to as
bottomless culverts.

Box culverts may be
arranged in a horizontal
series of small culverts to
form multiple chambers.

(i

Square or Reclangular

_ <
- {‘/_, "5%%_ i

Multiple Chamber

Precast concrete
Cast-in-place concrete
Wood

Culvert
(Continuous)

Culvert is continuous in
circumference. The lower
portion may or may not be
buried. Sometimes simply
called pipe. European
badger culverts are
sometimes called
ecopipes.

Slotted drain culverts are
continuous except for a
break

in the upper portion.

Elliptical (Squash Pipe)

Corrugated metal pipe
Metal plate
Cast-in-place concrete
Precast concrete
Wood
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Culvert is discontinuous in
circumference with
rounded or square top and
natural surface bottom.
Also called open-bottom
culvert.

Bottomless
Culvert

=20 y & 5 ";%rj
m Arch (low Profile)

=
[ 4 i‘l

|
Sy - J.; \

Arch (high profile

Corrugated metal pipe
Metal plate

Precast concrete
Cast-in-place concrete
Wood

Square or Reﬁngular

From Forest Service Wildlife Crossings Toolkit on-line at http://www.wildlifecrossings.info/cst2.htm

Modified Drainage Culverts

Drainage culverts can be modified to accommodate wildlife, a practice increasingly implemented
by state DOTs and for which the Netherlands is reknowned. Small mammals and amphibians are
able to move through the culverts on shelves and floating docks or through wildlife tunnels built
parallel to the wet culvert. NCHRP Synthesis Report 305 identifies the following stewardship
practices with regard to modified drainage culverts: (/89)

e Addition of a 0.46 m wide % 0.30 m high (18 in. x 12 in.) elevated concrete walkway
can allow animals to move through a culvert even when water is present. Such
modified culverts were successfully tried on US-98 in Texas for bobcats.

e A central “sacrificial” culvert with other culverts placed on both sides but at a
higher elevation for drainage and connectivity can diminish blockage by beavers,
which attempt to block the lower culvert, and the adjacent culverts at higher elevation
remain open. Beaver-exclusion devices, including fencing, perforated pipe, or a
combination of the two have been successfully used throughout the United States to
reduce impounding of water behind road fills and for wetland mitigation and habitat
preservation.

Drainage Culverts

NCHRP Synthesis Report 305 reports a number of states are using culverts in different
applications for a variety of species. Florida, Montana, New Hampshire, Texas, and Wisconsin
are using culverts for reptiles and amphibians. Nebraska and South Dakota are using them for
turtles. (/90)

Culverts with dual drainage and wildlife crossing purposes have proven successful in
accommodating both terrestrial and aquatic organisms depending on water levels in the area of
the culverts. When placed at the proper elevation, they can serve both types of organisms.
Drainage culverts are typically used where highway causeways or fill sections transverse
wetlands with fluctuating water levels such as wet prairies and marsh. They are also used on
intermittent streams and floodplain areas that may inundate during wet periods. Aquatic species
such amphibians and fish use them when they are wet and terrestrial species including reptiles
and small mammals use them when they are dry. Thus,

Pictures of Florida DOT drainage/wildlife culverts, Massachusetts amphibian tunnels, Dutch
structures, and wildlife using the culverts mentioned above, as well as other projects around the
world can be seen at FHWA'’s wildlife crossings website; however, Evink notes that few states
have researched the effectiveness of these structures.(/9/) Nevertheless, it is known that

e Culverts should be sized for use by multiple species, wherever possible.
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Stream Culverts and Bridges

Like drainage culverts in upland areas, oversized culverts can be designed and placed at the
proper elevation over waterways to provide passage for a large number of aquatic and terrestrial
species. (192)

e Use the natural stream bottom rather than a concrete or metal bottom.

e Provide shallow water or even dry edges along the stream edge in the culvert or
bridge to allow the greatest number of species to move through.

e Allow extra height for larger mammals, such as deer, bear, and other species that
ordinarily follow riparian corridors for movement and pass safely under roads. A wide
variety of designs are possible depending on the site-specific construction environment —
concrete box culverts, and round, oval, and elliptical pipe culverts.

e Provide cover as well as substrate on the inside of the culvert, similar to that of the
exposed stream, to expand utility of the culvert. Proper sizing of the culvert depends
on site-specific considerations and hydraulics, but including the natural streambed and as
much adjacent upland as possible proves most successful.

Wildlife Underpass Bridges and Dry Culverts

Upland culverts are one of the most frequently used structures for wildlife crossings and have
proven successful for accommodating a wide variety of species. Pipe culverts and box culverts
have proven effective for small animals. California is using culverts for San Joaquin kit fox.
[llinois, Kansas, Montana, New Hampshire, New Jersey, Oregon, Texas, Utah, and Virginia are
using culverts for other small mammals. Arkansas, Colorado, Wyoming, Utah, Michigan,
Maine, Washington, and Kansas report using larger culverts for deer and other wildlife.(/93)

e A range of culvert sizes, from 1.22 m x 1.22 m (4 ft X 4 ft) in Arkansas up to 2.44 m
x 7.32 m (8 ft x 24 ft) in Florida and from 1.5 to 10 m (4.92-32.81 ft) in New South
Wales, Australia, have been successfully used for various species of terrestrial mammals
and reptiles.

e Use frequently placed culverts [150-300 m (492.13-984.25 ft)] of varying size in
close proximity to shrub or tree cover. Clevenger and Waltho found that for a variety
of culvert sizes for small and medium-sized mammals, passage was positively correlated
with traffic density, road width, road clearance, and culvert length. They also found that
all species with the exception of coyotes and shrews preferred small culverts with low
openness ratios. There appeared to be some evidence of predation at crossings so the
thought was that the smaller culverts provided comfort to the prey species. Weasels and
shrews preferred culverts with nearby cover. The researchers felt that drainage culverts
could be used to mitigate the harmful effects of high-speed roads.(7/94)

Wildlife underpasses are bridges and/or large culverts over dry land and sometimes land and
water, constructed expressly to facilitate wildlife movement in important corridor areas. The
length and height of these large culverts or bridges varies with the wildlife expected to use them.
Twenty-three states report using underpasses for wildlife. The Western Transportation Institute
is cataloging existing uses of and research on underpasses and culverts to provide further
guidance to DOTs on stewardship practice in this area.(/95)
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Extended Bridges and Existing Structures

One of the most successful and cost-effective means of providing for wildlife movement down
riparian corridors is the extended bridge. Twenty-four states report using extended bridges for
wildlife movement and wetland protection.(/96)

e Provide adequate area for both water movement with associated organisms and dry
habitat for terrestrial species movement.

e Consider the characteristics of the area when trying to determine the appropriate
length of the bridge. In cases where there is an important corridor for movement of rare
or protected wildlife species, bridging the entire floodplain may be necessary. At the
other end of the spectrum, where the floodplain is being used by habitat-limited species, a
combination of smaller structures and fences may be possible.

e  When choosing a combination of bridge and fill, consider what reptile and
amphibian species will likely move up the fill slope onto the road. Standard fencing
will not stop this movement so that very expensive barrier walls and associated guard
rails may be necessary to prevent significant kills of these species during periods of the
year when they are moving around in large groups.

e Consider the cost of mitigation for wetland takings by opting for a fill section. By
the time the costs of shorter bridges or culverts, fill acquisition, barrier walls for reptiles
and amphibians, guardrails, and fencing are factored in, along with the cost of wetland
mitigation, the cost of a more substantial bridge, preferred for habitat connectivity, may
already have been approached.

Viaducts

Viaducts are a potential solution for the entire spectrum of species moving through an area, as
these long bridges can leave wetlands, rivers, and variable topography and geology below largely
intact. Typically, this approach is most cost-effective where there is topographic relief, such as
in mountainous areas, is sufficient to make bridging necessary for a significant span of a
waterway, canyon, or valley; use of spanned lands by wildlife is typically a secondary benefit.
(197) Design of viaducts for wildlife connectivity and habitat enhancement is increasing,
especially in Europe.

Wildlife Overpasses

Although wildlife overpasses are largely a European phenomenon, Florida, Hawaii, New Jersey,
and Utah reported overpasses being used by wildlife and the Montana Department of
Transportation and the Connecticut DOT are installing wildlife overpasses on Highway 93 and
Route 6, respectively. The New Jersey overpasses, among the first in the United States, were
completed in 1985 at a cost of $12 million. The two overpasses were designed to provide
connectivity across I-78 (a six-lane highway) at an approximately 2-mile stretch that crossed the
Watchung Reservation in Union County. The Utah overpass was constructed principally for
deer. The Florida overpass on I-75 in Marion County just north of County Road 484 is a multi-
use overpass designed to accommodate a recreational and equestrian trail, as well as for wildlife
use. Two overpasses were built over the Trans-Canada Highway in Banff National Park and are
being used by a variety of wildlife.(/98)
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e Allow the widest width possible. Wildlife overpasses can vary in width from 3.4 m
(11.15 ft) to 870 m (2,853.6 ft). Wider passages are more effective at allowing animals to
cross and animal behavior on wider structures is more normal than on narrower ones.

e Establish or preserve suitable habitat at and leading to the overpasses. Where this
has been accomplished, it has been found that the overpasses were effective for a wide
variety of animals including invertebrates.

Other Structural and Non-Structural Measures for Wildlife

Signage and deer reflectors are common approaches to informing motorists when they are
entering an area where the danger of wildlife collision is high, though the effectiveness of these

methods has not been demonstrated. However, a few methods have been documented to work:
(199)

e Use a series of solar-powered, battery-operated, motion sensors to determine animal
presence and trigger low-voltage, LED-illuminated warning signs that reduce the
posted speed limit to 40 km/h and alert motorists to the presence of approaching
wildlife. This method has been successfully used in Switzerland, though the location on
the road was also adjacent to a large wildlife overpass over a major nearby freeway.

e Install vertical pipes perpendicular to bridge railings to keep bird flight patterns
above the elevation of traffic. Florida reported installing PVC pipe approximately 3 m
(9.84 ft) in height perpendicular to the railing on the San Sebastian Bridge. The poles
were spaced approximately 3.7 m (12 ft) and kept birds hovering over the bridge from
dropping down into traffic crossing the bridge, reducing bird kills.

State DOT Initiatives to Address Wildlife Habitat Connectivity Needs in Planning and
Design

Caltrans Interchange Removal and Partnership to Identify and Address Habitat
Connectivity Needs

Due to the rising importance of the wildlife connectivity issue and implications for future
construction, Caltrans participated in a statewide symposium/workshop with scientists, activists,
and planners from resource agencies and conservation organizations to identify “Missing
Linkages” in fall 2000. The meeting report identifies 232 critical habitat linkages in the state, 59
percent of which are threatened. Connectivity areas identified in the report ranged from narrow
choke points, like the Coal Canyon underpass, later removed by Caltrans, to long stretches of
rivers and broad swaths of redwood forest. More than half of the linkages were deemed to be
high priorities because of development threats and good opportunities for conservation.

The interchange Caltrans decided to remove was located where two intersecting state highways
divided several protected natural areas, including greater diversity of vegetation types than any
other area of comparable size in the United States. By closing the ramps, removing the
pavement and lighting, rearranging fencing, and restricting access, Caltrans created a wildlife
crossing with substantial height, width, ample natural lighting, and openness. In addition,
Caltrans worked with State Parks to find funding to purchase approximately 685 additional acres
of conservation lands adjacent to the freeway and interchange, ultimately linking the Tecate
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Cypress Reserve, the Cleveland National Forest and the Irvine Company’s Gypsum Canyon
Preserve and lowering development pressure in the area.

Caltrans determined that the site has great mitigation value for transportation impacts, but no
agreements exist with other resource agencies to obtain credits at this point. Instead, Caltrans
still considers the site an excellent example of leadership and interagency cooperation, which
“indirectly facilitates other transportation efforts.” Wildlife passage features were incorporated
into current and future state highway improvements nearby, benefiting both federally listed
species and non-federally listed species with large habitat ranges.

Caltrans plans to utilize the products of the state’s collaborative “Missing Linkages” project to
assess viable communities, habitats, and wildlife movement corridors throughout the state. This
resource will be used to help environmental impacts wherever possible, and as a guide for
addressing habitat and wildlife connectivity needs when the state implements conservation
measures. Generation of the statewide conservation and connectivity maps is providing the
foundation for interagency buy-in, acknowledgement, and utilization of a common set of
environmental priorities. The mapped priorities are expected to streamline interagency
coordination and negotiation on a project-by-project basis, reduce conflict, and facilitate
achievement of mutual stewardship objectives among Caltrans, FHWA, federal and state
resource and regulatory agencies, non-profit conservation organizations, and environmental
advocates. The Nature Conservancy (TNC) is now assisting Caltrans in comparing the 20-year
transportation plan to priority conservation areas, to minimize potential impacts and to identify
opportunities where Caltrans mitigation projects could achieve the greatest environmental benefit
and make a tangible contribution to achievement of interagency, public and private conservation
objectives.

Florida DOT Partnership to Determine and Prioritize Connectivity Needs and Contribute
to “Green Infrastructure”

The State of Florida issued a report in 1994 that identified the state’s highest priority wildlife
habitat, which is the basis for a successful current state-funded effort to protect priority habitat
conservation areas. The Florida Game and Fresh Water Fish Commission completed a land
cover map of Florida’s 34 million acres and performed modeling to identify the long-term habitat
needs of many focal species on public and private lands. Florida DOT helped support the
development of the extensive wildlife occurrence and habitat geographic information system
database, which is used in roadway alignment analysis and impact assessment. The database
includes: 1) a statewide vegetation map with 22 land cover classes; 2) habitat maps for over 150
individual wildlife species, constructed by modeling habitat requirements, radio-telemetry range
data, museum records, and other surveys, and 3) statewide maps of strategic habitat conservation
areas, defined as lands which have a high priority for protection and acquisition, but are not in
public ownership.

Because significant efficiencies and ecological gains can be made by coordinating wildlife
crossing installation with statewide efforts to map conservation areas and large scale linkage
needs, FDOT and the Florida Game and Fresh Water Fish Department developed a decision-
based geographic information system (GIS) computer model for FDOT road improvement
projects associated with road mortality of wildlife and other environmental impacts. This system
is integrated with other state environmental initiatives such as the greenways and CARL
(Conservation and Recreation Lands) programs. An interactive CD-ROM allows the user to

166



perform multiple scenarios and develop their own priorities, and contains all necessary data and
information to perform analyses. The computer model program enables FDOT to appropriately
schedule future projects according to critical environmental and transportation improvement
needs.

In 2000, the Florida Department of Transportation DOT initiated a cooperative effort with the
Florida Fish & Game Commission to prioritize and begin to address black bear roadkill problem
areas on a statewide basis, to focus and direct investments in habitat conservation and
connectivity improvements, and to streamline project approvals. Bear roadkill data were re-
analyzed to rank road segments by the percent of total statewide roadkills and percentage of kills
in the past ten years. This ranking was then combined with habitat information, including
percent of road buffer encompassed by conservation lands and strategic habitat conservation
areas. The ranking is providing guidance in siting wildlife underpasses on a statewide basis.
Fifteen black bear roadkill problem areas were identified, comprising 40 percent of the total
transportation-related bear mortality in the state. The core habitat systems surrounding these
problem areas also provide important habitat for many species of mammals, amphibians and
reptiles. At least as important as the priority crossing and connectivity needs, the analysis
revealed that land management and conservation are critical in enhancing the black bear’s
potential for long-term survival in Florida. The results were shared with the state’s Conservation
and Recreational Lands program to help justify the purchase of a 22,260-acre tract associated
with the Aucilla River Project in the Big Bend area of north Florida, a top three conservation
priority as a result of the study.

As part of Florida’s DOT’s updated environmental policy, approved in February 2002, FDOT
committed to cooperate in the state’s Greenways Program of land acquisition and management
through identification and prioritization of important habitat connections. The objective of the
statewide greenways program is to establish an ecological network of green infrastructure to
reduce wildlife mortality and restore connectivity to the landscape by restoring natural processes
as they originally occurred across the landscape (e.g., wildlife movement and migration, flood,
and fire). Where alternative mitigation strategies permit, FDOT will support land acquisition
activities to help achieve this ecological infrastructure, and will utilize methods to preserve,
enhance, and protect trees and other vegetation as valuable natural resources consistent with
ecosystem management principles. So far, over one million acres have been preserved through
this program, which has garnered the support of a diverse array of citizens, land managers, and
state policy-makers.

New Hampshire DOT’s Pilot Project for Identifying Habitat Connectivity and Wildlife
Crossing Needs

The New Hampshire Department of Transportation (NHDOT) is engaged in a pilot project effort
with the New Hampshire Audubon Society, the New Hampshire Fish & Game Department, and
others to develop a methodology for predicting wildlife movement in the state. The effort is an
outcome of a discussion on how NHDOT and these partners could cooperatively address wildlife
and transportation issues. The partners hope to develop a geographic information system (GIS)
layer of important wildlife habitat areas and locations of frequent wildlife crossings to be used as
a planning and design tool for future projects.

The pilot effort focuses on Route 4, one of the state’s major east-west routes. When sections of
Route 101 were widened to four lanes, NHDOT extended bridges to improve habitat linkages.
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NHDOT is now interested in further increasing the level of connectivity. To this end, NHDOT
has contacted Fish & Game Conservation Officers, local road agents, conservation commission
members, and NHDOT maintenance patrol foremen to collect anecdotal evidence of crossings
and road kills and record that information in a database. In the future, roadkill data will be
collected by maintenance staff. Concurrently, the New Hampshire Audubon Society is
reviewing mapping of the corridor to identify prospective habitat units, for purposes of
predicting where wildlife crossings are likely to occur. The partners will pool efforts to see how
well the field data correlates with the mapping predictions. The goal is to develop a predictive
model that can be used elsewhere in the State.

To further improve habitat linkages, NHDOT is also supporting efforts to develop an inventory
of contiguous habitat areas, to be taken into consideration when siting new alignments, bridge
extensions, and crossing locations. The New Hampshire Fish & Game Department has decided
that investing in habitat preservation in key areas can be a higher priority than adding or
enhancing crossing structures. The New Hampshire Ecological Reserve Project, a partnership
between The Nature Conservancy and the University of New Hampshire, is working with the
New Hampshire Department of Environmental Services and the Fish & Game Department to
develop criteria for the identification of priority conservation parcels. This will generate
information that NHDOT can use in planning and project development, and will also guide state
investment through the New Hampshire Land and Community Heritage Investment Program.

Maryland SHA’s Net Gain Wetland Mitigation Policy & Contribution to Regional
Restoration/Connectivity Goals

The Maryland State Highway Administration (SHA) has made a commitment to mitigate for
historical impacts to wetlands from transportation projects, with an overall “net gain” wetland
mitigation policy. The SHA is working with local jurisdictions and watershed groups around the
state to realize watershed goals and restore stream segments, and contribute to the state’s green
infrastructure at the same time.

Maryland has two million acres of ecologically significant land that has not been developed, of
which almost three-quarters are unprotected. The state designated the GreenPrint program to
preserve the state’s remaining natural resources and to create an extensive, intertwined network
of conservation lands. The purpose of the program is threefold:

o Identify, using the most up-to-date computer mapping techniques, the most important
unprotected natural lands in the state;

e Link, or connect, these lands through a system of corridors or connectors; and
e Save those lands through targeted acquisitions and easements.

GreenPrint databases and watershed plans are available to Maryland State Highways’ planning,
environmental, and design staff to reference in avoiding, minimizing, and mitigating for
unavoidable impacts from transportation. The State Highway Administration is currently
undertaking internal discussions to maximize use of this resource.

MDSHA is contributing to watershed restoration and regional habitat connectivity through 23
separate stream restoration projects across the state, with funding matched by local project
sponsors. MDSHA has plans to restore approximately nine miles of streams and install a number
of stormwater retrofits to improve water quality and stream habitat over the next three years.
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Maintenance and Management of Created, Modified, or Restored Habitat

Most state DOTs try to find a land management agency to provide maintenance for
mitigation/conservation habitats. A few have sought to perform mitigation (modification or
restoration) on public lands that are already being managed by a resource agency. While some
federal resource agencies encourage this approach, others disallow it. Universities, conservation
groups, resource agencies, and even private groups where consistent with the objectives of the
mitigation have become involved in maintenance of habitat by taking possession or easement of
land from the state DOTs. Few transportation departments are maintaining habitat except for
wetland mitigation sites, though creative conservation partnerships have been developed in a
number of states through in lieu fee arrangements. Texas, Tennessee, Kentucky, North Carolina,
and Florida are among the DOTs allowed to provide funding instead of mitigation. Habitat
management is frequently the responsibility of the agency or partnering organization holding title
to the land or conservation easement.

In most cases, when a state uses a habitat strategy as a conservation or mitigation measure, the
maintenance plans for these habitats contain a monitoring requirement. These requirements vary
in length and design, but states are often required to maintain sites to varying performance levels
(such as a percent survival of desired species and exotic/invasives free) for some period of time
(commonly 3 to 5 years). Specific management plans including funding can also be a
requirement. Such a monitoring program is designed to:

e Specify recommended mitigation and ensure that it is included in the final design process.

e Monitor the implementation of the mitigation through design, construction, and
operation.

e Resolve issues that are contingent on the outcome of design as it progresses to more
detailed stages.

e Report on progress toward implementation of mitigation measures to responsible parties.

Biologists from resource and conservation agencies associated with CDOT’s Shortgrass Prairie
Initiative crafted recommended Baseline/Annual Reporting Requirements that would provide an
effective yet practicable framework for adaptive management and annual reporting: (200)

e Type of plant communities/habitats present:
e Size/extent of each present plant community or habitat group.
e Description of plant communities present and estimated percent cover.

e General condition of each plant community/habitat type (estimated percent weed cover,
estimated weed sp. relative abundance, estimated percent bare ground, etc.).

e Juxtaposition of communities/habitats.

e Brief description of land use on-site and in surrounding areas documented in initial
baseline. Report changes over the past year.

e Recommendations for management of parcel (i.e., grazing, controlled burns, plantings,
etc.) to achieve conservation goals.

e Success of recommendations from previous year and suggested modifications.

e Observations on wildlife diversity, activity, and general trends. i.e. field notes. Surveys
and quantitative data are not required.
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e Photo points at established permanent locations according to protocols to be developed in
the management plan. The on-site managers and regulatory oversight agreed that new
aerial photos would be acquired as they become available.

3.5. CULVERTS AND FISH PASSAGE

As long linear ecosystems, rivers and streams are particularly vulnerable to fragmentation. A
number of human activities can disrupt the continuity of river and stream ecosystems, the most
familiar of which are dams. There is growing concern about the role of road crossings — and
especially culverts — in altering habitats and disrupting river and stream continuity.(20/) On
U.S. Forest Service and Bureau of Land Management land in Washington and Oregon alone,
there are over 10,000 culverts on fish-bearing streams.(202) Based on an estimate from GIS
analysis over 28,500 road and railroad crossings affect Massachusetts streams.(203)(204) Over
half of the culverts assessed on U.S. Forest Service and Bureau of Land Management (BLM)
lands in Oregon and Washington are considered barriers to juvenile salmonid fish passage.(205)
Fish habitat and fish passage improvement projects undertaken by DOTs include installation of
baffles or weirs in culverts, construction of berms or detention facilities, and installation of deck
curbs, new culverts or jump pools for fish passage.

Forms of Stream Crossings

Stream crossing methods include bridges, fords, open-bottom or arch culverts, box culverts, and
pipe culverts. Depending on the type of crossing, its size, method of installation, and
maintenance, a road crossing may have many or relatively few adverse impacts on a river or
stream ecosystem. It is generally believed that culverts are more detrimental to streams than are
bridges; consequently, wildlife regulatory agency biologists routinely recommend installation of
a bridge instead of a culvert. Culverts, however, are more economical than bridges; they often
cost less to install, require less maintenance, and have a longer effective life. Culvert crossings
tend to provide very little or no habitat within the culvert. Some habitat can be provided if the
culvert is sufficiently embedded such that the substrate in the culvert resembles the natural
streambed. Open-bottom or arch culverts and bridge crossings often maintain natural streambeds,
although some habitat may be lost to footings, piers, and abutments.(206)

Resource agencies often prefer that structure types should be considered for use in the following
order of preference: (207)

e Bridge (with no approach embankment into the main channel).
e Streambed simulation strategies using a Bottomless Arch or embedded culvert designs.

e Streambed simulation strategies using embedded round metal or concrete box culvert
designs.

e Non-embedded culvert; placed at less than 0.5 percent slope.

e Baffled culvert (various designs); placed at 0.5 percent to 12 percent slope or a structure
with a fishway.

NCDOT hypothesized that the impact of culverts on the stream bed is not uniform, but varies
due to its design, and size and site specific factors and that construction and renovation practices
may be refined to minimize the impact of crossing structures on surface waters and achieve a
delicate balance between construction and maintenance costs and ecosystem integrity.
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Consequently, NCDOT is undertaking research, due in late 2005, that will compare the relative
impact of culverts and bridges, and specific design attributes on freshwater mussel populations,
in the interests of refining standard culvert designs to be more environmentally beneficial and
acceptable to wildlife agency biologists.(208)

Providing for larger structures that mimic natural streambeds requires a greater capital
investment, but the return on such an investment can be accrued over the long term with reduced
maintenance and/or replacement costs.(209)

Potential Adverse Impacts of River and Stream Crossings

If not properly designed, crossing structures can block animal movements, delay migration (a
process made worse where there are many crossings), and cause physiological stress as animals
expend energy passing both natural and artificial obstacles. If crossing structures are not large
enough, or lack banks or other dry passage, riparian wildlife may choose to cross over the road
surface rather than pass through the structure. As barriers to animal movement, stream crossings
for roads can reduce access to vital habitats. To the extent that road crossings act as barriers to
animal passage, they can fragment and isolate populations, increasing vulnerability to genetic
change and extinction due to chance events. Local extinctions can result from demographic
chance events (e.g., change in sex ratio), natural disturbances, or human impacts. Barriers to
movement can block the exchange of individuals among populations, eliminating gene flow and
disrupting the ability of “source” populations to support declining populations nearby. Barriers to
dispersing individuals also eliminate opportunities to re-colonize vacant habitat after local
extinction events.

Culvert and embankment fill can cover up fish habitat on channel beds and banks. Flow
concentration can raise velocities and increase erosion and sediment production and downstream
deposition in the stream, increased slopes and flow velocities can block fish passage, and long
culverts can discourage fish from entering if no light can be seen at the opposite end. Improper
design or scour can result in a perched culvert which blocks fish passage.

Potential adverse effects of river and stream crossings that should be considered ineffective
design for fish and wildlife include: (210)

e Habitat Loss and Degradation
e Alteration of Ecological Processes, including passage of large woody debris

e Inlet or outlet drop. Elevation drops at either the inlet or outlet of a crossing structure can
represent physical barriers to many animal species. Piping (water flowing through the fill
material rather than the culvert) and scouring can result in culverts that are perched above
the stream channel making passage impossible for most aquatic species.

e Physical barriers. Animal movement can be blocked by clogged or collapsed culverts.
Also, weirs or baffles associated with crossing structures can create barriers for some
species.

e [Excessive water velocities. Water velocities can be too high to pass fish or other
organisms during some or all of the year.

e Absence of bank-edge areas. Passage by weak-swimming organisms can be inhibited or
prevented by the absence of bank-edge areas within crossing structures.
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Excessive turbulence. Flow contraction at the inlet can create turbulence that inhibits or
prevents animal passage.

Insufficient water depth. Absence of a low-flow channel can result in water depths too
shallow to allow passage for fish or other organisms.

Discontinuity of channel substrate. Crossing structures that lack any natural substrate or
contain substrates (including riprap or other armoring) that contrast with the natural
stream channel create discontinuities in streambed habitats. Many benthic (streambed-
dwelling) organisms are confined to the streambed and can only move through
appropriate substrates. Streambed discontinuities caused by crossing structures disrupt
and fragment populations of these benthic organisms.

Stream Crossing Design Considerations

Collecting Adequate Survey Information

Adequate survey information should be collected, to help ensure proper design and avoid costly
mistakes:(271)

The original site survey should have at least three durable reference points for location of
all other site features and establishing additional references. Remote projects that are
surveyed, then delayed for years, may lose reference points to vandalism, storm events or
road maintenance activity. Site topography may also change, especially in stream
channels due to flood events. Lost references have to be replaced. Existing culvert inverts
and drill holes can be useful project references.

Preconstruction Survey. An early review of project plans in the field with the contract
administrators and designers can help prevent surprises later on by answering specific
questions and verifying that the design still fits if some site changes have occurred.

o Enough references and data points should be surveyed to be able to locate the
structure and reestablish the road surface and embankment geometry.

o Assure the road surface is adequately described by existing survey information;
otherwise, survey additional points to assure that super elevation, vertical curves,
curve widening, or any other critical geometric elements can be reestablished. A
straight road segment is easy to recreate with a minimum of survey data, but
others such as a super-elevated “S” curve are not.

o Examine site plans and design elevations carefully. The project site may not seem
to match the site plan or stream profile. If survey points near the existing or new
structure are not marked and the channel is very rough, this may lead to confusion
and uncertainty as to design elevations and assumptions. A stream classification
system may be helpful in describing channel conditions. This could be due to the
software used to generate the contour map. Rough channels can be confusing
unless it is known exactly what points were surveyed in the channel. The “stream
channel elevation” used to design the new structure invert can vary a foot or even
more depending on where the survey rod was placed originally. Was it held on
top of a boulder or between boulders? Are boulders dominant? Do they seem to
define elevation more than the spaces between boulders? Some additional
surveying may be needed. The designer and administrator should communicate
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and verify design assumptions on the ground and during the contract as necessary
to reduce potential questions such as these, and to prevent inappropriate “last
minute” changes during construction. This is especially important when the
decision affects the new structure elevation, orientation or gradient. Confusion
may arise during construction surveys over contract drawings, survey points,
elevations and design assumptions.

Designing for Target Species

When designing fish passage facilities, species of fish present, life stages to be impacted, and the
migration timing of affected species/life stages should be considered. For example, in looking at
non-anadromous trout in Virginia, researchers determined that culverts can be the best way to
cross trout streams in Virginia, provided certain actions are taken. (272)

e The culvert should be on the same slope as the streambed.
e The slope of the stream should be less than 3 percent.

e The flow velocity should not exceed 1.2 meters (4 feet) per second under normal flow
conditions.

e The culvert barrel should be properly countersunk at the outlet.

e In addition, newly installed culverts should not use baffles to control stream flow, and
concrete aprons should not be used at culvert outlets.

e Ifthese actions are not possible or feasible, then bridges should be constructed.

While in this case design is simplified by focus on one species, passage design for multiple
species is normally based on the weakest species or life stage present that requires upstream
access and should accommodate the weakest individual within that group. For fish, swimming
ability is highly variable among species. While information exists on the swimming ability of
stronger, migratory fish species, very little is known about the remaining. Even less is known
about the swimming abilities of non-fish species that inhabit rivers and streams,(2/3) including
aquatic salamanders, softshell and musk turtles, aquatic reptiles that rarely travel over land and
are not strong swimmers (relative to migratory fish), though movement and population
continuity is essential to the survival of their populations.(2/4) As a group the most vulnerable
animal species in the U.S. are freshwater mussels. Over 70 percent of the 297 species native to
the U.S. and Canada are endangered, threatened or of special concern.(275) Although adult
mussels have a very limited capacity for movement, dispersal typically occurs when larvae
(glochidia) attached themselves to host fish or salamanders. Therefore, survival and persistence
of freshwater mussel populations is dependent on the capacity of host fish usually small,
sedentary, and weak swimming, and therefore, highly vulnerable to movement barriers.(216)
Many weak swimmers and crawling species take advantage of boundary zones along bank edges
and the stream bottom where water velocities are much lower than in the water column. In
addition to aquatic organisms, rivers and streams are used as travel corridors by riparian wildlife.
To address these issues,

e Maintenance of unfragmented stream bottom and bank edge habitats is the best strategy
for maintaining continuous and interconnected populations for these species. (217)
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Avoiding Channel Constriction

Channel constriction is often evident from undersized culverts. Channel constriction results in
increased water velocity within and exiting the structure, creating a barrier to upstream fish
passage. Where the streambed is not composed of bedrock or properly aproned with riprap,
streambed elevation can be reduced. Sometimes this reduction is in the form of a pool and does
not alter the ability of fish to enter the culvert. More commonly the culvert outlet becomes
“perched” above the lowered streambed, creating a barrier to the upstream migration of smaller,
less aggressive swimming fish. The effects of increased water velocity due to channel
constriction can also be compounded as a result of excessively high culvert gradient and/or flow
augmentation via ditch lines with improper road drainage. To avoid channel constriction, the
following stewardship practices are recommended: (218)

e Design and install road crossing structures that allow bankfull events to flow unimpeded.
This requires larger culverts or alternative structures.

e Where channel gradients exceed 2 percent, design structures for the upstream passage of
fish, imitating natural roughness inside culverts.

Energy Dissipation at Culvert Exits

Energy dissipation at box culvert outlets is important for reducing harmful impacts to the
receiving channel and for minimizing soil loss through scour and erosion. Dissipaters include
riprap, vegetated ditches, concrete or steel baffles, and tiger teeth. Debris racks should be
installed only when regular maintenance is possible. Raised culvert inlets are raised by
constructing a dike around the culvert, or by installing a culvert elbow. They keep water on the
land longer and promote infiltration. These inlets increase vegetation vigor and diversity, reduce
flash flooding, create sediment barriers, and raise water tables.

Currently the only options available to roadway designers are riprap basins or rigid concrete
structures requiring significant additional costs for concrete and steel and right-of-way. The
Nebraska Department of Roads is evaluating three different low-cost energy dissipating methods
for concrete box culverts: a sill wall placed in the downstream apron of the box culvert, a vertical
drop structure with stilling pool or sill, and the feasibility of using concrete forms to increase the
hydraulic roughness of the interior walls and floor of a concrete box. Research results will be
due in early 2005.(219)

Other Hydraulic Considerations
Primary hydraulic considerations include the upper and lower flow limit. In general:

e Acceptable hydraulic design of culverts includes selection of appropriate design flow
from which the flow characteristics can be derived by hydraulic analysis. The low flow
depth design should be based on the 2-year, 7-consecutive-day low flow discharge or the
95 percent exceedence flow for the migration period of the fish species of concern.

e The high flow design discharge should be the flow that is not exceeded more than 10
percent (Q1o percent) Of the time during the months of adult migration.

Besides the upper and lower flow limit, other hydraulic effects need to be considered,
particularly when installing a culvert:

e Water surface elevations in the stream reach must exhibit gradual flow transitions, both
upstream and downstream. Abrupt changes in water surface and velocities must be
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avoided, with no hydraulic jumps, turbulence, or drawdown at the entrance. A continuous
low flow channel must be maintained throughout the entire stream reach.

In addition, especially in retrofits, hydraulic controls may be necessary to provide resting
pools, concentrate low flows, prevent erosion of stream bed or banks, and allow passage
of bedload material.

Culverts and other structures should be aligned with the stream, with no abrupt changes
in flow direction upstream or downstream of the crossing. This can often be
accommodated by changes in road alignment or slight elongation of the culvert. Where
elongation would be excessive, this must be weighed against better crossing alignment
and/or modified transition sections upstream and downstream of the crossing. In
crossings that are unusually long compared to streambed width, natural sinuosity of the
stream will be lost and sediment transport problems may occur even if the slopes remain
constant. Such problems should be anticipated and mitigated in the project design.

Fish passage should be designed to be adequate for high and low discharge. When that cannot be
accommodated, mitigation may be required.

Mitigating Fish Passage Effects through Culvert Design Modifications

To mitigate the effects of culverts on fish passage, methods in order of preference, are: (220)

Modify culvert design
Depress invert culverts
Replicate natural streams
Use baffled culverts

There are several alternatives for modifying a standard culvert design to satisfy fish passage
requirements. Design options may vary as long as fish passage criteria can be met. Any culvert
design should be thoroughly reviewed by a professional engineer to ensure that both fish passage
and flood conveyance criteria are satisfied.

The following is a representative list of possible modification options. (227)

Culvert size. Culvert size may be increased to decrease water velocity.

Culvert shape. A different culvert shape (e.g., ellipse, culvert arch, or box culvert) may
be chosen to achieve fish passage requirements.

Invert level. The invert level at an inlet or outlet is very important for managing flow
effects at contractions (inlets), expansions (outlets), and flow regime in a culvert barrel.
Invert levels affect habitat upstream and downstream of culverts. Lowering the invert
may be necessary to allow the placement of natural substrate on the culvert bottom. Care
should be taken to ensure a stable channel upstream and downstream of the culvert
because erosion due to increased flow velocities can progress in both directions and
create barriers to fish passage.

Roughness. Changes in culvert roughness may effectively decrease water velocities to
acceptable levels. For example, corrugated circular culverts can be chosen with large,
helical corrugations to provide greater overall roughness and provide for a larger low
flow water depth suitable for fish. Concrete box culverts can be modified by using
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oversized aggregate or grouted riprap. The addition of energy dissipaters can control the
hydraulic regime and thereby reduce velocities.

Grade Control. Artificial resting areas upstream or downstream of a culvert can mitigate
many adverse conditions in the culvert barrel and at the inlet or outlet. Weirs or sills
downstream of a culvert can be used to maintain adequate water depth and prevent
scouring of a plunge pool. An upstream resting pool can trap sediment while allowing
recuperation time for 7-10 migrants. Combined with proper instream cover, culverts may
provide migrants some protection against predators.

Measures for Non-Embedded Culverts

Fish passage through existing non-embedded culverts may be improved through the use of
gradient control weirs upstream or downstream of the culvert, interior baffles or weirs, or in
some cases, fish ladders. While these measures are not a substituted for good fish passage design
for new or replacement culverts, the following guidelines can be adapted for target species and
local conditions: (222)

Hydraulic Controls - Hydraulic controls in the channel upstream and/or downstream of
a culvert can be used to provide a continuous low flow path through culvert and stream
reach. They can be used to facilitate fish passage by establishing the following desirable
conditions: Control depth and water velocity within culvert, concentrate low flows,

provide resting pools upstream and downstream of culvert and prevent erosion of bed and
banks.

Baffles - Baffles may provide incremental fish passage improvement in culverts with
excess hydraulic capacity that can not be made passable by other means. Baffles may
increase clogging and debris accumulation within the culvert and require special design
considerations specific to the baffle type. Culverts that are too long or too high in
gradient require resting pools, or other forms of velocity refuge spaced at increments
along the culvert length.

Fishways - Fishways are generally not recommended, but may be useful for some
situations where excessive drops occur at the culvert outlet. Fishways require specialized
site-specific design for each installation and resource agency specialists should be
consulted.

Multiple Culverts - Retrofitting multiple barrel culverts with baffles in one of the barrels
may be sufficient as long as low flow channel continuity is maintained and the culvert is
reachable by fish at low stream flow. Additional culverts may be used to improve
conveyance conditions for fish passage. For example, box culverts can be separated

into multiple sections where part of the flow enters a plain section, and part of the flow is
carried through a baffled section. Multiple culverts can also be “stacked” by placing the
inverts at different elevations to provide sufficient fish passage conditions at different
stream stages. However, the effectiveness of these types of solutions is questionable,
because fish need to choose which section or culvert to enter. Fish have been observed
choosing the culvert with the most flow and highest velocity; consequently, one large
culvert may be preferable to two or more smaller ones. In general, it is better for fish
passage to use fewer culverts.(223)
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Other General Recommendations

e Trash racks and livestock fences should not be used near the culvert inlet. Accumulated
debris may lead to severely restricted fish passage, and potential injuries to fish. Where
fencing cannot be avoided, it should be removed during upstream migration periods.
Otherwise, a minimum of 9 inches clear spacing should be provided between pickets, up
to the high flow water surface. Timely clearing of debris is also important, even if flow is
getting around the fencing.(224)

e (Cattle fences that rise with increasing flow are highly recommended.(225)

e Natural or artificial supplemental lighting should be provided in new and replacement
culverts that are over 150 feet in length. Where supplemental lighting is required the
spacing between light sources shall not exceed 75 feet.(226)

e Comply with in-stream work windows in each watershed. Work in the active stream
channel should be avoided during the times of year target species are present. Temporary
crossings, placed in streams for water diversion during construction activities, should
meet environmental stewardship guidelines or BMPs.

Design Methods for New and Replacement Culverts

High water velocity, shallow water depth within the culvert, excessive vertical drop at the culvert
outlet and debris blockages are the most frequent causes of fish passage problems at culverts.
These design methods can help prevent some of these problems: (227)

Active Channel Design Method

The Active Channel Design method is a simplified design that is intended to size a culvert
sufficiently large and embedded deep enough into the channel to allow the natural movement of
bedload and formation of a stable bed inside the culvert. Determination of the high and low fish
passage design flows, water velocity, and water depth is not required for this method since the
stream hydraulic characteristics within the culvert are intended to mimic the stream conditions
upstream and downstream of the crossing. This design method is usually not suitable for stream
channels that are greater than 3 percent in natural slope or for culvert lengths greater than 100 ft.

Structures for this design method are typical round, oval, or squashed pipes made of metal or
reinforced concrete.

o Culvert Width - The minimum culvert width should be equal to, or greater than, 1.5 times
the active channel width.

e Culvert Slope - The culvert should be placed level (0 percent slope).

e Embedment - The bottom of the culvert should be buried into the streambed not less than
20 percent of the culvert height at the outlet and not more than 40 percent of the culvert
height at the inlet.

Stream Simulation Design Method

The Stream Simulation Design method is a design process that is intended to mimic the natural
stream processes within a culvert. Fish passage, sediment transport, flood and debris conveyance
within the culvert are intended to function as they would in a natural channel. Determination of
the high and low fish passage design flows, water velocity, and water depth is not required for
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this option since the stream hydraulic characteristics within the culvert are designed to mimic the
stream conditions upstream and downstream of the crossing.

This approach to culvert design both avoids flow constriction during normal conditions and
creates a stream channel within culverts that resists scouring during flood events.(228) Since the
streambed longitudinal profile and cross section in the pipe are similar to the natural channel,
water velocities and depths at flows up to bankfull are also similar, and the crossing should be
essentially invisible to migrating aquatic organisms.

Culverts designed for stream simulation are sized wide enough to include either channel margins
or banks. The most basic stream simulation culvert is a bottomless culvert placed over a natural
streambed. Other culverts are filled with a sediment mix that emulates the natural channel and
adjusts similarly during most flows. In steep channels, the bed may be designed to resist erosion
during very large floods.(229)These culverts contain a streambed mixture that is similar to the
adjacent stream channel.

Stream simulation culverts require a greater level of information on hydrology and
geomorphology (topography of the stream channel) and a higher level of engineering expertise
than the Active Channel Design method.

e  Culvert Width - The minimum culvert width should be equal to, or greater than, the
bankfull channel width. The minimum culvert width shall not be less than 6 feet.

o Culvert Slope - The culvert slope shall approximate the slope of the stream through the
reach in which it is being placed. The maximum slope shall not exceed 6 percent.

e Embedment - The bottom of the culvert should be buried into the streambed not less than
30 percent and not more than 50 percent of the culvert height. For bottomless culverts the
footings or foundation should be designed for the largest anticipated scour depth.

Certain channel features cannot be duplicated directly or can be simulated only partially in a
culvert. Examples include channel-spanning wood, embedded wood, bank vegetation, cohesive
bank stability, debris jams and rigid bed forms. Bank vegetation stabilizes most natural
streambanks. Large wood that spans the channel provides roughness and complexity, as do
bedrock exposures and other rigid bedforms. Debris embedded in the natural channel may anchor
bed material and in some cases control all of the elevation change. Bank vegetation cannot grow
inside a pipe; trees will not fall into them; and large, woody debris is difficult and risky to install.
While vegetation and large wood are often critical to channel stability, it is usually possible to
replace these functions with large rock to create a stable streambed inside a pipe. (230)

It is essential to understand what stream functions are critical at a site, as well as the
consequences to the stream of placing a culvert and interrupting them to some degree. Riparian
functions such as overbank flooding, side channel construction, and nutrient and debris exchange
between stream and floodplain are not simulated within the culvert. The impact of floodplain
contraction on up- and downstream floodplains may be reduced with a larger culvert, additional
culverts in the floodplain, and/or overflow dips in the road. At any given flow, slope is an
important factor affecting water velocity in culverts. Culvert size also affects velocities,
especially when a structure is considerably undersized and a head (pooling above culvert) is
developed. (231)

e If any of these functions cannot be adequately simulated by the design, other road
alignments and/or crossing structures should be considered.
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e Gradients (slope) for non-embedded, non-baffled culverts should not exceed 0.5 percent
unless a tailwater situation exists to backwater the culvert to a suitable depth for its
length. Properly baffled or weired culverts are appropriate for steeper gradients
depending on design. Structures with fishways (i.e., fish ladders or culverts with weir-
type baffles) generally will be required where culvert gradients exceed 5 percent and
streambed simulation is not employed.

e Corrugated metal culverts should generally be used over smooth-surfaced culverts. Deep
corrugations are preferred over shallow corrugations.

e Bottomless arches and all styles of embedded culverts should be placed at or near the
same gradient as the natural streambed and should be at least as wide as the active stream
channel (i.e., no lateral encroachment on the active stream channel). All embedded
culverts (round or arch) must be embedded one foot deep or at least 20 percent of its
height, whichever is more.

e When deciding between bottomless arch and embedded culvert designs, the primary
consideration is foundation substrate. If considerable bedrock is present, an open bottom
arch is generally the appropriate choice; embedding a culvert would require extensive
excavation. Where deep unconsolidated gravel and cobble is present, failure
(undermining) of a bottomless arch foundation is a major concern.

e Hydraulic controls may be required to 1) improve culvert entrance and exit conditions
(e.g. using a beveled inlet configuration; providing resting pools at culvert entrance and
exit), 2) concentrate low flows, 3) prevent erosion of stream bed and banks, or 4) allow
passage of bedload material. The need for, and design of, these project features should be
developed in consultation with the resource agency.

e [fwater-crossing structures are placed in spawning areas, they should incorporate
mitigation measures, as necessary, to achieve no-net-loss of spawning area.

e Trash racks are discouraged at culvert inlets, but if necessary, these should be installed
only above the high passage flow water level.

Hydraulic Design Method

The Hydraulic Design method is a design process that matches the hydraulic performance of a
culvert with the swimming abilities of a target species and age class of fish. This method targets
distinct species of fish and therefore does not account for ecosystem requirements of non-target
species. There are significant errors associated with estimation of hydrology and fish swimming
speeds that are resolved by making conservative assumptions in the design process.
Determination of high and low fish passage design flows, water velocity, and water depth are
required for this option.

The Hydraulic Design method requires hydrologic data analysis, open channel flow hydraulic
calculations, and information on the swimming ability and behavior of the target group of fish.
This design method can be applied to the design of new and replacement culverts and can be
used to evaluate the effectiveness of retrofits of existing culverts.

e  Culvert Width - The minimum culvert width should be 3 feet.
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e Culvert Slope - The culvert slope shall not exceed the slope of the stream through the
reach in which it is being placed. If embedment of the culvert is not possible, the
maximum slope shall not exceed 0.5 percent.

o Embedment - Where physically possible, the bottom of the culvert should be buried into
the streambed a minimum of 20 percent of the height of the culvert below the elevation of
the tailwater control point downstream of the culvert. The minimum embedment should
be at least 1 foot. Where physical conditions preclude embedment, the hydraulic drop at
the outlet of a culvert shall not exceed the limits specified above.

e High Fish Passage Design Flow - The high design flow for adult fish passage is used to
determine the maximum water velocity within the culvert.

e Low Fish Passage Design Flow - The low design flow for fish passage is used to
determine the minimum depth of water within a culvert.

e  Maximum Hydraulic Drop - Hydraulic drops between the water surface in the culvert and
the water surface in the adjacent channel should be avoided for all cases. This includes
the culvert inlet and outlet. Where a hydraulic drop is unavoidable, its magnitude should
be evaluated for both high design flow and low design flow and shall not exceed 1 foot
for adults or 6 inches for juveniles. If a hydraulic drop occurs at the culvert outlet, a jump
pool of at least 2 feet in depth should be provided.

Structural Design and Flood Capacity

All culvert stream crossings, regardless of the design option used, should be designed to
withstand the 100-year peak flood flow without structural damage to the crossing. The analysis
of the structural integrity of the crossing should take into consideration the debris loading likely
to be encountered during flooding. Stream crossings or culverts located in areas where there is
significant risk of inlet plugging by flood borne debris should be designed to pass the 100-year
peak flood without exceeding the top of the culvert inlet (Headwater-to-Diameter Ratio less than
one). This is to ensure a low risk of channel degradation, stream diversion, and failure over the
life span of the crossing. Hydraulic capacity must be compensated for expected deposition in the
culvert bottom.

Culvert Evaluation for Fish Passage and Ranking for Remediation Efforts

Various methods for fish habitat and passage evaluation have been developed. The following
sample ranking method assigns scores or values for the following five parameters: (232)

1. Species Diversity - Number of target species currently present (or historically present
which could be restored) within the stream reach at each crossing location. Score - For
each federally or state listed salmonid species; Endangered = 4 points; Threatened or
Candidate = 2 points; not listed = 1 point. Consult state resource agency or NOAA for
historic species distribution and listing status information.

2. Extent of Barrier - Over the range of estimated migration flows, assign one of the
following values from the “percent passable” results generated with FishXing. GREEN
crossings are considered 100 percent passable for all fish, while RED crossings are
considered 0 percent passable for all fish. Do this for adult anadromous, resident, and
target species for each culvert. Score - 0 = 80 percent or greater passable; 1 = 79-60
percent passable; 2 = 59-40 percent passable; 3 = 39-20 percent passable; 4 = 19 percent
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or less passable; 5 = 0 percent passable (RED). For a total score, sum the values for all
three.

3. Habitat Value - Multiply habitat quantity score by habitat quality score. Habitat Quantity
- Above each crossing, length in feet to a sustained 8 percent gradient or field identified
limit of anadromy. Score: 0.5 points for each 500 feet of stream (example: 0.5 points for
<500N; 1 point for 1,000N; 2 points for 2,000N; and 5.5 points for 5,500N). The
maximum possible score for Habitat Quantity is 10.

4. Habitat Quality - For each stream, assign a score of quality after reviewing available
habitat information. Consultation with local state resource agency biologists to assist in
assigning habitat quality score is recommended. Score: 1.0 = Excellent - Relatively
undeveloped, with pristine watershed conditions. Habitat features include dense riparian
zones with mix of mature native species, frequent pools, high-quality spawning areas,
cool summer water temperatures, complex instream habitat, floodplain relatively intact.
0.75 = Good - Habitat is mostly intact but erosional processes or other factors have
altered the watershed with a likelihood of continued occurrence. Habitat includes dense
riparian zones of native species, frequent pools, spawning gravels, cool summer water
temperatures, complex instream habitat, floodplain relatively intact. 0.5 = Fair - Erosional
processes or other factors have altered the watershed with negative affects on watershed
processes and features, with the likelihood of continued occurrence. Indicators include:
a) riparian zone lacking mature conifers, b) infrequent pools, c) sedimentation evident in
spawning areas (embeddedness ratings of 3), d) summer water temperatures periodically
exceed stressful levels for target species, €) sparse instream complex habitat, and
floodplain intact or slightly modified. 0.25 = Poor - Erosional processes or other factors
have significantly altered the watershed. There is a high likelihood of increased erosion
and apparent effects to watershed processes. Habitat impacts include riparian zones
absent or severely degraded, little or no pool habitat, excessive sedimentation evident in
spawning areas (embeddedness ratings of 4), stressful to lethal summer water
temperatures common, lack of instream habitat, floodplain severely modified with levees,
riprap, and/or residential or commercial development.

5. Sizing (risk of failure) - For each crossing, assign one of the following values as related to
flow capacity. Score: 0 = sized for at least a 100-year flow, low risk; 1 = sized for at least
a 50-year flow, low/moderate risk; 2 = sized for at least a 25-year flow, moderate risk of
failure; 3 = sized for at least a 10-year flow, moderate/high risk of failure; 4 = sized for
less than a 10-year flow, high risk of failure; 5 = sized for less than a 5-year flow,
extreme risk of failure.

6. Current Condition - For each crossing, assign one of the following values. Score: 0 =
good condition; 1 = fair, showing signs of wear; 3 = poor, floor rusting through, crushed
by roadbase, etc.; 4 = extremely poor, floor rotted-out, severely crushed, damaged inlets,
collapsing wingwalls, slumping roadbase, etc.

For each stream crossing, enter criteria values into a spreadsheet, sum the ranking criteria
values, and compute the total scores. Then sort the list of crossings by total scores to
determine a first-cut ranking for the project area. The results of the ranking matrix provide a
rough, first-cut evaluation. There are other important factors that should be considered when
deciding the exact scheduling of remediation efforts. The following list provides guidance
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that should assist in rearranging the first-cut ranking. On a site-specific basis, some or all of
these factors should be considered:

Presence or absence of other stream crossings - In many cases, a single stream may be
crossed by multiple roads. If migration barriers exist at multiple stream crossings, a
coordinated effort is required to identify and treat them in a logical manner, generally in
an upstream direction starting with the lowest crossing in the stream.

Fish observations at crossings - Sites where fish are observed holding during migration
periods should receive high consideration for remediation. Identify the species present,
count the number of fish, and record failed versus successful passage attempts. Consider
the potential for predation and/or poaching. Sites with holding fish are areas where
immediate recolonization of upstream habitat is likely to occur.

Amount of road fill - At stream crossings that are undersized and/or in poor condition,
consider the volume of fill material within the road prism. This is material which is
directly deliverable to the stream channel if the crossing were to fail. Also determine if
there is a potential for water to divert down the road if the crossings capacity is
overwhelmed.

Remediation project cost - The range of treatment options and associated costs must be
examined when determining the order in which to proceed. In cases where federal or state
listed fish species are present, costs must be weighed against the consequences of not
providing unimpeded passage.

Opportunity - Road managers should consider upgrading all migration barriers during
road maintenance activities. The ongoing costs of maintaining an undersized or
improperly installed culvert may exceed the cost of replacing it with a properly sized and
installed crossing. When undersized or older crossings fail during storms, road managers
should be prepared to install properly-sized crossings that provide unimpeded passage for
all species and life stages of fish.

DOT Practice and Design Guidance for Culvert Installation, Design, and Prioritization
for Fish Passage

The following state agency links contain installation guidance and stewardship practices for the
listed culvert and stream crossing measures. Practices cover the designs, construction and
maintenance of both temporary and permanent stream crossings, including culverts:

Culvert Pipe with Access Road, MD
Culvert Installation, MD

Multi-Cell Culverts, MD

Depressed Culverts, MD

Pipe/Culvert Extensions, NCDOT, p. 22
Pipe/Culvert Installation, NCDOT, p. 26
Streambed Gravel, WA, p. 146

Culvert Baffles, MD
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Several DOTs have developed programmatic approaches to Fish Passage improvements, as
detailed below.

Alaska Programmatic Agreement for Fish Passage Improvements

The Alaska Department of Transportation and Public Facilities (ADOT and PF)and the Alaska
Department of Fish & Game(ADF&G) developed a Memorandum of Agreement (MOA), signed
in August 2001, to improve fish passage through culverts and to streamline the review process
for the increasing number of fish habitat permits processed annually for culvert work. The MOA
is the result of more than 15 years of fish passage research by state agencies and the University
of Alaska Fairbanks, in addition to extensive discussions with fish and wildlife and
transportation counterparts in Washington and Oregon State, the Federal Forest Service, and the
National Marine Fisheries Service (now NOAA Fisheries). Prior to development of the MOA,
permitting decisions were often ad hoc, resulting in inconsistencies, unpredictability, and
unnecessary tension and conflict in the permitting process. Now, the MOA provides a
consistent, state-wide basis for evaluating and approving culvert structures.

Alaska’s Memorandum of Agreement (MOA) applies to both new culvert installation and
reinstallation of culverts during maintenance activities, where the ADF&G and/or the
ADOT&PF have determined that culverts are the appropriate structure. Key to the agreement is
a tiered approach to the culvert design. The level of information necessary for the permit
depends on the “Tier.” Opting for Tier 1 requires simulation of a natural stream, but requires
minimal interagency design review and permitting paperwork and leads to faster approvals.
Under the MOA, ADOT&PF’s senior Regional Hydraulic Engineer reviews all proposed fish
passage structures, including those proposed by Maintenance and Operations, for compliance
with the design criteria contained in the MOA. ADF&G provides relevant information early in
the design process, and if additional information from ADOT&PF is needed, requests such in a
timely manner and in a consolidated form. The MOA also provides ADF&G reasonable
opportunity to inspect culverts in the field and to review “as-built” plans prior to project
shutdown, demobilization, or release of the contractor(s), in order to ensure that all culverts are
installed in accordance with permit terms and conditions.

ADF&G and Alaska Department of Transportation and Public Facilities ADOT&PF believe the
agreement is leading to more timely approval of permit applications for culvert installations, as
well as improved passage for anadromous and resident fish populations through drainage
structures, when migrating to spawning, rearing and over-wintering grounds. As their agreement
represents current knowledge and state of the practice, ADF&G and ADOT&PF will meet
annually to review the MOA and to amend it appropriately to accommodate new information and
proven fish passage techniques.

Maine DOT’s Fish Passage Policy and Design Guide

In early 2002, the Maine Department of Transportation (MDOT) issued guidance establishing a
policy, process, and design guide for fish passage at MDOT projects with water-crossing
structures such as bridges, struts, culverts, pipes, or pipe arches. In the past, case-by-case
evaluation of crossings and the associated regulatory approvals added unpredictability to project
timelines and budgets. The new guidance establishes consistent expectations and procedures,
facilitating planning and budget estimation.
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To reach agreement on how best to achieve interagency goals, representatives from MDOT and
resource agencies met over several months to discuss the issues involved with fish passage and
establish a protocol considering the need for passage and the feasibility of improvement, given
site conditions and other potentially limiting factors. The team developed guidance that provide
a framework and tools to evaluate crossing projects by balancing a variety of needs at a site
(including regulatory requirements and resource needs) while delivering safe, cost effective, and
timely projects.

When examining whether fish passage and associated habitat issues are compatible with new
stream crossing structures or improvements to existing structures, Maine MDOT considers the
following goals:

e Maintain or replicate natural stream channel or flow conditions, as appropriate.
e Pass peak flows in accordance with MDOT drainage policy.

e Comply with existing regulations on passing fish.

e Consider potential impacts to rights-of-way, utilities and traffic.

e Meet appropriate standards and safety requirements.

e Provide reasonable life cycle costs.

e Consider the least environmentally damaging solutions.

In addition to including a clear protocol for the nature and timing of agency coordination, the
new guidance facilitates MDOT use of new and developing technologies. Currently MDOT
addresses deficient culverts by rehabilitating a culvert through insertion of a smaller diameter
pipe inside the existing culvert, placing a concrete lining at the inverts or throughout the entire
length, or by replacing the culvert. This rehabilitation allows a culvert to be repaired in place,
usually with less streambed disturbance and lower project cost than replacement would entail.

Oregon DOT Culvert Retrofit and Replacement Program Agreement

In 2001, the Oregon Department of Transportation (ODOT) and the state Department of Fish and
Wildlife (ODFW) signed a Memorandum of Understanding (MOU) acknowledging that
repairing or modifying ODOT-maintained culverts is a priority for the agencies that will take
decades to resolve. The Oregon Department of Fish and Wildlife completed culvert inventories
for the entire state of Oregon in 1999 and found that 96 percent of the barriers identified were
culverts associated with road crossings. The project also identified high priority culverts for fish
passage remediation.

ODOT has an ongoing program of culvert installation and maintenance, with the goal of making
all ODOT culverts passable to fish. After research monitoring results demonstrated the
effectiveness of baffle and weir designs in culverts, ODOT modified their culvert replacement
programs to use these designs, significantly reducing the cost of improving fish passage at
ODOT culverts. The designs improve fish passage by slowing water velocity and raising stream
elevations to reduce entry jump heights or backwater culvert outlets. Use of retrofit designs are
allowing culverts that are otherwise in good physical condition to be retrofitted until their service
integrity is compromised, at which time they will be replaced with designs that more fully meet
fish passage criteria and standards. Use of retrofits will thus allow many more culverts to be
remediated each year, increasing the scope and pace of ODOT’s contribution to salmon recovery
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in Oregon. The baffle and weir retrofits also provide ODOT an alternative to fish ladders, which
have become increasingly problematic for ODOT from a maintenance standpoint.

According to the MOU, ODOT will continue internal education regarding the needs and
requirement of fish passage, and prioritize its resources and culvert modification needs on an
annual basis, demonstrating good faith in addressing culvert passage problems. On replacement
culvert projects, ODOT will strive to simulate a natural stream and will determine if changes in
culverts result in flows detrimental to fish passage. ODFW is supporting ODOT’s efforts by
providing the master inventory of culverts that do not provide adequate passage, along with
technical assistance on educational activities, design, and construction techniques.

WSDOT Fish Passage Improvements on a System and Project-by-Project Basis

WSDOT is trying to tailor transportation investments in restoration and mitigation to mesh with
state and community watershed restoration and enhancement goals. To that end, WSDOT has
been pursuing watershed characterization research to better understand how watersheds store
water naturally (e.g., wetlands, riparian areas, floodplains) and then identify where land use has
resulted in the loss of natural storage capacity. So far, the agency has found that investments in
watersheds with lower areas of impervious surface may yield greater marginal benefits than
mitigation sited close to impact areas. Hence, WSDOT has directed mitigation investments to
restoring natural, self-maintaining systems that provide many other valuable watershed functions
such as groundwater recharge, water quality treatment and fish and wildlife habitat, along with
aesthetic, recreational, and educational values to residents.

WSDOT’s watershed approach aims to direct transportation mitigation and conservation dollars
toward high priority watershed needs, including recovery of native fish species. Access to good
quality habitat is a key factor in the recovery of listed salmon stocks and culverts can create fish
passage barriers that fragment habitat. Common problems with older culverts include high water
velocity, inadequate water depth, and large culvert outfall drops. Once these problems are
corrected, the benefits to fish habitat are real and immediate; in many cases, fish have been
observed upstream of improved culverts within weeks of restoring access.

WSDOT’s environmental procedures manual describes their environmental retrofit program for
construction and maintenance as retrofitting state highway facilities as appropriate to reduce
existing environmental impacts.(233) This commitment extends beyond the agency’s work in
performing appropriate avoidance, minimization, and environmental mitigation as a part of all
other highway system projects. The Washington State Highway System Plan update sets a 20-
year goal for correction of all state highway culvert barriers. Expenditures for barrier removal in
the current biennium are approximately $7 million, and estimates show that this spending level
would have to double to complete correction of all culvert barriers on the highway system in 20
years. Consequently WSDOT has developed and funded a research strategy to improve
understanding of how road crossings can become barriers to fish and the best approaches to
correcting barriers, enabling retrofit projects to be prioritized so that those culvert barriers that
promise to yield the greatest habitat benefits are corrected first.

The WSDOT fish passage barrier retrofit program is inventorying highways to locate impassable
culverts, rating the potential habitat to be gained from fixing them, and prioritizing the fixes.
WSDOT and the Washington Department of Fish and Wildlife jointly manage a statewide
database for this inventory with over 900 identified culvert barriers, many of which have been
added under more stringent criteria adopted in the past few years. Culverts associated with 2,000
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of the 7,000 miles in the state highway system have been inventoried. Since 1991, 27 barriers
have been corrected in the course of highway projects, and another 42 barriers have been
corrected through the special retrofit program. WSDOT maintenance personnel also correct or at
least improve some fish barriers during routine culvert maintenance.

WSDOT’s Environmental Retrofit Program also includes:

e Noise Barriers — Adding noise mitigation along state highways where neighborhoods
are exposed to unacceptable noise levels as defined by federal statute.

e Stormwater Discharge — Constructing new stormwater treatment facilities to treat runoff
from existing untreated pavements.

MDSHA Incorporates Stream Morphology Concepts in Culvert Design

In 1992, the Maryland State Highway Administration (SHA) initiated new design procedures to
limit the impact of constructing culverts and bridges in streams. Elements of the new procedures
included studies to define the characteristics of Maryland streams regarding bankfull widths,
depths, and discharges; training of engineers in basic and advanced courses in stream
morphology; and updating the SHA culvert design manual to address consideration of stream
morphology, fish passage, and other environmental features. The revised design procedure
emphasized the need to identify all appropriate objectives at the start of the design process so the
best overall solution can be determined. The design concept is to construct a stream system that
is stable and that neither scours nor aggrades. Elements of this approach include maintaining the
consistency of dimension, pattern, and profile of the stream with particular attention given to
maintaining bankfull width and width/depth ratio. Initial efforts to construct culverts using
stream restoration methodologies and to relieve the hydraulic load on the main channel culvert in
some cases to limit downstream scour and erosion were quite successful; MDSHA concluded
that it was practical to consider stream morphology concepts in culvert design.(234)

Alberta Transportation Practices and Measures for Protection of Fish & Aquatic
Ecosystems

Practices and measures for fisheries and aquatic ecosystems have been established in Canada,
and include the following:

¢ Crossings of a waterbody that provide fish habitat at any time of the year should be
designed, constructed, operated and maintained such that no new barriers to fish passage,
including physical, chemical or flow impediments (including maintaining minimum
flows and depths), are created so that fish can pass and the ability for fish to pass is not
reduced over time, unless authorized by the appropriate resource agency.

e If highway construction must proceed during a period when fish are moving between
different areas of their habitat, their safe passage shall not be restricted for an
unreasonable amount of time. The relevant period should be determined by a qualified
fisheries biologist, for the target species/community, in consultation with the appropriate
resource agency.

e Fish screens, guards, netting or other barriers should be installed and maintained across
any water intake withdrawing water from any waterbody that contains fish (e.g. for the
purposes of water-taking, dewatering, bypass pumping, etc.) or across the entrance to any
channel constructed for the purposes of conducting water temporarily from any
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waterbody that contains fish so as to prevent fish access until the water intake or
diversion has been decommissioned.

Any area of a waterbody containing fish that is temporarily isolated by guards, screens or
other barriers should be inspected for the presence of fish, and all fish should be captured
using appropriate means and released unharmed in adjacent fish habitat beyond the
barriers. This fish transfer should be conducted under the direction of a qualified fisheries
biologist, with the appropriate permit.

Fish shall not be harmed in any manner unless authorized by the appropriate resource
agency. Fish species, or parts or derivatives of fish species listed as extirpated,
endangered or threatened shall not be killed, harmed, harassed, captured, taken,
possessed, collected, bought, sold or traded except under a valid Permit.

No harmful alteration, disruption or destruction of fish habitat is permitted unless
authorized the appropriate resource agency. Destruction of any part of the critical habitat
of any listed endangered or threatened aquatic species, or an extirpated species where a
recovery strategy recommends reintroduction of that species to the wild, is not permitted.

Where a harmful alteration, disruption or destruction of fish habitat is authorized by the
appropriate resource agency. Appropriate compensation should be developed by a
qualified fisheries biologist, to ensure no net loss of the productive capacity of the habitat
occurs.

Where the use of explosives is required during construction in the vicinity of a waterbody
that contains fish, they should be used in such a manner as to ensure no harmful effects to
fish occur.

No substance of any type that is deleterious should be deposited in water frequented by
fish, or be released or placed such that the deleterious substance could enter the water.

Plans and specifications for highway construction that may affect fish habitat should be
provided to Ministry of Natural Resources and Fisheries and Oceans Canada, and
modified as required.

Where a substance is released and/or deposited into water such that fish and/or their
habitat could be harmed, it should be reported to the appropriate agencies (Ministry of
Natural Resources, Fisheries and Oceans Canada, Ministry of the Environment).

Where a substance is released and/or deposited into water such that fish and/or their
habitat are harmed or likely to be harmed, all reasonable measures to remedy the situation
should be undertaken as soon as possible.

Resource Agency and Other Design Guidance for Fish Passage

A number of agencies have guidance for design of culverts for fish passage, including:

Improving Stream Crossings for Fish Passage: Final Report (2004 NOAA Fisheries)
Final report of a multiyear research project investigating passage conditions for
anadromous salmonids at numerous steam crossings within Northwestern California.

The project evaluated the effectiveness of current fish passage guidelines. A main focus
of the study was relating observed migration of adult and juvenile salmonids fish passage
to existing and proposed design flows. The study also evaluated the leaping success of
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different size classes of fish at various culvert outlets and examined hydraulic conditions
within various culvert types.

California Salmonid Stream Habitat Restoration Manual, (2003) Commonly called “The
Green Book™ this California Division of Fish and Game manual details many aspects of
stream restoration and watershed monitoring and is the de facto standard (in California)
for in-channel and in-stream structures for fisheries habitat improvement. The 3rd Edition
contains a new section: “Part IX Fish Passage Evaluation at Stream Crossings,” added to
the manual in April 2003. The primary authors of this section were Ross N. Taylor and
Michael Love. This section addresses fish passage evaluations at stream crossings (roads,
bridges, etc.) and Data Collection for evaluations using the FishXing software.

Design of Road Crossings for Fish Passage (2003) Comprehensive engineering manual
by the Washington State Department of Fish and Wildlife detailing the design of manual
permanent, new, retrofit, or replacement road crossing culverts without harmful impact to
salmonid migration.

Washington State DOT Fish Passage Barrier Removal Program
Oregon DOT Water Quality and Habitat Guide, Best Management Practices (July 1999)

Fish-stream Crossing Guidebook, British Columbia Ministry of Forests (2002)
Culvert design manual for culverts, fords and low water bridges. Generally directed
toward range and wild land roads.

Geomorphologic Impacts of Culvert Replacement and Removal (2003) by the Oregon
Department of Fish and Wildlife.

DRAFT National Inventory and Assessment Procedure For Identifying Barriers to
Aquatic Organisms at Road-Stream Crossings USDA Forest Service, San Dimas
Technology and Development Center.

Juvenile and Resident Salmonid Movement and Passage Through Culverts (1998)
Washington State Transportation Center (TRAC), Univ. of Wash..

Stream Characteristics and Hydrology — Desien for Fish Passage and Aquatic Organisms
(BLM)

FishBase is a Searchable relational database with information to cater to different
professionals such as research scientists, fisheries managers, zoologists and many more.
Available on CD and on the web, it contains over 28,000 fish species, data on habitat
range, swim speeds, references, research photos and much more.

FishXing software and learning systems for the analysis of fish migration through
culverts has added features for hydraulic analysis of culverts and expanded biological
references, as of Spring 2004. FishXing gives detailed profiles of hydraulic conditions
and fish performance inside a variety of culvert shapes.

HydroCulv is an Excel-based macro that performs culvert hydraulic calculations to
determine water surface profiles through culverts based on culvert geometry data and
boundary conditions. Output includes key results such as freeboard, head loss, inlet and
outlet velocities, as well as depth and velocity profile information throughout each
culvert. Profile plots are available for each pipe and boundary condition.

188



Flow Pro is a Windows-based program that computes steady-state water surface profiles
for many prismatic open channel shapes, including circular, rectangular, trapezoidal,
triangular, U-shaped, and tubular. It handles both subcritical and supercritical flow types,
and flow through weirs, orifices, and underflow gates. Flow Pro also computes many
useful flow and channel properties including critical depth and slope, hydraulic radius
and wetted perimeter, normal depth, and channel roughness. It uses Manning’s equation
and numerical integration, and accepts both English and SI units of measure.

CulvertMaster is a Windows-based program intended for use in design and analysis of
culverts at road-stream crossings. The program uses US Federal Highway Administration
Design of Highway Culverts (HDS-5) methodology to perform inlet control and outlet
control computations, including pressurized flow conditions and hydraulic jumps. The
software can model hydraulics for most commonly used culvert shapes. It allows the user
to input the tailwater elevation or it can generate a tailwater rating curve based on a
downstream cross-section. Additionally, the user is able to input road surface elevations
to check overtopping conditions. CulvertMaster also contains a hydrology module that
allows the user the ability to calculate peak design flows using the Rational Method or
SCS Graphical Peak Method. It provides tabular and graphical output and can generate
reports. The program accepts both English and SI units of measure.

HEC-RAS is produced by the US Army Corps of Engineers, Hydrologic Engineering
Center. The Hydrologic Engineering Center’s River Analysis System (HEC-RAS) is
designed to perform one-dimensional hydraulic calculations for a full network of natural
and constructed channels. HEC-RAS allows the user to perform one-dimensional steady
and unsteady flow calculations within a graphical user interface. The steady flow
component of the modeling system is intended for calculating water surface profiles for
steady gradually varied flow. The system can handle a full network of channels, a
dendritic system, or a single river reach. The steady flow component is capable of
modeling subcritical, supercritical, and mixed flow regimes water surface profiles. The
unsteady flow component was developed primarily for subcritical flow regime
calculations.

WinXSPro uses a resistance-equation approach (e.g., Manning’s equation) to single
cross-section hydraulic analysis, and is capable of analyzing both the geometry and
hydraulics of a given channel cross-section. WinXSPRO was specifically developed for
use in high-gradient streams and supports three alternative resistance equations for
computing boundary roughness and resistance to flow. The program allows the user to
subdivide the channel cross-section so that overbank areas, mid-channel islands, and
high-water overflow channels may be analyzed separately. The program also allows input
of variable water-surface slope so that is may be varied with discharge to reflect natural
conditions.

PEAKFQ from the US Geological Service is a DOS based program that performs flood-
frequency analysis based on the guidelines delineated in Bulletin 17B, published by the
Interagency Advisory Committee on Water Data in 1982. The program is interactive and
contains the code from the WATSTORE program J407. PEAKFQ uses the method of
moments to fit the Pearson Type III distribution to the logarithms of annual flood peaks.
The skew that is used may be a user-developed generalized skew for a region, from the
Bulletin 17B skew map, computed from the data, or weighted between the generalized
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skew and station skew computed from the data. Adjustments can be made for high and
low outliers and historic information. Qualification codes may be used to censor data
from the analysis.

e CTE Literature Survey on Impacts of Culverts on Anadromous and Non-Anadromous
Fish Passage (December 2002)

e FISHPASS program for culvert installations — Alaska Department of Fish and Game

e Fish Protection Screens:

o Hydraulic testing of static self-cleaning inclined screens — U.S. Bureau of
Reclamation, Water Resources Research Laboratory

o Juvenile fish screen criteria for pump intakes —National Marine Fisheries Service,
Portland, Oregon

Post-Construction Evaluation and Long Term Maintenance and Assessment

Post-construction evaluation is important to assure the intended results are accomplished, and
that mistakes are not repeated elsewhere. There are three parts to this evaluation: 1) Verify the
culvert is installed in accordance with proper design and construction procedures. 2) Measure
hydraulic conditions to assure that the stream meets these guidelines. 3) Perform biological
assessment to confirm the hydraulic conditions are resulting in successful passage. Staff and
resource agency biologists may assist in developing an evaluation plan to fit site-specific
conditions and species. The goal is to generate feedback about which techniques are working
well, and which require modification in the future. These evaluations are not intended to cause
extensive retrofits of any given project unless the as-built installation does not reasonably
conform to the design guidelines, or an obvious fish passage problem continues to exist.(235)

Any physical structure will continue to serve its intended use only if it is properly maintained.
Hence the following practices should be employed.

e Ensure timely inspection and removal of debris for culverts to continue to effectively
move water, fish, sediment, and debris.

e Inspect all culverts should be inspected at least annually to assure proper functioning.
Summary reports should be completed annually for each crossing evaluated. An annual
report should be compiled for all stream crossings and submitted to the resource agencies.
A less frequent reporting schedule may be agreed upon for proven stream crossings. Any
stream crossing failures or deficiencies discovered should be reported in the annual cycle
and corrected promptly addressed.

3.6. STREAM RESTORATION AND BIOENGINEERING

The traditional approach to designing highway structures over water crossings has been based on
channel hydraulics, with little consideration of stream stability, causing reduced meanders, costly
upstream and downstream erosion problems, water quality impacts, barriers to fish passage, and
altering associated wetland and floodplain function. Increasingly, engineers and environmental
professionals are turning toward design procedures that minimize disruption of stable stream
channels and design in accordance with the natural fluvial geomorphology of rivers. These
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principles can also be used to restore the physical, biological, and aesthetic characteristics of
degraded rivers or help to maintain the natural stream properties for newly constructed projects.

Stream restoration and mitigation is a complex process that addresses the active channel as well
as the floodplain and the vegetation along its edges. Geomorphically mature natural channels

are dynamically stable and are characterized by an equilibrium of sediment supply and transport.
The active channel, floodplain, slope and discharge of natural channels provide the velocity
necessary to transport sediment generated in the basin. The aquatic community that resides in the
natural channel and along its floodplain has evolved to exploit the features of the channel and to
respond to the dynamic equilibrium that has been established. Healthy fish communities tend to
exist in productive, dynamically stable channel systems. Such systems provide a suitable mix of
habitat features: pools, riffles, bed materials, bank features, aquatic and stream bank vegetation,
woody debris, etc. that provide for the basic life requisites of food, reproduction and cover.
Therefore, dynamically stable natural channels provide good fish habitat that is sustainable over
a wide range of hydrologic conditions. It is generally recognized that natural channels provide
optimal sustainable fish habitat for the given natural climate, geology and terrain. Improving fish
habitat in natural conditions may not be sustainable over the long term, although short-term
improvements are feasible. Natural stream channels are the result of the gradual evolution of the
natural landscape and exist in a state of dynamic equilibrium. Natural channels typically lie in
valleys with floodplains that attenuate peak flood flows. Their geometry (e.g., channel depth,
slope, width, sinuosity, meander wavelength and width-to-depth ratio) can be described

by regime equations which depend on the geology and geography of the watershed. This
provides a tool that can be used to design channel diversions or realignments in accordance with
natural regime conditions and to design watercourse crossings to accommodate natural channel
processes.(236)

When changes to the channel, floodplain, vegetation, flow or sediment supply significantly affect
this equilibrium, the stream may become unstable and start adjusting toward a new equilibrium
state. This transition may take a long time and may substantially change water quality, habitat
and adjacent property. Stream restoration re-establishes the general structure, function and self-
sustaining behavior of the stream system that existed prior to disturbance, so the stream does not
aggrade or degrade and so that it provides the highest level of aquatic habitat and biological
diversity possible. To accomplish this, restoration may involve:

¢ Removal of the watershed disturbances that are causing stream instability.

¢ Installation of structures and planting of vegetation to protect streambanks and provide
habitat.

e Reshaping or replacement of unstable stream reaches into appropriately designed
functional streams and associated floodplains.

Bioengineering is the use of plant material, living or dead, to alleviate environmental problems
such as shallow rapid landslides, and eroding slopes and streambanks. Plants are an important
structural component of bioengineered systems, not just an aesthetic element. This approach to
slope stabilization requires a true partnership between engineering geologists, maintenance
personnel, civil engineers, and landscape architects. Bioengineering mimics nature by using
locally available materials and a minimum of heavy equipment. Hence it can offer designers and
roadside managers an inexpensive way to resolve local environmental problems. These
techniques can also be used in combination with “hard” engineering techniques such as rock or
concrete structures.
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The following benefits of bioengineering, or soil bioengineering as it is commonly called, are
outlined by: (237)

Soil bioengineering work is often the only practical alternative on sensitive or steep sites
where heavy machinery is not feasible.

Installation of soil bioengineered systems while problems are small will

provide economic savings and minimize potential impacts to the road and adjoining
areas. Erosion areas often begin small and eventually expand to a size requiring costly
traditional engineering solutions.

Many designs can be implemented by hand crews.

Native plant species are usually readily available and adapted to local climate and soil
conditions. Costs might be limited to labor for harvesting, handling, and transport to the
project site.

Soil bioengineering projects may be installed during the dormant season of late fall,
winter, and early spring. This is the best time to install plants and it often coincides with a
time when other construction work is slow.

Years of monitoring have demonstrated that soil bioengineering systems provide limited
initial benefits, but grow stronger with time as vegetation becomes established. Even if
plants die, roots and surface organic litter continue to play an important role during
reestablishment of other plants.

Once plants are established, root systems remove excess moisture from the soil profile.
This often is the key to long-term soil stability.

Soil bioengineering provides improved environmental functions, such as slope
stabilization, stormwater retention, and habitat values.

Nationwide, there is strong support for this natural stability approach from federal and state
regulatory agencies involved in the review of highway projects.

Planning Considerations for Stream Restoration and Bioengineering

A literature review for Transportation and the Environment (CTE) and NCDOT by the NCSU
Stream Restoration Institute for the Center found that despite research gaps in understanding the
goals of restoration, spatial and temporal aspects of structure use and placement, and the reach
level hydraulic effects of structures, most authors agree that the process and design of stream
restoration should cover the following principle areas: (238)

Analysis of channel history and evolution

Analysis of cause and effect of change

Analysis of current condition

Development of specific restoration goals and objectives prior to design
Holistic approach to account for channel process, riparian and aquatic function

Consideration of passive practices (such as fencing against livestock)

Natural channel design to restore function
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WSDOT outlines the following stewardship practices when planning and designing
bioengineering projects.(239)

Evaluate soil bioengineering methods as a possible tool for remediation and restoration of
degraded slopes. Soil bioengineering has unique attributes, but is not appropriate for all
sites. In some cases a conventional vegetative treatment works with less cost, or it may be
best to use a geotechnically-engineered system alone or in combination with soil
bioengineering.

Evaluate projects that leave exposed slopes, and slopes requiring high maintenance for
stabilization, for possible application of soil bioengineering technologies.

Include bioengineering technologies as an alternative when evaluating costs.

Include a slope stability analysis in plans for large erosional slopes.

Consider the natural history, cultural, and social issues of the surrounding landscape as well. A
proposed soil bioengineering project within a forested landscape, for example,
requires knowledge and understanding of:

Road construction methods and current maintenance practices.

Objective of the bioengineering project - repair, remediation, prevention, habitat, etc.
The area’s geologic and glacial history.

Its propensity for wild fires, wind storms, and floods.

Occurrence and trends of natural and management related erosion.

Sequence of vegetation removal and revegetation efforts.

Fire management history.

Soil types and properties

Hydraulic and hydrological erosion and scour characteristics.

The following basic planning considerations are good environmental stewardship practice when
planning and designing stream restoration and bioengineering projects:

Channel Features

The channel must possess key habitat characteristics including food supply for production,
appropriate areas for reproduction, areas for refuge and rest, and linkages between these areas.
When designing a channel reach these habitat characteristics need to be considered in relation to
the role of the reach in the stream habitat system. Features of the channel that should comply
with channel regime relationships and replicate local natural analogues include: (240)

Channel morphology: width, depth, pool area, riffle area, sinuosity, meander wave
length, bed material, bank material and slope.

Habitat substrate: percentage area in boulders (substrate larger than 256
mm), percentage area in cobbles (64 to 256 mm), percentage area in gravels (2 to
64 mm), percentage area in fines (< 2 mm), percentage bed area vegetated; and

Habitat structure: type of instream cover, percentage of instream area covered, length
of undercut bank, percentage of channel eroding, percentage bank area in debris cover,
shading.
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¢ Riparian Zone: type of riparian vegetation, extent of riparian vegetation. The channel
design should produce an overall channel form consistent with that which would evolve
naturally under the same conditions. This can be accomplished by comparing stream
classification attributes with representative stream reaches that are nearby. The use of
natural analogues to determine channel characteristics is recommended wherever
possible.

Conveyance Capacity

Flows that entrain sediment, cause bed and bank erosion, and flood the areas adjacent to the
channel are important to aquatic habitat. Bankfull discharge is considered to be the flow that
determines channel characteristics of width, depth, sediment size and sorting, and channel plan
form.

Flows exceeding 1:10 and 1:25 year recurrence intervals are normally the flows that connect the
channel to the riparian zone and affect the floodplain features of wetlands, vegetation cover, and
sediment deposition. Depending on the type of stream system, the floods greater than the 1:25
year and up to the 1:100 year flow fill the valley bottom, defining the limit of fluvial influence
on the landscape. The active channel area should, wherever possible, provide conveyance up to
the 2-year return period event. Additional conveyance should be supplied by the riparian zone
or floodplain. When site conditions limit the use of a floodplain to convey flows,

structural measures such as additional armoring, may be required.(247)

Low Flows

Low flow discharge characteristics in a stream system govern the ability of a stream to maintain
aquatic life and suitable water quality. Periods of low flow represent various levels of stress on
the system for the maintenance of fish populations. If a channel is not capable of providing
sufficient flow to maintain habitats or prevent periodic extinctions, then the habitat is not
sustainable. Key low flow characteristics include the following: (242)

e Habitat maintenance. Streams should maintain sufficient flow depths exceeding 0.2 m
along the entire stream up to the 7-day low flow that recurs once every 2 years on
average (7Q2). This represents a period of stress on the system that causes some reduction
of populations, and thus some loss of productive capacity.

e Local extinction flow. Fish habitat streams should maintain sufficient flow depths
exceeding 0.2 m along critical life cycle reaches up to the 7-day low flow that recurs once
every 10 years on average (7Q1o). The 7Qiorepresents a major period of stress on the
system and in many cases will cause local extinctions, especially in smaller systems.

e Systems extinction flow. Fish habitat streams should maintain sufficient flow depths
(e.g., depth should exceed 0.2 m) in overwintering pools up to the 7-day low flow that
recurs once every 20 years on average (7Q20). The 7Q2ois a significant stress on the
system and in many cases will result in extinctions of fish throughout many sections of
smaller stream systems.

Low flows are defined by the flow duration curve for the watershed. If the data for the derivation
of the low flows are not available they can be developed from regional relationships for
estimating low flows. Provided a natural channel can support sustainable fish habitat, design
guidelines should be incorporated into the channel design based on target fish species. For
example, intermittent streams would provide habitat for forage fish or spawning habitat for
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spring spawners such as arctic grayling or northern pike. Streams with permanent flow could
be designed to support target sport fish or other target species.

Information Requirements

Channel measurements include a site description, cross-sectional characteristics across the
channel and valley, an assessment of bed and bank material, documentation of bank vegetative
cover, channel profile and channel planform.

Site Description

The recommended procedure for characterizing the reach, the riparian zone, and the valley
bottom is as follows: (243)

e Locate the reach to be designed on a map with a scale of 1:2000 for urban areas with
contour intervals of 0.3 m. A 1:10,000 scale map should be used for rural areas. Also
locate the reach on air photos with a scale of 1:2000, if possible. As air photos of this
scale are unlikely to be available unless they are taken specifically for the project, it may
be necessary to use smaller scale air photos.

e Determine the upstream drainage area.

e Locate the upstream drainage basin and document its condition in terms of land use and
level of disturbance. Identify any potential changes to it, including development,
impervious surface development, channelization, drainage of wetlands, installation of
stormwater ponds, or infiltration fields.

e Locate the valley and document its width, terraces and breaks in the slope, and any
evidence of floodlines.

e Locate and identify any structures and other modifications to the channel, banks, and
floodplain.

e Locate and map out existing tree cover, shrubs, and understory cover. Locate any debris,
stumps, or large boulders in the channel, banks, or floodplain.

Cross-Sectional Measurements

Measurements of channel and valley cross-sections should extend across the valley slope and
include the following: (244)

e Stream width at the time of measurement of the flow.

e Average depth and maximum depth at the time of flow measurement.
e Bankfull width.

e Average and maximum depth at bankfull discharge.

e Stream entrenchment ratio.

Bed and Bank Material

Assessment of bed and bank material should be carried out by taking the following
measurements: (245)
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Sieve particle size analysis for various samples taken from all representative material
types in the section. If bed materials are too large for sieve analysis, characterize the
grain size distribution by counting stones.

A sketch of the location and a description of the condition of each representative material
type.

Visual estimates of the percentage of the bed’s area covered by boulders, cobbles, gravel
and sands, and fines.

The area and nature of the vegetative cover on the bed.

The particle size data should be plotted as cumulative percent to calculate dis, dsoand ds4
of the particle size distribution.

Bank Vegetative Cover

Bank vegetative cover should be documented to include the following: (246)

Density and height, using a gridded sampling frame to assess cover and to sample
numbers of plants, for the smaller plants.

Plant species, associates, and each type’s percentage of cover should be noted.
In the case of trees, sampling should be carried out at regular intervals along the transect.
Location of snags and overhanging vegetation should be noted.

The height of vegetation and width of the vegetative buffers along the bank should be
assessed.

Profile and Plan Measurements

For the design of a channel, the important variables required include the following: (247)

For each station at which the cross-sectional data were gathered, the following should be
measured according to a standard datum: water level, bed level, top of bank level, and
levels of any terraces. Any historical high water marks should also be recorded.

The plan form of the channel should be mapped. The map should include the thalweg’s
path, cut banks and point bars, mid-channel bars, riffles and pools, snags, and other
obstructions.

Meander characteristics including wavelength, radius of curvature, and meander belt
width and amplitude.

All elevations should be placed on the map so that the geometry of all features can be
referenced.

Depressions, wetlands, and other water storage areas in the floodplain should be mapped.
Vegetative cover in the channel and snags should be mapped.

Bank vegetative cover, overhanging vegetation, and riparian and floodplain vegetation
should be mapped.
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Design Steps

Many criteria need to be taken into account for the complex process of designing a channel
realignment or channelized section. These include: (248)

Discharge capacity (e.g., major flood)

Channel stability and sediment equilibrium (channel regime)
Riparian zone vegetation

Fisheries habitat (possibly species specific)

Recreational opportunities (active or passive)

Aesthetics (viewscapes)

Erosion protection

Since these objectives are not necessarily compatible, design conflicts can arise. For example,
the objectives for fisheries habitat will affect requirements for vegetation and physical features,
recreational and aesthetic objectives could affect topography and vegetation requirements, and
the geomorphological features required to provide a stable stream may reduce its capacity during
flood events. Physical constraints, such as urban encroachment, may exist and must be
considered in the design process. Choosing the right design parameters involves careful
consideration of all the objectives for the stream system and the constraints that exist within the
valley. Tradeoffs may be necessary to reconcile differences to establish workable design
parameters. The recommended design steps are outlined as follows: (249)

Step 1: Define Objectives for Design. Identify the objectives to be met in the
design. Multiple objectives may include conveyance, fisheries, habitat, recreation,
aesthetics, and maintenance.

Step 2: Define Existing Conditions. The existing characteristics should be identified and
detailed.

Step 3: Define Expected Natural Regime. Once the existing conditions are identified,
the change in natural regime should be established.

Step 4: Identify Inconsistencies. The predicted regime and the existing regime
should be compared to identify any inconsistencies and to determine if the stream is
in equilibrium.

Step 5: Design Parameters for Unconstrained Design. Design parameters for

the channel should be developed that will meet the objectives and provide stable,
natural conditions.

Step 6: Identify Constraints. Identify the constraints to the channel such as property
encroachments, roadways, etc.

Step 7: Identify Tradeoffs. The constraints and optimum conditions should be compared
and the tradeoffs should be identified.

Step 8: Develop Final Design Parameters. The tradeoffs should be evaluated
and decisions made about selecting design parameters. The design should be compared
to the objectives and any shortcomings should be identified.

197



e Step 9: Evaluate Design. The design parameters should be compared to
the unconstrained condition (see Step 5) and the differences should be evaluated
for acceptability.

Climatic Conditions

Climates near the ground can vary considerably within short distances. South facing valley walls,
for example, receive more direct sun rays, which cause higher soil temperatures, increased
evaporation, more rapid snowmelt in the spring, and generally drier conditions than on the more
shaded north facing walls. This difference will influence erosion rates and the composition and
vigor of revegetation efforts.

e Consider precipitation types, amounts, seasonal variation, and duration.

e Consider temperatures, including seasonal averages and extremes.

Topography and Aspect
e Slope gradient.
e Terrain shape (for example, gentle slope to valley or sharp peaks).
¢ Elevation of project area.

e Direction of sun exposure.

Soils

Identify conditions above, below, or within the project site that might have an effect on the
project and incorporate these considerations into the design. Consult with the HQ Engineering
Geologist to determine need for slope stability analysis. Some categories below will require soil
testing to determine.

e Substrate - take soil probe sample from potential site.
e Soil types

e Soil permeability

e Moisture holding capacity

e Nutrient availability

Water

Detailed analysis or work in streams or rivers will require consultation with a hydraulics
engineer. Work affecting streams or rivers will require consultation with the DOT environmental
office.

e Water velocity: Lateral stream stability

e Hydrologic regime: general and site specific.

e Ifapplicable, stream and fish types affected by the erosion site.

e Location of natural drainage channels and areas of overland flow from road surfaces.
e Areas for safe water diversion.

e Condition of ditch line and culvert inlets and outlets.
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Erosion Process
e Evidence of past sliding: deep or shallow failure surface in vicinity.
e Regional geomorphic trends or slope features (review aerial photos).
e Type of mass wasting or surface erosion feature.
e Source of eroding material: road fill slope, cut slope, landing, etc.

e Trend of site: improving naturally, remaining uniform, or worsening.

Vegetation

Living vegetation is the most critical component of a bioengineered system. Existing vegetation
and knowledge of predisturbance plant communities can inform the designer of project
limitations, opportunities, and long-term ecological goals. Plants that can resist mechanical
stresses of erosion, floods, and landslides, while developing a strong, stabilizing root system are
best suited for soil bioengineering applications. The best indicator of which plant materials to
consider for the soil bioengineering project is the plants growing on or adjacent to the

project site. Deciding which plants to use is affected by the following factors:

e Site characteristics (topography, elevation, aspect, soil moisture, nutrient levels).
e Existing vegetation.

¢ Intended role of vegetation in the project.

e Growth characteristics and ecological relationships of the plants.

e Availability.

e Locations for plant and seed collection.

e Plant species and amount growing within and adjacent to project site. It is especially
important to identify colonizing species.

e Logistical and economic constraints.

Plant materials are chosen from among those species available on the site or nearby.
Alternatively, it might be possible to salvage like species from a similar area where vegetation is
scheduled to be removed. Logistical concerns are important in the selection of plant material.

Coordination and Communication on Bioengineering Projects

The complexity of the project dictates the level at which the following environmental
stewardship practices in bioengineering or stream restoration are performed. An
interdisciplinary team is typically necessary for all steps.(250)

e Involve all associated disciplines early in the process.

e Establish clear project objectives.

e Conduct predesign field review.

e (Conduct plan-in-hand field review.

e Have a prework meeting with contractor to highlight key areas.

e Scheduling and timing of project is important when considering erosion outputs.
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When laying out the project, be consistent with the flagging.

Ensure that terraces are level (on the contours) so that they do not act as stream channels.
Level terraces will act to slow erosion.

Diligent inspections of work-in-progress and timely feedback are critical. Develop a good
working relationship with heavy equipment operators and hand crews. Poor inspection
and poor communications can ruin a well designed project. Remember “You get what
you inspect, not what you expect”!

Monitor and document project effectiveness.

Disseminate this information to colleagues and adjust future prescriptions based on
monitoring results.

Annual peer review by land managers provides good feedback and keeps them informed.

Available Guidebooks and Research in Progress

In October 1998, FHWA, AASHTO, and TRB sponsored a scanning review of European
practice for bridge scour and stream instability countermeasures.(25/) Since that time, state
DOTs have undertaken a number of research efforts to establish regionally appropriate
guidelines. NYSDOT and NCDOT are among other DOTs that include recommendations for
appropriate practices when working near streams in maintenance or construction manuals.

NCDOT has developed Guidelines for Relocations of Mountain Streams in North
Carolina and jointly funded the Stream Restoration and Natural Channel Design
Guidebook.

Mn/DOT has developed Guidance for Stream or Water Body Modification,
KYTC has put together a manual of BMPs for streamside areas.

WSDOT Roadside Manual Chapter 740 - Soil Bioengineering addresses definitions,
planning, design, implementation, site evaluation, and eleven upland soil bioengineering
techniques.

The Nebraska Cooperative Extension Service has published Bioengineering Techniques
for Hillslope, Streambank, and Erosion Control.

The Stream Restoration: A Natural Channel Design Handbook prepared for the North Carolina

Department of Transportation by the NCSU Stream Restoration Institute, is available on-line and
contains River Cross Section Survey, Fact Sheets on River Courses, and Structure Details for
Vanes and Rootwads in addition to:

1.

e A o

Introduction to Fluvial Processes

Existing Condition Survey

Gage Station Analyses and Bankfull Verification
Restoration Priority Options for Incised Streams
Reference Reach Survey

Design Procedures

Structures

Vegetation Stabilization and Riparian Buffer Re-establishment
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9. Erosion and Sediment Control Plan
10. Flood Studies

11. Evaluation

12. References

Materials for an accompanying four-day workshop held for 35 NCDOT staff are available from
the NCSU Stream Restoration Institute, NCDOT, or CTE.

e Maryland’s Waterway Construction Guidelines recommends that the planning and design
of any stabilization, restoration, or in-stream construction project should include a set of
clearly defined restoration objectives, a comprehensive monitoring strategy, and an
adaptive management plan. Objectives vary from aesthetic improvements to habitat
enhancement to safety and installation of hydraulic structures and roadways. Identifying
the objective of the project must be accomplished before the design process can begin.
Regardless of the nature of the objective, it should include measurable performance
criteria. Performance criteria are quantitative measurements that are made in the stream
corridor and compared to the project’s objectives and can include parameters such as
suspended sediment load and rate of lateral channel migration. A comprehensive
monitoring strategy including appropriate baseline studies and timing, frequency, and
location of field measurements, is necessary to assess the degree of project success or
failure and to determine an adaptive management plan. Options for an adaptive
management plan include adjustment or maintenance of individual measures,
modification of project goals and objectives, and project redesign.

e The Washington Department of Fish and Wildlife resources for stream restoration
includes a Glossary, Overviews of Hydrology, Hydraulics, and Fluvial Geomorphology
and overviews of various restoration techniques.

Federal efforts have included the following:
e EPA’s Principles for the Ecological Restoration of Aquatic Resources (252)

e Stream Corridor Restoration: Principles, Processes, and Practices.

The latter incorporates and reflects the experiences of the fifteen collaborating agencies and has
received the endorsement of and awards from the American Society of Landscape Architects. It
is more general than some of the other guidebooks available and is easily applicable nationwide
in both urban and rural settings, to a range of stream types. The guide is divided into three
principal parts. Part I provides back-ground on the fundamental concepts of stream corridor
structure, processes, functions, and the effects of disturbance. Part II focuses on a general
restoration plan development process comprised of several fundamental steps. For example, in
analyzing stream restoration alternatives, a management summary of proposed activities should
be prepared, including an overview of the following elements:

e Detailed site description containing relevant discussion of all variables having a bearing
on that alternative.

e Identification and quantification of existing stream corridor conditions.

e Analysis of the various causes of impairment and the effect of management activities on
these impaired conditions and causes in the past.
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Statement of specific restoration objectives, expressed in terms of measurable stream
corridor conditions and ranked in priority order.

Preliminary design alternatives and feasibility analysis.
Cost-effectiveness analysis for each treatment or alternative.
Assessment of project risks.

Appropriate cultural and environmental clearances.
Monitoring plan linked to stream corridor conditions.
Anticipated maintenance needs and schedule.

Alternative schedule and budget.

Provision to make adjustments per adaptive management.

Part I1I briefly covers Restoration, Installation, Monitoring, and Management. The information
lacks detailed design guidance for various stream restoration techniques, but state environmental
agencies and DOTs have begun to fill that gap, as will NCHRP 24-19, results of which are due in
late 2004.

NCHRP 24-19 seeks to fill part of the gap in DOTs abilities to use and rely on
environmentally sensitive bank and erosion control measures. Traditional channel- and
bank-protection techniques have relied on countermeasures such as riprap, gabions,
cable-tied blocks, or grout-filled bags, which may not offer sufficient in-stream functions,
such as habitat diversity, fish passage, water quality, and energy dissipation.
Environmentally sensitive channel- and bank-protection measures (ESCBMs), such as
bioengineering, root wads, large woody debris, riparian vegetation, bendway weirs, and
energy dissipaters, are being called for more frequently to protect transportation facilities
from erosion, scour, and lateral migration. The CD will include for each ESCBM
covered:

A review of the technical literature from foreign and domestic sources pertaining to
environmentally sensitive channel- and bank-protection measures.

Performance data.
Examples, charts, tables, figures, drawings, and specifications.
Guidance pertaining to selection and application.

Critical evaluation of the extent and adequacy of existing information pertaining to the
current state of practice for the selection and design of the measure.

Upcoming NCHRP projects will cover Riprap Design Criteria, Specifications and Quality
Control and Hydraulic Loss Coefficients for Culverts.

EPA’s Decision-Making Guide for Restoration and a Stream Restoration Glossary

Stream Corridor Inventory and Assessment Techniques

Assessing Conditions of Stream Corridors at the Areawide Level -- Using Proper
Functioning Condition (PFC) Methodology Technical Report

TR 1737-12, Using Aerial Photographs to Assess Proper Functioning Condition of
Riparian-Wetland Areas
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e TR 1737-15, Riparian Area Management: A User Guide to Assessing Proper
Functioning Condition and the Supporting Science for Lotic Areas

The following new state DOT research is in progress:

e Mn/DOT is undertaking a “Scoping Study for the Development of Design Guidelines for
Bioengineering in the Upper Midwest,” with research results due in early 2005.(253)
The project will assess current design methods, clarify current practices, propose areas
where better design guidance is needed and outline further research requirements.

e Georgia DOT is investigating the feasibility of using recently developed stream
restoration techniques, specifically in-stream structures, to restore the previous channel
geometry and habitat continuity in the vicinity of bridges.(254) The project will develop
a database of the effectiveness of three different materials (rock, wood, and salvaged
concrete slabs) for the restoration structures and restoration failures in the region. Results
are due in 2006.

e Florida DOT, in conjunction with USFWS, is also collecting regional data; in particular
the agencies are developing regional curves to characterize and stream channel hydraulic
geometry (i.e., width, depth, and cross-sectional area) in relationship to bankfull
discharge and watershed area and assist in natural channel design for FDOT projects.
This study is expected to provide a model for future efforts to analyze streams statewide
and result in improved guidelines for designing culverts and bridges to preserve natural
bankfull channel dimensions and their associated floodplains and wetlands. Study results
are expected in 2005.(255)

e Nebraska DOR is establishing guidelines about when and where to use vegetation to
control erosion on streambanks, how to establish the vegetation, and what types of
vegetation are most practical in any given situation. The research team also investigated
combined erosion control methods to see if bioengineering can improve the stability and
appearance of non-biological erosion control techniques in locations where vegetation by
itself provides insufficient protection against erosion. MDT and FHWA are also
undertaking research in alternative strategies in stream restoration.(256)

Bioengineering Technique Selection

Selection of the appropriate technique, or techniques, is critical to successful restoration.
NCHRP 24-19 Environmentally-Sensitive Channel and Bank Protection Measures will provide
guidelines for 44 bioengineering techniques, accompanied by 19 Special Topic guidance
documents, and a total of 55 typical drawings in both AutoCAD and MicroStation formats. For
each of the 44 different bioengineering techniques, the following information will be provided:

e Description

e Purpose

e Planning

Useful For Erosion Processes
Spatial Application

Hydrologic / Geomorphic Setting

o O O O

Conditions Where Practice Applies
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o Complexity
o Design Guidelines / Typical Drawings
e Environmental Considerations / Benefits
e Hydraulic Loading
e Combination Opportunities
e Advantages
e Limitations
e Materials And Equipment
e Construction / Installation
e Cost
e Maintenance / Monitoring
e Common Reasons / Circumstances For Failure
e (ase Studies And Examples
e Research Opportunities
e References

Bioegineering techniques are grouped into four major categories, viz., 1) River Training
Techniques, 2) Bank Armor and Protection, 3) Riparian Buffer and River Corridor Treatments,
and 4) Slope Stabilization. The CD will include a rule-based selection system that relates the
hydraulic, geotechnical, and environmental constraints of each technique to site conditions and
project constraints to aide the user in selecting an applicable measure. Also included will be
reference material “hot-linked” within the various design criteria provided. The material will be
considered state-of-the-art when it is due out in late 2004 and will cover the following practices:

(257)

Example 6: Environmentally Sensitive Channel- and Bank-Protection Measures to be Included in NCHRP 24-19

River Training Bank Armor and Protection
1. Spur dikes 18. Vegetation alone
2. Vanes 19. Live staking
3. Bendway weirs 20. Live fascines
4. Large woody debris structures 21. Turf reinforcement mats
5. Stone weirs 22. Erosion control blankets
6. Longitudinal stone toe with spurs 23. Geocellular Containment Systems
7. Longitudinal stone toe 24. Rootwad revetments
8. Coconut Fiber ,ROHS Bank Armor and Protection, cont.
9 Vegetqted gabion basket 25. Live brush mattresses
10. Live cribwalls , . 26. Vegetated articulated concrete blocks
1. Vegetgteq Mechanically Stabilized Earth 27. Vegetated riprap
12. L!ve siltation , 28. Soil & grass covered riprap
13. L'Ye brushlayering 29. Vegetated gabion mattress
14. Willow ppsts and poles 30. Cobble or gravel armor
15. Trench fill revetment
16. Vegetated floodways Riparian Buffer and Stream Corridor Opportunities
17. Meander restoration 31. Live gully repair
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Vanes with J hooks
32. Cross Vanes
33. Boulder clusters

Combining Techniques

Designing Stone Structures

Ecological Aspects of Bridge Design
Geotextiles and Root Penetration
Harvesting/Handling of Woody Cuttings

9. Management of Conveyance

10. Optimal Compaction and Other Strategies
11. Physical Aquatic Habitat

Slope Stabilization
34. Diversion dike
35. Slope drain
36. Live pole drain
37. Chimney drain

© N O

38. Trench drain 12. Proper Functioning Condition

39. Drop inlet 13. Resistive (Continuous) vs. Redirective

40. Fascines with Subsurface Drain (Discontinuous)

41. Flattening 14. Revetments to Resist Wave Wash

42. Stone - Fill Trenches 15. Self-Launching Stone / Well Graded Stone

16. Sources, Species, and Durability of Large Wood
17. The Key to Stability is the Key
18. The Role of Geotextiles and Natural Fabrics

Special Topics
1. Bankfull Discharge
2. Bio-Adaptive Plant Response
3. Checklist/Guidelines for Effective Design

Bank Protection and Stabilization Techniques

Streambank stabilization affects many of the structural characteristics and functions of a stream.
These impacts can be viewed as either adverse or beneficial, depending upon the perspective of
the individual assigning values to the system. The prevailing philosophy in ecosystem
management is that physical alterations of the structure and character of an ecosystem are most
significant if they also impact process-based functions. Erosion control measures are most likely
to impact morphological evolution, sediment processes, and habitat, and are least likely to impact
the stream’s hydrologic character and the chemical processes and pathways.

River functions most likely to be impacted by stabilization measures include stream evolution
processes, riparian succession, sedimentation processes, habitat, and biological community
interactions. Those least likely to be impacted include the functions related to hydrologic balance
and chemical and biological processes.

Bank protection practices are designed to protect the stream bank from erosion or potential
failure. Bank protection practices include practices that are structural in nature, as opposed to
practices often grouped as bank stabilization, which tends toward less structural and more
vegetation-reliant techniques such as bioengineering, to stabilize streambanks. Bank protection
practices are used along stream reaches where eroding streambanks threaten private property or
public infrastructure or where available space or highly erosive flows are a constraint.

The most common examples of bank protection practices are rootwad and boulder or riprap
revetments. Fact sheets on Bank Protection Techniques, provided by the Washington
Department of Fish and Wildlife, cover the following Structural Techniques:

e Anchor Points

e Roughness Trees

e LogToes

¢ Roughened Rock Toes
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Bank stabilization practices generally involve regrading the stream banks to a stable angle and
geometry, followed by the use of vegetative plantings and biodegradable materials to stabilize
the streambank and prevent future bank erosion. Widely used practices within this latter group
include coir fiber logs, live fascines and willow plantings. A Caltrans Stormwater Fact Sheet on
Stream Stabilization is available online. This source describes Best Management Practices that
can reduce the discharge of sediment and other pollutants and minimize the impact of
construction activities on watercourses

A number of the following techniques are also used in river training or channel restoration, are
reviewed here rather than in those later sections.

Riprap

Riprap usually refers to natural stone (i.e., cobbles, boulders, or broken stone), used for
shoreline, streambank, or streambed armoring for erosion control. Riprap has many advantages
over other bank protection techniques including: low cost, relatively simple construction
techniques as necessary, easily repaired, ability of vegetation to grow between rocks, increasing

stability of the bank and improving habitat value of the structure, and performance is not
impaired.(258)

Riprap structures can have ecological benefits and can even be used specifically to improve the
quality of riverine habitat. Stabilizing stream channels with riprap can reduce sediment loads,
improve water quality, and allow re-establishment of riparian vegetation. Stone used in riprap
structures provides hard substrate habitat that can be important in some sand bed streams where
it might be limited, and spaces between riprap stones provide velocity refuge and cover for
aquatic invertebrates and small fishes.

Generally, streams with healthy riparian vegetation communities and the habitat features
associated with such communities (shade, relatively stable undercut banks, large woody debris,
etc.) will be harmed ecologically from the addition of riprap structures. On the other hand,
habitat may be improved on streams where natural hard substrate is rare or lacking. Systems
with excessive erosion due to anthropogenic causes are most likely to benefit ecologically from
riprap. According to the literature, the impacts for coldwater fisheries are predominantly
adverse, whereas impacts for warmwater organisms are overwhelmingly beneficial.(259)
Although a number of variables are involved, this general trend appears to be related to the
character of the habitat afforded by the riprap relative to the habitat it replaces and the other
habitat in nearby reaches. In most of the warmwater systems studied, coarse hard substrate was
very limited, so the addition of riprap provided a habitat niche that was rapidly exploited by a
number of species.(260) The Washington State Department of Fish and Wildlife produced a
Literature Review of Revetments and found predominantly adverse effects in these cold water
environments.(267)

Design Considerations and Practices for Minimizing Environmental Impacts from Riprap

Careful planning can minimize impacts due to construction, and design features can often be
incorporated into riprap structures to improve their habitat value. According to the U.S. Army
Corps of Engineers, most of the impacts associated with rmoring a streambank are the same
regardless of whether the armor material is riprap, concrete, vegetation, or a synthetic product;
material-related impacts are generally associated with the habitat characteristics of the structure,
and the influence of the structure on riparian vegetation.(262)
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Impacts associated with the use of riprap as an erosion control measure can be minimized by
modification of structures and incorporation of the following environmental stewardship
practices. Similar modifications can be employed to minimize the impacts associated with riprap
used as toe protection in a slope stabilization project.

e  When used as an armor material, minimize riprap impacts by reducing the height of the
protection, by increasing the slope of the embankment, and by sizing the riprap to afford
adequate habitat within the aquatic environment.

¢ Plant the interstices of a riprap revetment with woody vegetation.

Measures to reduce the impacts associated with flow deflection structures incorporating riprap
include the following:

e Carefully locate the deflection structures to minimize impacts to the riparian corridor

e Modify the structure design in order to generate desired habitat characteristics within the
aquatic environment.

Structure designs that result in diverse conditions or that restore or generate necessary habitat can
produce generally positive impacts. The size and gradation of stone for both flow deflection and
armor structures can be adjusted to reduce impacts in some cases. Most impacts caused by
energy reduction structures are related to the height of the structure. High structures significantly
decrease the energy and water surface slope, induce sediment deposition upstream and scour
downstream, and can present a barrier to the migration of aquatic organisms. These impacts can
be minimized by the following measures:

e Replace single structures with a series of low-head structures.

¢ Incorporate structural modifications to improve sediment continuity and fish passage.

Construction Practices to Minimize Adverse Environmental Impacts from Use of Riprap

Construction methods used to place revetments should be carefully reviewed to ensure that they
do not contribute to environmental degradation. Construction of a typical riprap structure
requires extensive use of heavy equipment, and steps should be taken to minimize damage to
riparian vegetation and instream habitats.

e Plan movement of construction materials to minimize impacts to riparian vegetation
outside the area of interest.

e Conduct riprap placement so as to preserve existing trees along the bank that are not in
danger of windthrow or toppling.

e Regulate equipment operation on the upper banks to minimize soil compaction in the
riparian zone, which leads to plant mortality.

Common methods of riprap placement include hand placing; machine placing, such as from a
skip, dragline, or some form of bucket; and dumping from trucks and spreading by bulldozer.
Hand placement produces the best riprap revetment, but it is the most expensive method except
when labor is unusually cheap. Steeper side slopes can be developed with hand-placed riprap
than with other placing methods.

e Where steep slopes are unavoidable (when channel widths are constricted by existing
bridge openings or other structures, and when rights-of way are costly)consider hand
placemen.
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With machine placement release sufficiently small increments of stone as close to their
final positions as practical.

Minimize rehandling or dragging operations to smooth the revetment surface, as this
tends to result in segregation and breakage of stone, and can result in a rough revetment
surface.

Avoid dropping stone from an excessive height as this may result in the same undesirable
conditions.

Minimize riprap placement by dumping and spreading as a large amount of segregation
and breakage can occur. In some cases, it may be economical to increase the layer
thickness and stone size somewhat to offset the shortcomings of this placement method.

Timing of construction is important when managing for certain impacts.

Construction activities should generally be avoided when they will disrupt spawning or
nesting activities of nearby sensitive species.

Designs that incorporate vegetation may require that the installation occur during the
dormant season.

Construction activities should generally be abandoned when flows are sufficient to
heighten the risk of catastrophic failure.

NCHRP 24-19 will outline environmental stewardship practices for implementing Cobble or
Gravel Armor, Vegetated Riprap, and Soil and Grass Covered Riprap. Currently available on-
line guidance includes:

Riprap, MD
Imbricated Riprap MD

Riprap, WSDOT, p. 103

Riprap, WA Fish & Wildlife, p. 6.67
Riprap Slope Protection, NCDOT, p. 105
Riprap Outlet Protection, NCDOT, p. 107

Spruce Tree Revetments, AK

Gabions

Gabions are stone-filled wire baskets that are used to protect the stream bank from erosive water
currents. NCHRP 24-19 will provide guidance for the use of Vegetated Gabion Baskets and
Vegetated Gabion Mattress. Meanwhile, guidance is available on-line on implementation of
gabions from the Maryland Department of the Environment.

Toe Protection

Toe Protection consists of reinforcing bank toes with vegetation, bioengineering methods, or
rigid engineering techniques to ensure the dynamic or rigid stability of the stream corridor.
NCHRP 24-19 will have forthcoming information on Longitudinal Stone Toe with and without
Spurs. Maryland and Alaska have online resources for toe protection as follows.

Toe Protection, MD

208



e Live Siltation, AK

Vegetated Concrete Blocks

Vegetated Articulated Concrete Blocks or Cellular Concrete Blocks are precast perforated
concrete blocks which stabilize slopes or streambanks but also allow vegetation to establish itself
through openings in the block.(263) NCHRP 24-19 will provide practice guidance for Vegetated
Articulated Concrete Blocks. Meanwhile, practice guidance for implementation is available on-
line from Florida:

e Cellular Concrete Blocks, FL, p. 79
e Grid Confinement Systems, FL, p. 75

Live Crib Walls

Live Crib Walls are hollow, box-like frameworks of untreated logs or timbers filled with riprap
and alternating layers of suitable backfill and live branch layers and are used for slope,
streambank, and shoreline protection.(264) They are sometimes used in channel restoration or
river training as well. Environmental stewardship practices for live crib walls and vegetated
cribbing are available online in the form of fact sheets and guidelines from the following states:

e Live Crib Walls, MD
e Log Cribwalls, WA, p. 6.99
e Vegetated Cribbing, AK

Root Wads

Root Wads are a streambank protection technique that provides immediate riverbank
stabilization, protects the toe of slope and provides excellent fish habitat, especially for juveniles.
Root wads are particularly well suited for higher velocity river systems and riverbanks which are
severely eroded. They provide toe support for bank revegetation techniques and collect sediment
and debris that will enhance bank structure over time. Because of their size, root wads usually
require the use of heavy equipment for collection, transport and installation.(265)

NCHRP 24-19 will cover rootwad revetments. Environmental stewardship practices for live crib
walls and vegetated cribbing are currently available online in the form of fact sheets and
guidelines from the following states:

e Root Wads, MD
e Structure Details For Vanes And Rootwads, NCDOT
e Root Wads, AK

Live Staking

Live plants can be incorporated into a riprap structure to enhance its habitat and aesthetic value.
Live staking (i.e., planting live woody vegetation) of the riprap interstices is common, and root
wads can be incorporated into a riprap structure. The woody vegetation enhances the habitat
value of the structure, and as an added benefit, it can also increase bank stability and reduce
chances of structure failure. In areas where aesthetics are especially important, the stone above
the normal high water level can be covered with soil and planted in grasses. Cuttings (live
stakes) are the most beneficial means of adding vegetation to riprap structures.

209



e Cuttings should be prepared from woody plants that root adventitiously (e.g. Salix spp.),
obtained from as near the site as possible, and should be free from obvious signs of
disease.

e To root effectively, cuttings must have good soil/stem contact, (difficult to achieve in
many riprap structures) and must be placed to a depth sufficient to access groundwater
during drought.

e Woody cuttings or posts can be placed through many riprap sections using a stinger
mounted on an excavator. The stinger creates a pilot hole into which the cutting is
inserted. A recently patented procedure allows the installation through riprap of plants
that are encapsulated with soil, greatly improving survival, as a lack of soil contact within
the riprap section is a leading cause of mortality for plants installed with a conventional
stinger. Alaska has added information online under the heading of Dormant Cuttings.

Live staking BMP fact sheets and resources online include:
e Live Stakes, MD
e Live Staking, AK
e Live Staking, WSDOT, p. 93
Live Staking, Willow Posts, and Poles, to be covered in NCHRP 24-19

Large Woody Debris

Research on the effect of wood structures includes both biological and hydraulic study. Large
organic debris or large woody debris has an important influence on stream process and
morphology by hydraulically controlling areal sorting and storage of sediment, spacing of pool-
riffle sequences and channel geometry.(266)

Two studies in wood placement examine the effect on trout habitat.(267) Both papers report
increases of trout fry and biomass associated with large woody debris. Hilderbrand et.al
compared the effect of random design and human judgment-based placement of large wood
structures. Their most significant finding was the 146 percent increase in pool area associated
with systematic placement opposed to 32 percent pool area increase in random placement.(268)

The Washington Department of Fish and Wildlife has produced guidance on Anchoring and
Placement of Large Woody Debris that is available on-line. Another Washington document also
has guidance on Large Woody Material (p. 88).

Live Fascines

Live fascines are groups of dormant branches bound together to create a log-like structure that
will root and grow, quickly providing plant cover. The bundle is used to revegetate and stabilize
slopes, secure the toe of streambanks, or provide a transition from one revegetation technique to
another (e.g., a brush mat to a live siltation). Bundles are planted in shallow trenches and provide
immediate physical protection to a site before plant growth begins. Bundles create small shelves
that collect native seeds and water.(269) Environmental stewardship practice guidance on
implementing these techniques will be available from NCHRP 24-19 and is currently available
from the following states:

e Bundles (Fascines), AK
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e Live Fascines, MD

Brush Layering or Branch Packing

Brushing Layering is a revegetation technique which combines layers of dormant cuttings with
soil to revegetate and stabilize both streambanks and slopes. It is one of the best techniques for
these purposes. Living and non-living brush layers provide fish habitat. Branches are placed on
horizontal benches that follow the contour of the slope and provide reinforcement to the soil.
Steep slopes and streambanks are better stabilized when a biodegradable revegetation fabric is
used to hold the soil in place between the plant layers. Additional stability is provided when the
front of the soil layer is seeded with grass while the woody plants ar