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1. Introduction

1.1 Objective

Environmental costs can significantly affect the overall cost of transportation projects;
however, estimating practices for environmental costs are not as well documented as those
for more traditional cost elements. For this reason, the AASHTO Standing Committee on
the Environment decided on the need for guidance with regard to best practices for
estimating environmental costs in transportation projects.

The objective of NCHRP project 25-25(39) was to develop guidelines on improved
methodologies for estimating environmental costs in transportation projects. Improving
transportation project cost estimating practices has the potential to improve the overall
management of the project delivery process. Improved accuracy in cost estimating directly
contributes to improved project financial management and project scheduling.

The project statement for NCHRP 25-25(39), entitled, “Improving Environmental Project
Cost Estimates” states, “Accurate cost estimating for transportation projects involves a wide
variety of factors, strategies, and challenges. Some of the costs of a transportation project
relate directly to environmental factors...,” including avoidance, mitigation, environmental
enhancements, and the costs of preparing environmental documents. To this end, NCHRP
25-25(39) undertook a study of methodologies to improve cost estimating for environmental
aspects of transportation projects, as a supplement to NCHRP Report 574 on general cost
estimating principles and practices. The NCHRP 25-25(39) research team was asked to
distinguish genres of environmental costs and to find out if and how Departments of
Transportation (DOTs) estimate environmental costs in planning, project development,
construction, and maintenance, to develop a guide of best practices. Early direction from
the panel was that this research should focus on costs related to direct, quantifiable
environmental costs and not attempt to include indirect external costs such as global climate
change, green house gas emissions, and mobile source air toxics.!

The research team approached the project by performing a literature search, mailing a
survey to DOTs to determine current practices, and following up with telephone interviews
of respondents and states otherwise identified as pioneers in environmental project cost
estimating. This document is a compilation of research into current practices, with a focus
on project cost estimates for programming and project management, to ensure that all costs
are captured and estimated. An earlier interim report, submitted in March 2008, provided a
broader and more detailed overview. The ultimate product of this study is a guidance
document, which is available separately.

1.2 The Importance of Cost Estimating at DOTs

Accurate estimation of project costs is essential for successful project delivery. The reliability
of project cost estimates at every stage in the project development process is necessary for
responsible fiscal management. Difficulties predicting and controlling costs generate many
problems and risks for DOTs. Impacts to financial accountability and accurate project
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scheduling are among the most serious. Projects may be delayed or cancelled when costs
unexpectedly exceed those planned. DOT management must deal with the disruption in
priority programs presented by cost increases and the fact that other projects have to be
delayed or removed in order to accommodate higher project costs.

Management needs information about events and factors that can influence and increase
costs, early in the project, in order to manage project budgets. Unreliable cost estimates can
generate severe problems in a DOT’s programming and budgeting, in local and regional
planning, and result in staffing and budgeting decisions that compromise the effective use
of resources. In turn, this affects the DOT’s relationship with the state’s Transportation
Commission, Legislature, local and regional agencies, and the public. When a cost estimate
falls short, a DOT’s credibility declines too. Cost escalation can cause the public to lose
confidence in the ability of transportation agencies to effectively perform their
responsibilities.

An example from the Virginia DOT (VDOT) underscores these points. According to the 2002
audit of the Springfield Interchange project in Northern Virginia, VDOT had to postpone or
cancel 166 projects because costs were underestimated on other projects.2 A 2001 Joint
Legislative Audit and Review Committee study found that VDOT tended to underestimate
construction costs significantly at each phase of project development.? This experience was
a key factor in VDOT developing national model systems for public accountability. Such
feedback and accountability provided dramatically improved internal information systems
and revised the DOT’s cost estimation process, and the results are reported through the
agency’s performance “dashboard.” Public and legislative confidence in the agency has
risen markedly, since these improvements.

1.3 Cost Estimation in a Challenging Environment

Estimating the cost of highway projects accurately and consistently early in their
development is a nationwide challenge, receiving the attention of an AASHTO Task Force
on Project Oversight and AASHTO’s Subcommittee on Design Cost Estimating. State DOTs
must formulate fiscally constrained plans 20 years into the future, in an environment in
which budgets, materials costs, and regulatory requirements and expectations are changing.
Unforeseen engineering complexities and constructability issues, changes in economic and
market conditions, local governmental and stakeholder pressures, and transformation of
community expectations can also impact and compromise the reliability of cost estimates.
Many of the latter issues have to do with the environment.

Keeping up with these changes requires good documentation of the assumptions embedded
in the estimates in the first place. Good documentation is the key to estimates that have
longevity because they are easier to update without starting from scratch, and it is easier to
identify and explain the elements causing the change.
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1.4 Defining Environmental Project Costs

1.4.1 Costs are defined by the Purpose of the Estimate

What counts as an environmental project cost, and what is relegated to other costs depends
on the purpose of the estimate. The purpose could be any of the following;:

e Estimate project costs for the purpose of programming a budget
e Manage project team performance once the project is underway

e Determine accountability for project costs during development and after project
completion

e Evaluate the cost of certain approaches to regulatory compliance with environmental
laws, and determining cost effectiveness

¢ Evaluate the reasonableness of cost proposals by consultants

Each of these purposes may define environmental project costs a little differently. The DOT
may choose to track certain cost data as environmental for project estimating purposes,
while using a different approach if asked to estimate costs for a one time study.
Consequently, an environmental cost is what the study purpose defines as an
environmental cost. A fixed set of universally recognized environmental costs does not exist
for transportation.

1.4.2 DOT Cost Estimating Stages

For the purpose of cost estimating discussions, it is necessary to identify the different phases
of project development usually carried out at a DOT; methods for cost estimating often vary
by the project development stage. Terminology for referring to development stages varies
between states. For the purposes of this study, the phases and common environmental
components are described and defined below.

e Planning— Pertains to system-level planning and project identification. Broad
environmental issues identified during the planning phase may include identification of
general or known environmental issues in the project area, establishment of the purpose
and need for the National Environmental Policy Act (NEPA) purposes, or preparing Tier
1 NEPA documents. The Safe, Accountable, Flexible, Efficient Transportation Equity
Act: a Legacy for Users (SAFETEA-LU) mandates that transportation plans include
potential mitigation activities and potential areas to carry out these activities. Once a
project is programmed in the Statewide Transportation Improvement Plan (STIP) for
funding, it is no longer in the planning stage.

e Project Development —Pertains to development of a specific project and is referred to as
preliminary engineering in some organizations. The project requires specific NEPA
documentation if federally funded. Final alternative selection is made during this phase.
For an environmental impact statement (EIS) project, this period extends to the signing
of the Record of Decision (ROD); for environmental assessments (EAs) the period
extends to the Finding of No Significant Impact (FONSI). Categorical Exclusion (CE)
projects may spend little time in this stage. The project development phase includes
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activities required by SAFETEA-LU for coordination, the development of environmental
impact analyses for all applicable disciplines, preparation and approval of the Draft EIS,
Final EIS, and ROD or the EA and FONS], as it may be, consultation for permits, and
preliminary development of the project design, including environmental mitigation.

¢ Final Design—Pertains to the preparation of final design plans and bid documents,
right-of-way (ROW) purchase, final determination of mitigation needs,
intergovernmental agreements regarding mitigation, final design of mitigation, and final
preparation or modification of permits. Archaeological recovery may be undertaken
during this period.

¢ Construction —Pertains to the post-bid construction of the roadway, and mitigation
such as wetlands or habitat replacement, noise abatement features, landscaping, moving
of cultural properties, and monitoring contractor environmental performance.

¢ Maintenance —Pertains to normal roadway maintenance activities that may require
environmental permits or other clearances, including Section 404 of the Clean Water Act
and stormwater management permits, a biological assessment if endangered species are
present, monitoring activities to guarantee wetlands performance, or maintenance of
permanent environmental features, such as wildlife crossings or water quality facilities.

1.4.3 Traditional Project Components to be Excluded

Some of the more traditional components of transportation projects, such as stormwater
drainage system components, may be considered environmental costs since elements of
contemporary stormwater systems are implemented to comply with environmental
regulations regarding water quality; however, stormwater is a good example of an element
that is also considered essential for basic transportation engineering purposes. Most DOTs
do not think of these components as environmental costs because stormwater conveyance is
a necessary element to avoid undermining the road itself and make the roadway work.
DOTs were controlling stormwater for decades before the Clean Water Act added such
requirements, with new emphasis on water quality and filtering runoff for treatment
purposes, not just to slow flow or encourage infiltration.

DOT cost characterization and estimating practices for elements such as water quality are
well established; they can readily estimate the cost of a stormwater management system,
and DOTs generally do not find it necessary to parse out what is environmental and
attributable to compliance requirements with individual (often overlapping) laws and
regulations. If engaged in a study of environmental costs related to water quality
protection, parsing the costs of design and construction of stormwater facilities between that
part of the system necessary for water conveyance, and that part necessary to filter water
may be necessary to understand the cost of compliance with the Clean Water Act. The same
would be true for sizing culverts for fish passage, designing erosion control plans,
controlling rock fall, and preventing landslides. Since the purpose of this study is to focus
on project cost estimates for programming and project management, “environmental” costs
traditionally included in transportation design will not be included as environmental costs,
as the normal estimates of design and construction of standard roadway features captures
those costs.
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Instead, the focus of this document is on environmental costs that are distinct from
commonly included components of the transportation facility, such as drainage.

1.4.4 Costs Characterized as Environmental Costs

Planning and Project Development Costs

This cost element includes activities carried out by staff and consultants trained in
environmental planning and regulatory compliance. Activities usually consist of technical
studies, consultations with regulating agencies, consultation with design staff, participation
in evaluation exercises, writing technical reports, mitigation planning and design,
negotiating agreements, production of permits, and the production and publication of
NEPA documents— EAs, EISs, and documentation for CEs. Other activities may include
environmental scoping for the purpose of work scope identification and issues
identification. Public and agency involvement are required in the development of the
purpose and need for the project and in development of project alternatives. These activities
may be more extensive on controversial projects and can be counted either as environmental
activities or as public involvement activities, depending on how the work is organized and
who performs it. For programming and project development, it is important to capture
these costs; less important is whether they are labeled environmental.

Environmental Mitigation Costs

Highway projects frequently result in mitigation that must be constructed or work that must
be performed as mitigation for impacts to the environment that is not strictly part of the
transportation facility; e.g. the soil on which the road is built and constructed. Commonly,
environmental mitigation is performed for wetlands, cultural, archaeological, and noise
impacts. These costs are included in the construction cost estimate and take place just prior
to or during construction, and are usually part of the construction bid. For example, when
transportation projects create unavoidable wetland impacts, other wetlands must be
enhanced, restored, created, or preserved. Wetland mitigation costs vary based on the type
of impact, cost of real estate, and the required replacement ratio. Retaining walls may be
added to the design to avoid a wetland or to minimize impacts. Wetland mitigation costs
typically include, but are not limited to:

e All items required to restore a wetland (i.e., excavation and embankment construction,
vegetation)

e ROW required for wetland mitigation (actual acquisition costs)
e Any items required as a condition of a Section 404 permit

e Removal of invasive plant species

e Revegetation

e Silt fence

e High visibility fencing

e Roadway retaining wall
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e Wetland earthwork

e Retaining wall used to avoid a wetland

e Annual monitoring, reporting and maintenance of the constructed or restored wetland
e Alternatively, purchase of credits from a wetland bank

Other mitigation efforts such as noise mitigation may require the installation of noise
abatement walls. Cultural mitigation may require special landscaping, moving a historic
property, or historic studies and recordation of a property that will be lost because of the
project.

All of the costs listed above are distinctly environmental costs. They are not activities
required just to make the roadway work or to avoid immediately undermining the
investment, as with drainage. The cost for most mitigation is relatively easy to estimate by
the time of bid letting. However, since some of the activities listed above may be subsumed
within the total of that type of activity on the project, environmental costs may not be
readily discernible from construction costs after the fact, or even during the bid, if not
separated out as bid items. For example, grading and excavation for the wetland may be
included in grading and excavation for the roadway and may not occur as a separate item.
The same is true for such items as silt fencing and revegetation. This may not matter if the
main purpose of the cost estimate is to come up with an appropriate overall project cost
estimate, but if the purpose is to monitor costs for program assessment, then it is important
to enable budgetary tracking of environmental costs throughout the process.

Cost of Avoidance

Some environmental regulations require that the protected resource first be avoided, then
impacts minimized, and finally mitigated, if impacts are not avoidable. Some see this as an
additional environmental cost. In such a case, avoidance would be defined as the cost of
the proposal that avoids the impact, minus the cost of the project, and include mitigation
costs of not avoiding the impact. This calculation may be made as alternative actions are
considered during project development. However, in determining expected project costs for
the purpose of project management, avoidance is almost never considered an environmental
cost. The roadway or road feature cost would be calculated in the same way as the rest of
the roadway in the project is calculated.

Environmental Costs During and Post-Construction

Permits or quality control plans during construction may require environmental staff
consultation or monitoring during construction and mitigation monitoring following
construction. States vary on how they account for post-construction monitoring costs. Some
wetlands mitigation banks require an endowed fund to cover future maintenance in
perpetuity; other states handle these costs as part of maintenance costs, and do not parse
them out as project environmental costs.
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2. Research Methodology

To address the issues raised regarding cost estimating, and in an attempt to find the best
practices to be included in the Guidance, the team performed a literature search and
contacted all state DOTs by email. Following the email survey, the research team conducted
in-depth telephone interviews of states that appeared the most promising.

2.1 Literature Review

The comprehensive literature review included a review of published research reports,
journal articles and conference publications. A list of material reviewed is contained in
Appendix A.

2.2 Survey of DOTs

The design of the survey document intended to capture key information concerning current
practices in managing DOT environmental cost estimating. All state DOTs, plus the District
of Columbia and Puerto Rico were asked about environmental cost estimating practices; the
survey is included in Appendix B. Utah, Florida, Montana, Illinois and Alabama responded
to the survey. Illinois and Alabama indicated that they did not estimate environmental
costs per se; an informal check indicated that this is also the case with other non-
respondents. The contact list is in Appendix C. States that do environmental estimates or
tracking were asked to send examples of environmental estimates and estimating
guidelines.

2.3 Telephone interviews

States that responded to the Email were contacted to verify the information and expand on
the issues therein. In addition, states that were listed in other studies and reports as having
experience in tracking and estimating environmental issues were contacted by phone and
interviewed. The research team conducted in-depth follow up interviews with Maryland,
Montana, Oregon, Washington, Utah, Pennsylvania, and Florida. Florida responded after
the survey was completed, so information contained in this report regarding Florida is from
previous research.
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3. Research Results

3.1 Literature Review

The literature review identified a number of existing studies with examples of costs that
DOTs use to develop cost estimates for environmental mitigation. Appendix C presents
recent sample costs from state DOTs. These include costs for noise walls, drainage and
stormwater control, vegetation establishment, and other areas.

While results and relevant points from our literature review are included throughout the
whole of this report, the following sections summarize the main studies.

3.1.1 Center for Transportation and the Environment 1997 Study

North Carolina State University's Center for Transportation and the Environment (CTE)
published a study in 1997 that assessed the costs of environmental compliance for highway
projects, including the NEPA process. FHWA's report on the Performance of Environmental
Streamlining concluded that the CTE study “...has probably been the most rigorous attempt
to quantify the impact of the NEPA process on highway project costs.” It specifically states,
“All past economic analyses of the costs of environmental regulations have completely
overlooked their impacts on the construction and repair of highways.” However, the FHWA
report also notes that state transportation department engineers have suggested in other
studies that the additional costs attributed to environmental compliance are at least 8 to 10
percent of the construction and repair expenditures for Federal Aid projects.”“4

CTE’s study involved a survey of environmental officials at 50 state DOTSs, from which 19
responses were received.5 The survey questionnaire requested a variety of information
regarding expenditures for Federal Aid and state projects involving either new construction
or repair, along with the percentage of the cost attributed to environmental compliance
activities. CTE found, as we did for NCHRP 25-25(39), that most survey respondents were
unable to provide the requested environmental compliance cost information and that the
survey response was considered to be too small to be statistically valid, and of limited use.

CTE’s study found that of those states that did keep records on staff time and compliance
costs, the additional costs were generally found to be less than 10 percent. By comparing
cost increases between 1990 and 1994 when wetland and water quality regulations were
being implemented, the researchers concluded that Section 404 permitting affected the cost
of highway projects, along with the number of National Priority hazardous waste sites, sites
on the National Register of Historic Places, the presence of threatened or endangered
species, and acres of farmland. Nevertheless, the study was not able to determine the full
extent of environmental compliance costs, and it noted the difficulty of isolating the costs of
the separate factors and regulations as percentages of the total for uniform application to all
projects.
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3.1.2 Washington State DOT Study of Mitigation Costs on 21 Projects

To date, WSDOT has conducted case studies on 21 highway projects (14 in 2003, 7 more in
2006), to illuminate the cost of mitigation for highway projects in Washington and whether
mitigation undertakings and costs were reasonable in relation to project objectives.c All of
the projects studied in 2006 were funded by the 2003 “nickel” gas tax increase.

WSDOT is considered to have some of the highest mitigation requirements in the nation,
due to the large number of threatened and endangered species, cultural resources related to
Native Americans, wetlands, and water quality issues. The 2003 investigation performed
case studies on fourteen projects with a total value of $427.44 million and found that 18.6
percent of the total cost of the projects was spent on mitigation.” In early 2006, case studies
on seven additional projects with a total value of $641.4 million, focused on urban projects
with generally higher mitigation costs, found 17.5 percent of the total cost of the projects
was spent on mitigation. 8 In the 2006 set, costs ranged from 1 percent to 24 percent of total
project costs. WSDOT’s breakdown of mitigation costs is as follows:?

Source: Washington State DOT Mitigation Cost Studies, 2003 and 2006, p. 6

2003 cases studies; 2006 cases studies;
balance of urban mostly urban
and rural projects mobility projects
_Smn'rmata'
T.B% Shormsatar
Maise T BA%
All Otha_r T 1.2% M |'[| ati[:]n All Cther
e et 18.0% . s Miigation
_I| A ‘Wetands 1 ? B 50};‘6
= 8
e T oo
10.0% B
Enginesring En%nsl:ﬁrg AT

11.7%

No clear pattern emerged for the scale of mitigation costs in relation to overall project size at
WSDOT; the location and setting of a specific project in relation to neighborhoods, streams,
and wetlands were much more critical factors, as might be expected; i.e., the richness of the
environment translated into increased costs to accommodate and preserve the resources.
Highway expansion in urban areas often required noise mitigation.

The mitigation feature costs represented in the report were total costs, and each of the
mitigation categories included:10

e Construction cost (actual cost from bid document or engineer’s estimate).

e Allocated share for state sales tax; generally estimated to be approximately 8 percent
added to overall construction contract amount.

¢ Right of way (actual acquisition cost).
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Allocated share of contractor’s mobilization; usually estimated to be approximately 10
percent of overall construction amount, for ease of computation.

Allocated share of WSDOT cost for construction engineering and administration added
an amount considered equal to 6 to 14 percent of the construction contract amount.

Allocated share of WSDOT Planning and Design added an amount ranging from 5 to 15
percent of the overall project costs.

3.1.3 Findings from a National Study of Environmental Costs on Six Projects

For a report to Congress, FHWA engaged a study of costs on six “typical” projects with
environmental impacts, ranging from the rehabilitation of a two-lane rural highway in
Montana, to the replacement of a major Interstate interchange in a rapidly growing suburb
of Seattle. The study included environmental work that resulted in two EISs, two EAs, and
two CEs. 1!

Environmental costs for the case study projects averaged about 8 percent of total project
costs, with a range from 2 percent (12300/12600 S, Utah) to 12 percent (US 113,
Maryland; Bob Creek Bridge, Oregon). These estimates do not include categories of costs
that the research was not able to address, including air quality assessment in planning,
environmental costs arising during facility operations and maintenance, and costs
specifically attributed to the use of Context Sensitive Solutions (CSS).

Environmental costs for projects that had an environmental component in planning,
environmental review, and the design phases averaged about 23 percent of the total
preconstruction phase cost of the project. The range was from 8 percent (U.S. 113,
Maryland) to 41 percent (Alexauken Bridge, New Jersey).

Construction costs are typically the largest element of total project cost (ranging from 65
to 80 percent in the case study projects). Environmental costs typically represent a small
percentage of construction costs, although the dollar amount for such work (land
purchase, mitigation construction, and special equipment) may be substantial. The case
study projects experienced environmental-related construction costs that averaged 4
percent of total construction costs for the projects, with a range of 1 percent ($640,040 for
12300/12600 S, Utah) to 13 percent ($18,223,080 for US 113, Maryland). Where mitigation
construction was required, the construction-related environmental costs constituted the
largest portion of the project’s total environmental costs.

For the small projects studied, environmental costs for preconstruction activities
outweighed environmental costs incurred during construction. The reverse was true for
larger projects.

Expenditures on stormwater management, landscaping, and wetlands during
construction are large environmental cost drivers. Those construction costs had a much
bigger impact on total project costs than staff and consultant time spent on the project
studies and design engineering.

Environmental mitigation related land acquisition costs vary among projects. Where
such acquisition is required, the costs can be significant.
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e Project design and construction changes to accommodate environmental concerns can
add costs, but such costs are difficult to identify, segregate, and measure.

3.2 Research Findings by Topic

The following is a compilation of information gathered from both the literature review and
the interviews by topic area.

3.2.1 Key Environmental Cost Estimating Issues for DOTS

There are many reasons why state DOTs question the benefits of tracking environmental
costs and why efforts to identify and track environmental costs are so limited: 12

¢ Insufficient labor and financial resources are available to develop, implement, and
maintain appropriate financial management information systems.

¢ Inconsistency among existing state financial management information system protocols
for breaking down project costs and coding them. The methods for collecting and
categorizing costs differ greatly from state to state.

e Separating environmental costs from non-environmental costs is quite difficult,
especially in the category of avoidance costs. Multiple project or program needs often
underlie particular expenditures of time or money and are difficult to separate.

e Reliable ways to identify the costs of “the path not taken” when design changes are
made or when other actions are taken or not taken for environmental reasons are
generally not available.

DOTs Regularly Estimate a Limited Set of Environmental Costs

DOTs regularly estimate a limited set of environmental costs, such as those outlined in
Appendix C. These include hydraulic/drainage/stormwater management, landscaping and
revegetation, and noise walls.

DOTs typically do not estimate costs during the planning, programming, or early project
development phase for impacts to natural and cultural resources and project changes
generated by these issues or impacts to low income or minority populations. Some states
apply a flat percentage to all projects, to help estimate costs for preparing environmental
documents. For example, Colorado DOT has estimated and allocated 2 percent of total
project costs for NEPA on major projects. Noise walls were the only mitigation for which
CDOT ever developed costs, in project development. CDOT does not estimate
environmental costs in planning, except for programmatic advance mitigation, as for species
and habitat in the eastern third of the state in CDOT’s interagency Shortgrass Prairie
Initiative. CDOT developed and utilized an innovative mechanism, a state-funded
revolving fund of $5 million, for the purposes of advance mitigation. Projects drawing on
the mitigation later reimburse the fund as they go to construction. One difficulty with such
a bank or revolving fund is that they can “tie up” revolving fund resources for a long period
of time, before the project is actually constructed and funds are available for re-use in
another “loan.”
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Cost Mingling

Many environmental costs are intertwined with those for design and construction. DOTs
often track costs separately for wetland mitigation and for erosion and sediment control unit
items but it is possible to isolate other environmental costs such as project development
costs for specific activities performed by environmental staff and consultants. The most
frequent example is bridges and culverts designed not only for water conveyance but also
for fish or wildlife passage.

Departmental Accounting Systems Are Not Set Up to Track Environmental Costs as Separate
ltems

Good cost estimating requires the feedback of actual cost tracking to perfect future
estimates. Most state financial management systems were not set up to capture cost data by
specific function such as environmental, particularly in the planning and project
development phases. Financial
management information systems that
could expand labor categories and be
reoriented or tailored to provide more
detailed cost categorization would require
an investment in labor and financial
resources to develop, implement, and
maintain the system. States are reluctant
to allocate this, in the face of other needs,
unless it becomes a part of a general up-
grade in the financial management system.
In addition, separating some
environmental costs from non-
environmental costs is quite difficult, as
one action may support multiple project or program needs.

Some States Are Upgrading Their Systems to Better Track Environmental Costs

Some states are altering or supplementing their accounting systems to environmental costs
more closely. For example, in 2005, the Kentucky Transportation Cabinet (KTC) introduced
22 new activity codes for use by environmental staff and a comparable set of 22 codes for
tracking consultant activity that are expected to improve the agency’s cost tracking
capabilities. MD State Highway Administration (MDSHA) tracks all staff time and
preconstruction consultant activities using the agency’s Financial Management Information
System. Elements of Oregon DOT’s cost tracking methodology include planning costs,
preliminary engineering/environmental costs, right-of-way costs, design costs, construction
costs and maintenance costs. Utah is now adding environmental aspects to their Project
Management system, ePM, which tracks the budget estimate, performance against the
budget, and collects actual labor through the timesheets of individuals.
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3.2.2 Issues Related to Environmental Costs Overrun

Project Management Factors That Influence Total Project Cost

In 2000, Reilly and Thompson’s survey of 1400 international projects found significant cost
and schedule overruns suggestive of poor management in at least 30 percent and likely
more than 50 percent of projects, though specific data were not reliable in that segment.
Their survey pointed to the following factors as the most common influences of project
success or failure with regard to cost overruns: 13

o Expertise, capability and policies of the owner

e Political changes in the middle of projects

e Poor decision making and lack of continuity

e Inappropriate contracting procedures

¢ Inadequate agreement about requirements and impacts
e Lack of understanding and control of external events

Likewise, in their December 2004 study, VDOT cited many reasons as to why final project
costs can exceed initial estimates. In some cases, project scoping is not sufficiently detailed
or potentially costly items such as traffic management devices, crossovers, turn lanes, and
others are added as time goes by. In other cases, unforeseen environmental issues arise that
require amelioration, or the methods used to estimate costs are incompletely or
inconsistently applied.”14

Other Factors Contributing to Environmental Cost Overruns

We find several of the above factors to be relevant in relation to environmental costs on
projects; however, of the factors above, the following may have the most connection to
environmental costs on transportation projects and point to possible improvements:

e Political changes. Political changes in the middle of a project often affect funding and
thus the scope of the project, which in turn may affect the anticipated environmental
issues, needs and mitigation.

e DOT policies. Many DOTs have internal policies and budgeting structures that limit the
amount of environmental analysis that occurs during planning and could minimize risk
later on. Funding for environmental analysis in planning typically comes out of the
state’s budget, whereas Federal Aid covers 80 percent of project environmental costs
during project development and construction. Additionally, resource agencies are
accustomed to permitting based on design-level detail, rather than consulting and
permitting where feasible in planning, with its attendant costs. Consequently, DOTs
tend to apply their greatest environmental effort and expenditure toward the end of the
process.

e Lack of continuity and disagreement about impacts and mitigation requirements. To
some extent, staff turnover issues lead to disagreement about environmental impacts
and requirements. Turnover often leads to loss of project knowledge, particularly on
large projects with lengthy schedules. If the turnover is in the regulatory agency ranks, it
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can lead to changes in expectations and requirements, adding six months to a year to
project development, resulting in cost overruns.

e DProject scope changes result in additional mitigation requirements. A study on the
cause of cost overruns at one of the most well known and expensive highway projects in
recent memory, Boston’s Central Artery or “Big Dig,” found that environmental costs,
particularly very significant mitigation requirements (new scope), were a contributing
factor in that project’s severe cost overruns.1>

e Lack of oversight. Recent analyses point to the lack of adequate oversight as a large
factor in cost overruns.16

¢ Inadequate agreement about requirements and impacts. Inadequate risk assessment is
another primary factor in cost overruns.l” Flyverberg’s team found that routine
underestimation of costs spans all continents, project types, and decades, concluded that
explanations such as -- unforeseen technical problems, accidents, optimism - are
unsubstantiated. “We also maintain that such risk can and should be accounted for in
forecasts of costs, but typically is not.” 18 Although not explicitly addressed, the
indication is that inadequate risk assessment and risk management apply equally to
environmental cost management.

3.2.3 Challenges to Environmental Cost Estimation

A 2006 FHWA report to Congress found that limited environmental cost data are available,
and that efforts to track environmental costs still are minimal. So, what are the challenges
that keep DOTs from moving ahead with environmental cost estimating and tracking?

Difficulty Assigning Costs to Some Environmental Resources

A common practice among estimators for getting early “ballpark” cost estimates for road
projects is to use a current cost per square foot or linear mile for the roadway or bridge
project contemplated. This method, called parametric cost estimation, relies on a
relationship of cost to the road feature. Whereas a roadway of X length and design generally
requires Y yards of materials, the same is not true of natural and social resources. There is
not a parametric formula for determining the number of acres of wetland mitigation needed
or artifacts recovered per mile of highway. Therefore, road features are not predictive of the
cost of environmental mitigation. Each project is unique in its collection of environmental
issues, and therefore requires trained environmental staff to spot likely issues and put a
price on them. This effort is likely more time consuming and requires more data than may
be required for the engineering estimate for the transportation project. Often, this effort
doesn’t occur at the early programming stage, when the project is first entered in the STIP,
so from the very inception, the project is underfunded.

Determining Which Costs Are Environmental

Determining which costs are environmental can be a primary challenge. As previously
discussed, while there is agreement that project wetland or habitat mitigation are
environmental costs, other costs that have historically been part of the engineered features
included with highways, e.g. ditches and drainage elements, are considered environmental
costs.
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Long Time Spans for Project Development and Mitigation Identification

Long time spans between project development and mitigation identification complicate
environmental cost estimation on projects, as numerous changes to the project scope and
schedule may occur. Collaborative processes for alternative identification, impact and
mitigation identification involve the public and other agencies. The direction of project
development is not always predictable. There may be public and agency requirements for
mitigation that the DOT did not foresee nor account for in the project cost estimate.

Uncertainty with Regard to Environmental Impacts, with Planning Level Data

While tools such as predictive habitat modeling, GIS, and environmental resource data
bases have greatly extended the ability to use planning level data to assess environmental
impacts, many factors that influence project environmental costs are undefined during the
early stages of planning and project development. For example, the nature of prospective
archaeological sites in the project area is usually unknown in the planning phase.
Subsequent studies will identify the existence, precise location, nature, and relative value of
sites during the NEPA process and preliminary design or not. In some cases, this
information won’t be known until construction. Similarly, the existence and location of
endangered plants may not be determined until far into the NEPA process. Potential cost
impacts are contained within results yet to be seen and decisions yet to be made, such as the
selection of the preferred alternative alignment, the resulting right-of-way impacts, and
environmental mitigation required for permits or compliance with environmental
regulations.

3.2.4 Attitudes Expressed Concerning Environmental Cost Estimating

“There Needs to be a Good Reason” to Expend More Effort Characterizing Environmental Costs

While DOTs sometimes voice concern about environmental requirements and the associated
costs, they also recognize that costs may be notably difficult to assign and monetize.

“”

In response to the question, —*Are there environmental elements within the planning-
development-construction-maintenance process for which you think costs can and should
be estimated or tracked, which are not, currently?” — DOTs generally answered “no.” One
clarified: “There would have to be a good reason to do something different than current
methods.”

These results are consistent with FHWA’s findings in a 2005-2006 study on costs of
environmental compliance.?

FHWA Case Studies Research found that many states question the benefits of tracking
environmental costs in light of the expense of such efforts. The research identified only
four states (Maryland, Montana, Oregon, and Washington) that currently have
experience with extensive cost tracking efforts in the environmental area. Our research
revealed that Utah recently added environmental labor costs to its project
development tracking system.

As part of the NCHRP 25-25(39) research effort, some DOTSs pointed out that more could be
done with existing collected information to estimate and track all project costs for each
specific work category. It was noted, “This would provide a mechanism to better manage
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costs, provide more accurate estimates and also receive credit for work completed
(especially important with environmental activities).”

Where DOTs Want to Devote Environmental Cost Estimating Effort: Mitigation Costs

DOTs are interested in better and earlier estimation of mitigation costs, such as those for
wetlands and habitat replacement. Lead DOTs and natural resource organizations have
begun to develop excellent methods to identify or project impacts, potential costs, and even
design and negotiate mitigation during the planning phase.

Other desirable environmental cost information includes preliminary engineering costs for
environmental studies. Florida DOT has made particular strides in this area; needed
environmental studies are identified through environmental screenings at the planning and
pre-programming phases, and the costs for such studies are estimated and included in the
work program or STIP.

Emerging Issues

Emerging environmental issues causing DOTs concern include air toxics, health effects, and
especially climate change. FHWA is tracking the extent and ways in which climate change
is being addressed in NEPA documents. AASHTO and lead states have begun to explore
and address anticipated DOT action in reducing carbon dioxide emissions. At this point,
the future cost of dealing with these topics is unknown and not readily estimated; however,
leading economists have concluded that the cost of inaction greatly exceeds the cost of
action.?0 In addition, AASHTO, FHWA and NCHRP efforts are underway to estimate the
cost-effectiveness of the classes of strategies that DOTs may undertake to reduce emissions.

3.2.4 Best Practices in Environmental Cost Estimating

The 25-25(39) research also uncovered a number of excellent and proven models, which are
assisting DOTSs in more accurately estimating environmental costs. The following sections
discuss these processes.

3.3 Processes for Cost Estimating

Sound project cost estimating processes have the following elements:

e Definition of the environmental cost categories

¢ Identification of environmental elements in the project being estimated
e Recordation and compilation of all project cost estimates

e Ability to adjust cost estimates for risk and uncertainty

e Recordation of actual costs as the project progresses

e A feedback loop to the project manager, and ideally to the team, on actual costs versus
estimated costs of a project

e Evaluation of final costs at the end of the project
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e Ability to adjust the estimating process for future projects

In addition to the above, cost estimating for special studies requires:

e Ready access to environmental cost data

e Data in a format that this interpretable as environmental cost data

The following section identifies practices in use that address one or more of the elements
above.

3.3.1 Defining a Good Cost Estimate

DOTs are finding that a good cost estimate involves integrated planning, a concept that
FHWA and progressive DOTs have been promoting for the past decade. Integrated
planning involves thorough review and joint consideration of the opportunities, factors, and
impacts suggested by the planning products of other entities. With SAFETEA-LU and the
emergence of integrated planning, there has been particular emphasis on utilizing existing
conservation plans and consulting with the entities that develop such plans.

WSDOT revamped the state’s estimating process, producing a trademarked approach they
call Cost Estimate Validation Process (CEVP).2t WSDOT’s recommendations for generating
a good cost estimate are highly relevant for better estimation of environmental costs; these

areas correspond to major areas of environmental guidance development the past several

years:
WSDOT Elements of a Good Cost
Estimate Sample Guidance Development — Environmental Aspects
1. Integrate planning, environmental, Integrated Planning and Planning Environmental Linkages
engineering and construction Resources, FHWA:
http://www.environment.fhwa.dot.gov/integ/resources.asp
AASHTO, Environmental Stewardship Practices, Procedures,
and Policies for Construction & Maintenance
2. Consider history (escalation) and Context Sensitive Solutions, Community Impact Assessment
local circumstances
3. Identify and characterize risk and Eco-Logical, federal interagency guidebook describing a
opportunity framework for making infrastructure projects more sensitive to
wildlife and ecosystems through more integrated planning,
new partnerships, and cooperative conservation
4. |dentify and quantify items that have Early consultation is widely recommended and now
a major affect, including SAFETEA-LU Section 6001 and 6002 requires certain
environment, right-of-way, elements and activities to be included in the development of
escalation, schedule, and phasing long-range transportation plans, including:

e Consultations with resource agencies, such as those
responsible for land-use management, natural resources,
environmental protection, conservation and historic
preservation, incl. comparisons of resource maps and
inventories

e Discussion of potential environmental mitigation activities

e Participation plans that identify a process for stakeholder
involvement

5. Consider and incorporate There is little in the way of environmental guidance; however,
uncertainty, variability and risk planning level environmental analysis has proven to reduce
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WSDOT Elements of a Good Cost
Estimate Sample Guidance Development — Environmental Aspects

risk related to environmental matters and changing agency
decisions in planning (e.g. FDOT Efficient Transportation
Decision Making Process)

WSDOT’s approach is notable in the degree to which risk is explicitly considered.

3.3.2 How DOTs are Tracking Environmental Costs

Very few states have performed in-depth studies of environmental costs. Those that have,
like Oregon DOT, have done so in a special and time-consuming effort mandated by a state
legislature. Oregon DOT does an environmental cost study for their state legislature every
other year, but no longer attempts to break environmental costs down by federal, state, and
local regulations or by discipline. Instead, the report is prepared by asking divisions and
crews what percent of their time is spent on environmental issues and using their best
professional judgment/recollection. Estimates can be made by crew, if assumptions used
are consistent across the group. When estimates are variable, a more in-depth listing occurs
of who does environmental work, and what percent of their time such work entails. Oregon
DOT has also found that for small projects (93 percent of projects), almost all ROW
acquisition is associated with environmental needs.

The following categories of data are likely to provide the primary sources of information on
environmental costs in most DOTs: 22

¢ Environmental work, commitment and workflow tracking systems. Caltrans,
Maryland, New York, Texas, Vermont, and Virginia have all developed electronic
systems supporting management and tracking of environmental work, across specialty
areas. Section 4 of this report will review some of these systems and elements that
contribute or may contribute to environmental cost tracking. For example, Washington
State has a system oriented toward environmental commitment tracking, but their
system does not track environmental labor or other costs. Future project management
system improvements scheduled for the agency may incorporate environmental labor
and other costs.

¢ Improved project management systems. Some DOTs are making major investments in
improved project management systems. WSDOT has invested nearly $15 million. Utah
DOT is developing an electronic project management (ePM) system using an Oracle
database platform, which will include about 25 environmental-related activity codes and
allow better tracking of staff time and consultant costs. The ePM provides information
on the planning, funding, scheduling and staffing of UDOT design projects. It will also
allow project managers to predict environmental costs (NEPA documentation and
permits) based on standard defaults for different types of activities. 23

e Mitigation estimation and tracking. Caltrans, Montana, North Carolina and
Washington have developed databases or other systems to project and track mitigation.

e Maintenance and asset management systems. DOT maintenance management systems
track labor for different categories of maintenance activities. A few DOTs have
developed special asset management systems for stormwater facilities. Maryland’s



system is the most extensive and well known, with a reliable rating system and
improvement approach that has thus far achieved a grade of “fully functional” on 90
percent of facilities. Oregon and Virginia are in the process of integrating their
culvert/stormwater/drainage feature management systems into wider asset
management systems and approaches.

¢ Financial information management system data. All state DOTs maintain agency-wide
electronic systems for managing financial information that are a potentially valuable
resource for tracking environmental costs. In 2005, the Kentucky Transportation Cabinet
(KTC) introduced 22 new activity codes for use by environmental staff and a comparable
set of 22 codes for tracking consultant activity that are expected to improve the agency’s
cost tracking capabilities.* Maryland SHA’s Financial Management Information System
tracks all staff time and preconstruction consultant activities.?> Many DOTs, however,
rely on antiquated mainframe-based computer programs to run their financial systems
and these are poorly set up to disaggregate environmental costs.

¢ Contractor and consultant contract records. DOTs may be able to gather considerable
amounts of information from consultant and contractor contracting records, but this
usually requires careful project-by-project scrutiny of documentation.

Oregon DOT developed detailed methodologies for measuring costs on a program level,
including costs for planning, preliminary engineering, environmental, right-of-way, design,
construction and maintenance.2¢ Systems to support environmental cost tracking in
development or in use in Oregon, South Dakota, Virginia, and Washington are discussed in
greater detail in section 4 of this report,

3.3.3 Identification of Environmental Issues

In order to estimate environmental costs, environmental elements of the project need to be
identified; however, such issues and factors are not always readily apparent and some topic
areas require research before the issues are revealed. Other issues arise as a product of
public involvement. DOTs that are trying to better predict environmental costs are
employing a variety of approaches to reveal environmental issues very early in project
conceptualization, when cost estimates are first made.

Washington State DOT Environmental Workbench

WSDOT maintains a GIS (Geographic Information System) “Environmental Workbench”
and other sources of environmental data used to identify and document potentially affected
environmental resources. WSDOT staff then use this information to identify opportunities
to avoid or minimize environmental impacts of any alternative transportation solutions
under consideration and potentially eliminate alternatives with unacceptable or greater
environmental consequences. For the statewide multi-modal transportation plan, state law
directs WSDOT to identify and document potential affected environmental resources in
coordination with relevant regulatory agencies, including local governments, and give the
agencies an opportunity to review the environmental resource documentation.
Documenting environmental information and analyses used in the planning process, and
environmental impact avoidance or minimization actions taken allows the information to be
used later to expedite environmental review and permitting during the design and
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environmental review, environmental permitting, and PS&E phases of the WSDOT
transportation decision-making process.

Florida’s Efficient Transportation Decision Making Process

At Florida DOT, a planning screen occurs in conjunction with the development of long-
range transportation plans, as part of the agency’s Efficient Transportation Decision Making
Process (ETDM). This initial screening of planned projects allows participants to review
project purpose and need statements and comment on the potential impact of projects to
environmental and community resources very early in the planning process. FDOT uses the
environmental screening tool (EST) to evaluate direct and indirect effects of proposed
projects. This opportunity enables planners to adjust project concepts to avoid or minimize
adverse effects, consider mitigation alternatives, and improve project cost estimates through
early consideration of environmental matters and decisions on needed studies.
Participating agencies evaluate cumulative effects to resources on a system-wide basis in
connection with the planning screen. The interrelationships between land use, ecosystem
management, community values, and mobility plans are considered through integrated
agency planning. Key recommendations and conclusions regarding potential project effects
are provided in the Planning Summary Report. This report provides information to help
planners stage transportation priorities in long-range transportation plans and is available
electronically to resource agencies and the public.

SAFETEA-LU

Through SAFETEA-LU, many of the activities previously considered good practice are now
mandatory measures to strengthen consideration of environmental issues and impacts
within the transportation planning process and to encourage the utilization of planning
products in the NEPA process. In addition, SAFETEA-LU requires certain coordination
with regulatory agencies that may affect the scope of environmental work. Notable among
the requirements, DOTs must consult with participating agencies on the methodology
required in the environmental studies. The definitions of the study area and method of
analysis can affect environmental costs.

Engaging the SAFETEA-LU coordination processes early in the project development process
can assist in gaining early agreement on the level of analysis required and help in making
cost estimates for environmental activities. For example, Oregon DOT formed a monthly
working group with regulatory agencies called the Collaborative Environmental
Transportation Agreement and Streamlining (CETAS), which regularly reviews projects.
The group developed a series of concurrence points for EIS projects, which it sometimes
applies to EA projects as well. Such groups, if working in a cooperative fashion, allow for
superior communication with regulatory agencies resulting in more agreement on analysis
methodology, appropriate mitigation, and fewer surprises mid-course in project
development, all of which leads to better cost estimation and cost control.

3.3.4 Identification of Mitigation Needs—Unique Approaches

Early identification of potential mitigation needs, particularly the large ticket items such as
wetland and habitat replacement, have generated a unique approach is some states. These

states employ a variety of processes to identify future mitigation needs early in the process,
and plan for mitigation that is more effective from both the cost standpoint and the habitat



standpoint. These processes offer an opportunity to improve cost estimation for mitigation
and make accurate estimates available earlier in the process.

North Carolina’s Ecosystem Enhancement Program

Wetland impacts used to be a major barrier to project implementation in North Carolina and
achievement of the state’s legislative objectives for extension of highway systems statewide.
NCDOT effectively surmounted this barrier with extensive interagency collaboration on
development of an advance mitigation planning process administered through the state’s
Ecosystem Enhancement Program (EEP).

NCDOT provides EEP an annual Project Impact Report of all anticipated wetland, buffer
and stream impacts by year for seven years into the future, for each 8-digit watershed.
Impacts are projected for each Transportation Improvement Program (TIP) project number
and/or NCDOT Division operations impacts by year. For anticipated wetland impacts,
NCDOT and EEP provide estimates in the following units: acres of riverine, non-riverine
and coastal marsh; for buffers, the units are square feet; and for streams, the units are linear
feet. This greatly streamlines the delineation process because no further wetland type
assessment is required. NCDOT submits quarterly updates throughout the year.

NCDOT makes their initial forecasts from vegetation and land cover data layers. When
information that is more detailed is available from technical reports in NEPA documents,
that data overrides the planning level estimates. By the minimization stage, approved
permit drawings are available and NCDOT further minimizes impacts. NC EEP mitigates
the remaining impacts according to the highest needs in each watershed and in conjunction
with the priorities determined by local communities.

WSDOT Transportation Project Mitigation Cost Screening Matrix

WSDOT developed a Transportation Project Mitigation Cost Screening Matrix or screening
tool to help transportation planners identify proposed projects that may benefit from the
application of watershed-based mitigation. It helps to:2

e Identify projects that may benefit economically or have improved project delivery by
using watershed-based mitigation.

e Identify projects that should have minimal environmental impacts or where mitigation
should be relatively uncomplicated and inexpensive.

e Give early warning about projects that may be financially, logistically, or
administratively difficult to mitigate.

e Allow timely development of other mitigation options such as low impact development
and watershed-based mitigation.

e Identify areas where multiple transportation projects could benefit from watershed
characterization.

The screening tool analyzes readily available data on urbanization, floodplain areas, soil
types, topography, wetlands, hazardous materials, parks and other cultural resources.
Projects that encounter these features commonly have the highest environmental mitigation
costs, especially for stormwater treatment and wetlands replacement. The tool generates a
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mitigation risk index (MRI) consisting of a single score that estimates the percentage of land
area within the project limits that will likely experience logistical difficulties or elevated
costs for environmental mitigation in the right-of-way.

Mitigation Planning and Cost Estimating at Caltrans

Caltrans contracted with the UC Davis, Information Center for the Environment (ICE) to
facilitate mitigation needs assessments and develop new methods to improve the ability to
do long-range planning for mitigation needs. The project includes long-range mitigation
plans and analysis, a mitigation project study, and updating and adding records to the
existing Caltrans BioMitigation database.

Using GIS and conservation planning approaches, Caltrans is developing a long-range (10-
year) mitigation needs summary and biological mitigation plans for each District/Region.
Elkhorn Slough, a partnership with the Nature Conservancy and other conservation
organizations, was the first pilot. The report includes a cost-benefit analysis of in-house
Caltrans biological map development (land cover and habitat classification data) and a
process for ongoing data analysis and strategic mitigation planning, including model
mitigation, conservation banks, and programmatic agreements to serve multiple
transportation projects. In conjunction with this, Caltrans funded an analysis of past
Caltrans mitigation projects to compare approaches and costs.

3.3.5 Cost Estimating Processes Prior to STIP Development

State DOTs” methods for producing preliminary cost estimates vary widely, especially in
consideration of environmental costs. For example, Indiana’s Cost Estimation Guidance
says with regard to environmental costs only that “expected environmental problems” such
as hazardous materials or wetland mitigation should be taken into account in cost
estimates.2? Ohio DOT provides a sample of what is included in a corridor level cost
estimate for the Appalachian Highway:2

e Erosion control/clearing/grading/drainage/minor structures
¢ Environmental mitigation
e Roadside improvements such as landscaping, and rest areas or overlooks

Utah and Oregon are among the states beginning to do pre-programming/scoping for
environmental aspects of projects through on-site visits by specialists. UDOT is on its
second pilot project for this approach.

Montana Department of Transportation (MDT) uses a tool that rigorously applies project
man-hours and duration for environmental staff, but this tool is used only for scheduling
the delivery of the project and not for cost estimates. Nevertheless, MDT uses such systems
as a source of data for environmental cost estimating. The current accounting system is not
set up to automatically capture and report environmental costs, and MDT has not explored
to see whether it could be easily adapted to capture costs, given the questionable value of
the data and difficulty dividing environmental costs from the required engineering costs to
accomplish the project.



Caltrans, Florida, Maine and Minnesota DOTs have more detailed processes, as described
below.

Caltrans Preliminary Environmental Analysis Report

The Preliminary Environmental Analysis Report (PEAR) provides the initial environmental
evaluation of a project and all feasible alternatives before Caltrans programs a project in the
STIP or State Highway Operation and Protection Program (SHOPP). The PEAR also
estimates the scope, schedule, and costs associated with completing environmental
compliance.

Because the environmental process can have substantial bearing on the project alternatives,
design, costs, schedule, and delivery, the PEAR must clearly present and discuss the results
of preliminary environmental studies in order to identify environmental constraints that
may affect design. The information contained in the PEAR serves as the foundation for the
environmental team to begin studies in the Project Report phase, facilitating early
consultation with federal and state resource agencies.

The PEAR Handbook - Guidelines for Preparation of the Preliminary Environmental
Analysis Report refers to several other documents. The Environmental Studies Request
Form records such things as:

¢ New alignment or a realignment

e Tree removals

e Work off the paved roadway

e Vegetation removal, trenches, grading or other ground disturbance
e Drainage work or work in channels or wet areas

e Structures are present on or adjacent to the proposed ROW,and whether additional
ROW is needed,

e Materials sites locations and quantities needed
e Publicly owned lands involved.

Caltrans’ Preliminary Environmental Analysis Report format requires a brief summary of
key environmental issues, required studies, permits, and mitigation for each practicable
alternative, including a time and cost estimate, and any constraints likely, such as
construction windows, biological monitoring, Native American consultation, monitoring,
and acquisition of Permits to Enter. An accompanying spreadsheet details the costs. Also
summarized for each practicable alternative are any special processes such as a NEPA /404
merger, seasonal constraints, Section 7, or Section 4(f) that may affect project delivery and
require unusual, exceptional, or extended environmental processes. The report describes
anticipated mitigation measures to reduce, minimize, or compensate for project impacts and
includes a cost estimate for each mitigation measure. Examples include:

e Fish & Game 1601 Agreement
e Coastal Development Permit

e State Lands Agreement
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e National Pollutant Discharge Elimination System (NPDES) Permit
e US Army Corps of Engineers (USACE) Section 404 Permit- Nationwide
e USACE 404 Permit- Individual

e USACE Section 10 Permit

e USACE Section 9 Permit

e Noise attenuation

e Special landscaping

e Archaeological

e Biological

e Historical

e Scenic resources

e Wetland/riparian costs are estimated to the nearest thousand dollars and include all
costs to complete the commitment including: 1) capital outlay and staff support; 2) cost
of right-of-way or easements; 3) long-term monitoring and reporting; and 4) any follow-
up maintenance.

The report also lists all required environmental technical reports or studies and is reviewed
and signed by the Environmental Office Chief and the Project Manager. A PEAR Support
Cost Matrix of environmental personnel and activities is included to assist in estimating.

Pre-Programming Cost Estimation in FDOT’s Efficient Transportation Decision Making Process

As previously discussed, Florida’s ETDM Process involves a Planning Screen and a
Programming Screen, and the latter occurs before projects are funded in the FDOT Five-
Year Work Program. Receipt of input about the potential affects to environmental and
community resources helps FDOT execute the scoping step for NEPA and other federal and
state environmental laws. Lead agencies decide on a NEPA class of action for each priority
project which is summarized along with potential project effects, preliminary project
concepts, reasonable project alternatives, and scoping recommendations.

If interagency participants on the Environmental Technical Advisory Team identify
potential dispute issues that are not resolved in the course of programming screen
discussions, a project is either not programmed or FDOT may initiate a dispute resolution
process to precede programming. Potential disputes may also be identified through the
public involvement process and require resolution prior to the project being advanced into
the design or construction phase of the Work Program. Needed environmental studies,
costs, and affects on a project’s timeline are all decided prior to programming, effectively
increasing the accuracy of the cost estimate.

Enhanced Scoping Processes at Maine and Minnesota DOTs

Better data collection and compilation of lessons learned are helping DOTSs to address some
of their major cost estimation challenges, especially those related to environmental matters.
The processes now incorporate the following steps:



e Describe the scope of solutions for all issues early in project development

¢ Evaluate the quality and completeness of early cost estimates

¢ Identify major areas of variability and uncertainty in project scope and costs

e Track cost impacts of design development that occurs between major cost estimates

e Cost control during project delivery starts with accurate cost projections

The goal of the project scoping process is to have a well-defined project with a reliable cost
estimate and delivery schedule before it appears in the STIP. This requires comprehensive
scoping of each project.. Maine and Minnesota DOTs are among those that developed
detailed scoping guidance or enhanced scoping processes. Scoping is receiving increased
attention because good scoping produces:

e Better cost estimates

e Alignment with performance goals

e Less rework

e DPredictable delivery schedule

e Greater public trust

e Improved coordination with partners

e Everybody on the team working toward the same goal

Early and comprehensive scoping before a project appears in the STIP, is characteristic of an
excellent process. The scoping process includes narrowing the number of projects to just a
few more than will likely be programmed. Mn/DOT assigns a project manager to guide
each project on the short list through scoping and project development and functional
groups provide written recommendations on what should be included in the scope of the
project. Scoping is completed within a specified timeframe. In order to utilize staff time
effectively, Mn/DOT bases the number of projects selected for detailed scoping on the size
of the program and the fiscally constrained District budget.

Documentation of the scoping process for each project is critical to avoid confusion
regarding the scope of the project, save time revisiting decisions, minimize tort liability, and
pass information on to those working on the project. Scoping may involve 5 to 10 percent
design completion on less complex projects and some safety projects or greater percent
design completion depending on project complexity. Complex projects may require up to
25 percent design.

Maine DOT's Enhanced Project Scoping Process documents a project's purpose and need
and provides a well-defined scope of work, cost and schedule. The goal is to reduce the
likelihood of conflict with communities and the public regarding project expectations and to
provide a basis to manage the project scope and cost throughout the project development
process. Maine applies scoping to a prioritized pool of projects contained in the Six-Year
Plan or to any other viable project being considered for advancement to the Work Plan.
Information relative to project purpose, existing physical and environmental conditions, as
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well as information derived through contacts with municipal officials and the public, are
collected by Planning and Project Development's multi-disciplinary project teams.
Minimum elements addressed in the scoping process include project purpose and need,
environmental conditions, statewide and regional considerations, municipal input, and
information on physical conditions, property ownership, and utilities.

Minnesota uses a revised scoping process to get a handle on design changes and to improve
overall cost estimation. To accentuate the importance of the scoping decisions, signatures
from district management are required on the project scoping report and scoping
amendments. To keep changes in check, Mn/DOT implemented a formal amendment
process for changes to the approved scope. In addition to documenting the change, the
scope amendment process evaluates the affect on the program and project delivery prior to
approval of the change. Mn/DOT saves all planning lists, the project planning report, early
notification memos, scoping worksheets, project scoping report, and scope amendments in
the Electronic Document Management System (EDMS). Mn/DOT’s process is depicted
below:

Project Planning Project Scoping Programming
*ldentify potential *Determine detailed
projects scope *Determine which
*Determine Need & *Determine cost projects to forward
Purpose estimate to ATP
*Determine which {0 ey *Byild schedule | *Prepare STIP
scope
{Huge List) l Assign Project Manager I STIP
v ¥
Select Candidate Projects L Scoping Worksheets J Prnﬁ:c‘t -
£ =i L D livery
I Project Scoping Report I
Select Projects to Scope (7 ¥
(Short List) [ =core Approval | LETTING

Timeline: Years from Letting
10+ 9 3 7 B 5 4 3 2 1 0

-+ L

mc | |

RC L1
BR

Safety

Preservation L1

Set-aside Projects (e.g. BARC) ]

LETTING

[] Project Planning [ ] Scoping [ ] Programming [ ] Project Delivery
Mn/DOT Scoping Guidance, 12/2006, www.dot.state.mn.us/tecsup/xyz/plu/hpdp/scoping/scoping-hpdp.pdf

Mn/DOT has also developed a number of tools to aid in the scoping process:



e Master Project Document List - a list of the documents used in the Mn/DOT scoping
process with space for adding links and completion dates to keep track of documents.

e Planning Lists/Spreadsheets - track needs, candidates and projects through the
planning process.

¢ Project Planning Report - a short summary of information gathered and decisions
made in the project planning process.

e Early Notification Memo - a memo and project summary to inform various offices of
the project and solicit input: HPDP Forms: Early Notification Memorandum

¢ Scoping Worksheets - worksheets for each functional group provide a list of the basic
things to consider when scoping a project and documenting the functional groups’
recommendations.

e Project Scoping Report - summarizes the scope (both what is in and what is not in the
scope).

e Scope Amendments - a form used to document the affects and approval of scope
changes.

e Project Modification Program Evaluation Document - a form used to document a
change to the program and determine the effects thereof.

Virginia DOT Cost Estimating System and Scoping Improvement Process

As part of their cost estimating improvement effort, VDOT found that one of the key
underlying issues was that VDOT did not have a consistent, documented, statewide
approach for developing project cost estimates early in the life of a project (i.e., at the
scoping stage).® Engineers tended to base early estimates on judgment, history, and
incomplete project information.3

In 2002, VDOT formed a committee to improve the project scoping process and develop an
appropriate scoping model for statewide use. The premise behind the committee’s
recommendations was that the more information planners have on a project at the early
stages, the better their estimates would be. In interviews, VDOT staff saw thorough and
well-documented project scoping as inextricably entwined with a project cost estimation
system. One VDOT District respondent expressed the need for intense and complete
scoping of each project as the only way to obtain a truly accurate (or at least the best
possible) estimate. In the opinion of the respondent, such scoping should involve full
participation from all professional disciplines and outside input from local political officials.
Another respondent mentioned the difficulty of estimating projects when each seems
unique.3?

VDOT’s Project Scoping Committee recommended raising the profile and importance of
scoping at VDOT. The recommendations included best practices for:

e The structure of the scoping team

e Preparation for the scoping meeting
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e Communication among staff

e Documentation of the process

e Definition and control of scope creep

e Re-scoping of projects when there are significant changes

VDOT’s improvement processes also benefited from good linkages between the Cost
Estimation Improvement Task Force and Project Scoping Committee. One member of the
project cost estimation task force, VDOT’s Fredericksburg District Location & Design
Engineer, joined the VDOT Project Scoping Committee as its co-chair. This person kept the
Cost Estimation Improvement Task Force continuously updated on the progress of the
Project Scoping Committee.

Members of the cost estimation task force, along with staff from VDOT’s IT Applications
Division, worked to help develop a new project development website as an intranet-based
repository that contains all information for every VDOT project. All information about a
project is available through the website. Estimates, plans, maps, documents, video, project
cross sections, the names of project contacts (and how to reach them) —anything that is
pertinent to the project —can be viewed on the site. The site is searchable by project number
and by district and displays detailed information about individual projects, such as location,
description, scope of work, project status, and project manager. An email feature enables
staff accessing the site to contact the project manager. All these features enable staff to access
critical information on any given project in a one-stop shopping format. Perhaps most
crucial, it enables VDOT to maintain, save, and eventually archive the history of every
project from cost estimates to environmental documents in one location.

Washington State DOT’s On-Line Scoping Forms

When a project is identified, WSDOT utilizes a series of on-line forms to document the
results of the project scoping process, when the scope (work and materials), schedule,
expected performance outcome, and budget of a project. The Environmental Review
Summary form, in particular, identifies the potential environmental issues and impacts, any
proposed mitigation, and any NEPA documents and environmental permits that are likely
to be required. When the lead federal agency approves an Environmental Review Summary
(ERS), it is changed to an Environmental Classification Summary (ECS) for NEPA purposes.

Early cost estimates are automatically updated as the project is better defined and design
decisions are made and entered in the summary forms. The user selects a variance that
reflects the user’s best estimate of the range of potential estimate variability for each phase.
Recognizing there are many exceptions to a standard estimate type, WSDOT provides the
following as a starting point:3?

Estimate Type - Typical Variance (+/-)
Preservation - Paving - 10%

Design Level - 20%

Pre-Environmental - 30%

Pre-Field Review - 50%



The goal of the new definition process is to reduce the variance to 10 percent or less before
the project is programmed, if possible. Products used to achieve this are:

e Project Definition Form
e Design Decisions Summary Form
¢ Environmental Review Summary Form

e Environmental Classification Summary Form

3.3.6 Estimating during the Transition from Planning to Project Development

Project planning cost estimates are used in the analysis of alternatives, approval, and for
programming. The initial programmed cost appears the first time a project is listed in the
STIP. Approval of the project by management allows the project to transition from the
project planning phase to the project design phase. The DOT knows the general project
features and can identify many contract items of work, particularly for NEPA CE projects. In
addition, the items of work identified and estimated during the project planning phase
should now be better defined as work that will be completed by the design staff,
environmental staff, other functional units, or by consultants.

Oregon DOT uses, a green book they call the “Frogger,” which lists average costs for
various sizes of efforts for environmental products. The Frogger is broken down into
concrete tasks such as the Preliminary Mitigation Plan, Wetlands Report, and Final
Mitigation Plan. Categories are in terms of low, medium, high, in dollars not hours, and
cost categories are updated using actual prices, determined by invoices over the year, and
averaged. Costs are determined separately by region (5 regions) since the rural nature of
some regions require much more travel and time to reach the project area for research. The
Frogger is used to generate good estimates for projects that will be put out for bid, and to
check hours and costs submitted by consultants for contract.

The project manager may ask the Region Environmental Coordinator or environmental
specialists on staff for cost estimates and they may conduct field visits for better estimates.
The estimates are prepared during scoping and applied during budgeting for the STIP. The
project manager submits the cost estimate with the prospectus for the project. The Region
Environmental Coordinator, who is part of a multi-disciplinary team that evaluates new
projects, estimates the environmental costs. Planning staff do not utilize the Frogger. As
projects move forward into the project development phase, estimates are updated using
professional judgment. When the project is at the mitigation design stage following
completion of preliminary engineering design, called DAP —Design Acceptance Point,
estimates are made for wetland replacement based on dollars/ acre and historic data. Each
region has a unique process. The region with the largest volume of projects is often the first
to try new approaches; Regions share approaches at cross-regional meetings.

Estimating Costs of the NEPA Process and Environmental Documentation

Few DOTs have established processes for estimating the costs of the NEPA process and
associated environmental documentation, outside of the application of a percentage of
project costs (e.g. Colorado DOT allocated 2 percent of construction costs for major projects).
At many DOTs, engineers make such estimates with little or no consultation with

3-22



NCHRP 25-25 (39) ESTIMATING ENVIRONMENTAL COSTS—BACKGROUND RESEARCH REPORT

environmental specialists, though environmental generalists and specialists are playing
increasing roles in some states, as reflected in this report. Utah DOT is making a particular
effort to get a handle on consultant hours for environmental work on projects, as detailed in
the section on project management systems.

Maryland SHA estimates person-hours for each task and compares that with consultants’
budget estimates. If the department’s estimates and consultant’s estimates are within 15
percent, the SHA can process the contract without further negotiation. MDSHA uses an
Excel spreadsheet developed in the environmental office, to estimate hours. The engineer
sends the Excel spreadsheet, using estimates based on professional judgment, to the contract
manager. The spreadsheet constitutes documentation for contract purposes. Due to time
constraints, MDSHA is not able to follow up on actual costs at the end of the project.
MDSHA considers successful consultant contract negotiation as the measure of success in
relation to the NEPA work.

Some DOTs have a more formal process, supported by environmental assessment and
calculation tools, as described with regard to Caltrans and Florida DOT. Delaware DOT
includes line items for estimating the costs of environmental studies in their capital
transportation project cost estimate form. Over the course of a seven-page form, Delaware
DOT requires a detailed summary of location and environmental studies costs, preliminary
engineering costs, real estate costs, and construction costs.

Some DOTs track the hours needed to complete environmental documents or document
review and the hours to complete specific environmental tasks such as a wetland
delineation or a Section 7 clearance memo (Utah is one such example). However, few DOTs
formally track and utilize cost information from environmental studies for formal use in
ongoing cost estimating though the prior costs of studies inform the best professional
judgment of those involved in project cost estimating.

NEPA Costs and Estimating Practices at Other Agencies

As part of this study, the research team contacted other federal agencies to ascertain
practices with regard to estimating, budgeting, and tracking costs of preparing NEPA
documents.

e FTA reported that they do not have NEPA cost estimate (or actual) data.3*

e The Department of Energy (DOE) tracks and reports its NEPA costs on a quarterly basis.
For example, for fourth quarter 2007, DOE reported that the median and average costs
for the preparation of two EAs for which cost data were applicable was $261,000.
Cumulatively, for the 12 months that ended September 30, 2007, the median cost for the
preparation of 14 EAs for which cost data were applicable was $90,000; the average was
$168,000.35 Median completion time was 14 months and the average was 22 months. EISs
for the previous 12 months took 17 months and cost $2.5 million on average. 36

3.3.7 Estimating Costs of Context Sensitive Solutions, Value Engineering and
Other Processes

Frequently, questions arise about the cost of context sensitive solutions (CSS), with the
implication that this process costs more than a traditional process. Some professionals think



that CSS is about aesthetic treatments or bike/pedestrian accommodations and thus believe
CSS is about adding cost or resolving project issues through “giveaways” to stakeholder
groups. Rather, CSS is a process for building consensus with the public throughout project
delivery from planning through construction and maintenance to ensure the transportation
solution advances community goals and enhances the quality of life in addition to
addressing the transportation problem. While the CSS process does not generate a very
different project in some cases, other times the process may generate different solutions for
the road feature itself, enhancements in the community associated with the transportation
feature, or innovative ways to treat environmental mitigation required because of project
impacts. Many times, solutions identified through the CSS process result in a net savings
for the project, particularly on larger or controversial projects.

Value Engineering (VE) can produce unexpected results. However, since VE has as its goal
to achieve equal value at reduced cost, the Project Manager can usually expect costs to
decrease. The cost of doing a VE study is usually predictable; however, the cost of the
feature subject to VE analysis may not be. VE studies do produce estimates of cost as a
central theme of the study, so these costs are subject to the best estimates, though they may
occur late in the process and require a budget amendment.

Cost estimating for the outcome of either of these processes is difficult at the early stages of
the project. Acquiring knowledge of community issues prior to programming the project is
the best insurance for an adequate estimate. Large projects that will require significant
public collaboration may call for contingency funds and skilled leadership of the public
involvement process to estimate project budgets and then to stay within the budget. CSS
and VE are a powerful combination, as described below. In the quotes from state DOTs, it is
apparent that CSS and VE can lead to downsizing projects as well as adding features,
making it difficult to estimate ultimate costs of using the processes. In such cases, estimating
may require a structure that has openings for estimate adjustments, particularly if the costs
go up, rather than down. The DOT also may take the view that the solution must be subject
to the cost control of the budget, and all proposed solutions must fit within that proposed
project budget, or else others must fund additional costs. MoDOT has taken steps toward
the latter, as part of the state’s “practical design” cost savings approach.

3.3.8 Desirable Elements of a Cost Estimating System
A fully integrated system of cost estimating requires the following;:
e A defined and documented estimating process used throughout the agency

e A thorough understanding by estimators of the process and how it relates to project
management

¢ A method for early identification of environmental issues and likely mitigation needs
¢ A method for evaluating the project to determine work required to deliver the project
e C(lear establishment of the work scope of the project being estimated

e Estimators knowledgeable in requirements of the work scope being estimated

e Agreement on work scope and estimates with staff performing the work
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¢ Knowledge by working staff of performance targets to maintain the budget
e Recordation of timecard feedback to the system

e Procedure for gathering cost data, post completion, for analysis to determine the
accuracy of estimates

e Data from actual performance routinely cycled back into the estimates for subsequent
projects

e Compilation of construction cost data based on whether the item is environmental
mitigation

e Development of cost estimating procedures for built mitigation features
¢ Distinction of environmental features during the engineer’s estimate

e Use of such data in the next round of project cost estimates during programming

3.3.8 Current Leaders in Cost Estimating

The research team did not find an example within the DOT responses or within the
literature research where all of these conditions are met. The ePM system used by Utah
comes closest to the ideal. Several DOTs use elements of this process without being part of
an agency-wide system. Several states have parts of a system that they are working toward
broadening into an integrated system; Caltrans, FDOT, and WSDOT are notable among
these. Some states (likely many) have individuals that have improved cost estimating for
their sections through the individual effort of compiling data and sharing it within their
own work groups to improve estimating. Oregon DOT, Maryland SHA, and Virginia DOT
are key examples of where individuals, a small working group, or even a division has made
improvements that benefit the agency in cost estimating.






4. Conclusions and Recommendations

4.1 Need for Clearer Understanding of Purpose for Determining
Environmental Costs

Project management cost estimates need to capture all the costs of the project while avoiding
either double counting on the one hand or failing to count costs on the other. To this end, a
project estimate is not concerned with the fact that a designed feature, such as a culvert, will
serve two purposes —water conveyance and fish passage. The only concern is the cost of the
effort and that the product meets project requirements. The design engineer can estimate the
cost of design and construction and the biologist can estimate cost of the permit acquisition
and study of fish impacts. Together, the estimates represent the total project costs for the
culvert with fish passage capability. The project manager is not concerned that the culvert
co-mingles road and environmental aspects; however, it is important that the project
manager understand that fish passage will be required in the culvert, so that the estimate for
the design and construction of the culvert is appropriate.

On the other hand, if the DOT has undertaken to determine the cost of constructing fish
passages, then the agency would need to examine the cost of the biologist, the cost of the
fish passage aspects of the culvert, and determine the portion of the designer’s time spent on
the fish passage design. Since these sorts of studies are undertaken only rarely, it is not
usually worth the effort for the DOT to evaluate such divisions of effort on a regular basis.
Decisions and methodologies for making such distinctions will be highly dependent on the
intent and purpose of the study at hand. The methodology for determining the cost
divisions of co-mingled products should be devised and well defined within the study.

4.2 Need for a Sound Basis for Cost Estimating

The number of negative responses on the survey and the lack of knowledge by senior
environmental staff of how their agency performs cost estimating revealed that there are
few effective processes for environmental cost estimating within the DOTs. Many states use
a unit price for estimating costs of the project to be included in the STIP. Unit pricing
expresses total costs per unit of finished product, such as dollars per lane/mile. To this,
DOTs add a standard percent of project construction costs to cover all pre-construction
activities including planning, environmental clearance, and design.

Unit price estimates, while standard in construction estimating, are ineffective in estimating
environmental project costs, since environmental costs do not vary based on the lane/miles
of road roadway to be constructed. In addition, the actual cost of project development
relative to the cost of construction varies so widely even on small projects that it is
inadequately predictive of project development costs and environmental costs as well.
Furthermore, mitigation requirements vary widely from project to project and can be a
sizeable portion of the construction cost on small projects. Better project and program cost
control is therefore reliant on better cost estimating techniques for the project development
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phase, in general. Usually bottom-up cost estimating yields a better result for
environmental activities.

Bottom-up estimating starts with a list of all activities to complete the project (scope of
work). Personnel are assigned to the tasks (organization breakdown structure) and then
hours of effort required are assigned to each person for each task. All hours are multiplied
by the rate of pay of each participant. Other expenses include travel, equipment, and other
services required to complete the task. Together, this produces the cost estimate for that
task. There are additional project-specific nuances, but even this basic calculation will give a
more reliable estimate than a percent of construction cost.

Good estimates rely on a reasonable knowledge of the amount of effort required to
accomplish a task. This is the most difficult part of the estimating task. A review of existing
databases for the level of effort for work performed on previous projects gives the estimator
a good starting point for predicting future work. All estimating systems benefit from a
feedback loop. Building better project cost estimates, including environmental cost
estimates, requires better training in cost estimating for all staff involved and requires more
involvement of environmental staff in the process.

Project cost estimates exist within overall project management processes and techniques. All
estimators should be trained in overall project management processes in order to have a
context for understanding the importance and role of cost estimating and cost control.
Project team members with a broad understanding of the project manager’s role are most
likely to be supportive. They are also more likely to understand the need for better cost
estimates and be willing to contribute to the improvement of estimating processes.

4.3 Agency-Wide Systems—Limitations and Opportunities

The research team did not find any completely integrated agency-wide systems, but several
states are working toward that goal incrementally. Utah has implemented a system called
ePM. Caltrans has a defined process for doing project cost estimates, with update periods,
and regular intervals of evaluation. Florida has an automated system for identifying
environmental issues early so clearances occur in a timely fashion and costs and needed
studies may be identified early. Several states rely on spreadsheets compiled within a work
unit. These may be as effective or more effective in determining costs but they lack the
convenience of automated cost gathering, as well as the efficiencies and cost effectiveness of
data sharing throughout the agency.

Conversion to agency-wide systems is limited by lack of funds, lack of interest in or
perceived need for changing systems, and the complications of introducing new systems
into existing systems. Given these obstacles, it is recommended that the practitioner make
what improvements can be made at a staff level, and pursue system improvements through
participation with other managers as the opportunity arises, building coalitions for larger
change efforts. The first step in cost estimate improvement is to gain a thorough
understanding of cost estimating and project management principles. The next step is to
acquire data on performance at the individual or section level. These data will be useful in
many ways, even if the opportunity to participate in the estimating process does not
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currently exist. Just knowing one’s own rate of production on a product can be a step
toward improved future cost estimates.

4.4 Cost Data is a Powerful but Untapped Tool

Most DOTs routinely collect data on construction costs so that they can make reasonable
engineer’s estimates prior to bid, but they do not do the same for services provided by
environmental professionals, or for costs related to built mitigation. Gathering
environmental cost data may mean working across planning and development,
construction, and maintenance divisions within the DOT. Each of these entities may have
their own cost tracking systems, set up for their immediate purpose.

A wealth of data exists within these systems regarding environmental costs, but it takes
determination to find it and interpret it. At the end of the day, the DOT accounts for all costs
expended for a project within the cost accounting system, including all environmental costs.
The challenge is to separate them from other costs, then to use the data effectively to predict
and manage future costs. With a concerted effort, the DOT can identify environmental costs.
However, in order for the DOT to commit the resources to accomplish agency-wide
environmental cost identification, there needs to be a reason to do so.

4.5 Finding a Reason to do Environmental Cost Estimating

Embedded in the survey “No” responses, comments about lack of resources, and the
frustration over how to do environmental cost estimating are DOT managers” assessments
of the effort that would be required and realizations regarding current staffing limitations.
Such limitations combine to make environmental cost estimating a relatively low priority in
their agencies.

There are many reasons why good estimates are critical to sound project and program
management. Among them are:

e Ability to track, manage, and correct performance during the development of a project
e Ability to identify process problem areas, and to measure the effectiveness of corrections
e Ability to value-engineer solutions to environmental mitigation

e Ability to determine cost effectiveness of environmental programs, processes, and
solutions after construction

e Ability to gain credibility for the environmental program
These reasons apply as well to the overall project delivery system at the DOT.

Even if environmental costs are only estimated at the individual or section level, these data
can be used for the following:

e Individual or section performance tracking and assessment

e Program and process assessment
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e Workload projection, workload leveling, and to support requests for additional labor, or
redeployment of labor

Good cost estimation and good cost control are fundamental to the management of any
agency and vital to DOTs in a period of declining funds, increasing transportation demand,
and public resistance to tax increases to fund transportation projects. Earning the respect of
the public so they are willing to support increased funding will require gaining the skills of
cost estimation and cost management to improve public credibility.

Cost estimating and cost control will become of increasing importance in DOTs.
Environmental managers and staff need to be in the position to participate effectively when
that time arrives.
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APPENDIX B

Survey

NCHRP 25-25(39) Improving Environmental Project Cost
Estimates

The Transportation Research Board (TRB) is conducting research on improving
environmental cost estimating for transportation projects for AASHTO, as part of the
National Cooperative Highway Research Program. ICF International is conducting this
research under contract to TRB. The goal of this effort is to identify sound practices for
estimating and documenting environmental costs. The project will develop guidelines on
improved environmental cost estimating methodologies for transportation projects.

In order for the environmental cost estimating guidelines to reflect the latest experience and
the most complete perspective, as well as to provide guidelines that are implementable and
practical, your colleagues need your input. Please forward the questionnaire to the
appropriate people involved in estimating environmental costs at your agency, from
planning through maintenance. Thank you for your participation! Please send survey by
February 15, 2008 to mvenner@icfi.com or 9947 W Oregon Place, Denver, CO 80232.

Your Name, Title, Phone, Email:

1. Does your agency estimate “environmental” costs of projects? Y/N
If applicable, please describe what environmental costs this includes, does not include,
or is limited to during;:

Planning -

Project Development -
Design -

Construction -

Maintenance -

2. If the costs are collected, are they distinguished as environmental costs? Or are they
co-mingled with other activities?
If co-mingled, would you be able to separate them out as “environmental costs” if asked
to do so?
Please explain why/why not, obstacles, etc. including why you/your agency may think
it is important or unnecessary to do so.

3. What type of environmental risk assessment/planning does your agency do? (Please

attach descriptive information, if available, in addition to a couple sentences here).
Are costs attached to these risks?
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Who would be the best contact in your agency to get a list of environmental risk areas
considered in your risk planning?

Are there environmental elements within the planning-development-construction-
maintenance process for which you think costs can and should be estimated or
tracked, which are not, currently? If so, please describe.

Contacts for environmental cost estimating by phase. Who would be the best contacts
(name, position, phone, email) at your agency to learn more about how costs are
estimated and tracked in

Planning -

Project Development -
Design -
Construction -

Maintenance -

Does your agency collect information on and/or categorize actual environmental costs
incurred? Please indicate Y/N and describe how this information is used, if you know,
during;:

Planning - Y/N. How used:

Project Development - Y/N How used:
Design - Y/N How used:
Construction - Y/N How used:

Maintenance - Y/N How used:

If you are estimating and/or collecting “environmental” costs, what methods or
software/information systems are used in each phase?
Planning -

Project Development -
Design -
Construction -

Maintenance -

What problems have you encountered with current environmental cost estimating and
cost tracking methods?

Do you have opinions about the gaps and deficiencies in current methods used in
your organization?
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10. What are some of the broader issues in your state that you see influencing DOTSs’
needs to estimate and track project environmental costs, in the future?

Finally, please send the research team copies of any of the following that you/your agency

use. Attn: Ralph Ellis, PE, PhD., University of Florida Engineering Department, Gainesville,

Florida, 32611-6580.

Any environmental cost estimating guidance your agency uses or has developed
Environmental cost data references used by your agency

Representative environmental cost estimates

Reports generated from these data
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APPENDIX C

States Contacted for Survey

Alabama
Don T. Arkle, (334) 242-6164
Email: arkled@dot.state.al.us
1409 Coliseum Boulevard
Montgomery, AL 36110
Fax: (334) 269-0826

Alaska
Bill Ballard, (907) 465-6954
Email: bill.ballard@alaska.gov
3132 Channel Drive, Room 105
Juneau, AK 99801
Fax: (907) 465-5240

Arizona
Tammy J. Flaitz (602) 712-8638
Email: tflaitz@dot.state.az.us
205 South 17th Avenue, Mail Drop 619E
Phoenix, AZ 85007
Fax: (602) 712-3066

Arkansas
Scott Bennett, (501) 569-2241
Email:
scott.bennett@arkansashighways.com
P.O. Box 2261, 10324 Interstate 30
Little Rock, AR 72203
Fax: (501) 569-2688

California
Jay Norvell, (916) 653-7136
Email: jay_norvell@dot.ca.gov
P.O. Box 942874, 1120 N Street, MS 28
Sacramento, CA 94274
Fax: (916) 654-5881

Colorado
Brad Beckham, (303) 757-9630
Email: brad.beckham@dot.state.co.us
1325 S. Colorado Boulevard, Building B
Denver, CO 80222
Fax: (303) 757-9445

Connecticut
Edgar T. Hurle, (860) 594-2920
Email: edgar.hurle@po.state.ct.us

P.O. Box 317546 / 2800 Berlin Turnpike
Newington, CT 06131
Fax: (860) 594-3028

Delaware
Terry Fulmer, (302) 760-2280
Email: terry.fulmer@state.de.us
P.O. Box 778 Bay Road, Route 113
Dover, DE 19903
Fax: (302) 739-8282

District of Columbia
Maurice Keys, (202) 671-0497
Email: maurice keys@dc.gov
2000 14th Street, NW, 7th Floor
Washington DC 20009
Fax: (202) 671-0617

Florida
Carolyn Ismart, (850) 414-5209
Email: Carolyn.ismart@dot.state.fl.us
605 Suwannee Street, MS 37
Tallahassee, FL 32399
Fax: (850) 414-4443

Georgia
Glenn Bowman, (404) 699-4401
Email: glenn.bowman@dot.state.ga.us
3993 Aviation Circle, NE
Atlanta, GA 30336
Fax: (404) 699-4402

Hawaii
Ronald Tsuzuki, (808) 587-1830
Email: Ronald.tsuzuki@hawaii.gov
869 Punchbowl Street
Honolulu, HI 96813
Fax: (808) 587-1787
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Idaho
Dennis Clark, (208) 334-8203
Email: dennis.clark@itd.idaho.gov
P.O. Box 7129
Boise, ID 83707
Fax: (208) 334-8025

Illinois
Barbara H. Stevens, (217) 785-4245
Email: stevensbh@dot.il.gov
2300 S. Dirksen Parkway
Springfield, IL 62764
Fax: (217) 524-9356

Indiana
Michelle Allen, (317) 232-5135
Email: mballen@indot.in.gov
100 N. Senate Avenue, Room N642
Indianapolis, IN 46227
Fax: (317) 233-4929

Iowa
Jim Rost, (515) 239-1225
Email: jrost@dot.state.ia.us
800 Lincoln Way
Ames, IA 50010

Kansas
Scott Vogel, (785) 296-0853
Email: vogel@ksdot.org
700 SW Harrison
Topeka, KS 66603

Kentucky
David Waldner, P.E., (502) 564-7250
Email: david.waldner@ky.gov
125 Holmes Street
Frankfurt, KY 40601
Fax: (502) 564-5655

Louisiana
Eric Kalivoda (225) 379-1248
Email:Erickalivoda@dotd.louisiana.gov
P.O. Box 94245
Baton Rouge, LA 70804
Fax: (225) 379-4552
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Maine
Judy C. Gates, (207) 624-3100
Email: Judy.Gates@maine.gov
16 State House Station
Augusta, ME 04333
Fax: (207) 624-3101

Maryland
Bruce Grey, (410) 545-8540
Email: begrey@sha.state.md.us
707 North Calvert Street
Baltimore, MD 21202
Fax: (410) 209-5004

Massachusetts
Kevin M. Walsh, (617) 973-7484
Email: Kevin.Walsh@MHD.state.ma.us
10 Park Plaza Room 4260
Boston, MA 02116
Fax: (617) 973-8879

Michigan
Margaret Barondess, (517) 335-2621
Email: barondessm@michigan.gov
P.O. Box 30050
Lansing, MI 48909
Fax: (517) 373-9255

Minnesota
Frank Pafko, (651) 366-3602
Email: frank.pafko@dot.state.mn.us
395 John Ireland Boulevard
St. Paul, MN 55155
Fax: (651) 284-3754

Mississippi
E. Clairborne Barnwell, (601) 359-7920
Email: cbarnwell@mdot.state.ms.us
P.O. Box 1850
Jackson, MS 39215
Fax: (601) 359-7355

Missouri
Gayle Unruh, (573) 526-6676
Email: gayle.unruh@modot.mo.gov
P.O. Box 270
Jefferson City, MO 65102
Fax: (573) 522-1973
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Montana
Tom Martin, (406) 444-0879
Email: tomartin@mt.gov
2701 Prospect Avenue
PO Box 201001
Helena, MT 59620
Fax: (406) 444-7245

Nebraska
Randall D. Peters P.E., (402) 479-4795
Email: peters@dor.state.ne.us
P.O. Box 94759
Lincoln, NE 68509
Fax: (402) 479-3629

Nevada
Daryl James, (775) 888-7013
Email: djames@dot.state.nv.us
1263 South Stewart Street
Carson City, NV 89712
Fax: (775) 888-7103

New Hampshire
Bill Hauser, (603) 271-3226
Email: bhauser@dot.state.nh.us
P.O. Box 483
Concord, NH 03302
Fax: (603) 271-2653

New Jersey
Elkins Green, Jr., (609) 530-2998
Email: elkins.green@dot.state.nj.us
P.O. Box 600
Trenton, NJ 08625
Fax: (609) 530-3767

New Mexico
Kathryn Kretz, (505) 827-0705
Email: Kathryn. Kretz@state.nm.us
P.O. Box 1149, Room 210
Santa Fe, NM 87504-1149
Fax: (505) 827-5242

New York
Mary lIvey, (518) 457-4053
Email: mivey@gw.dot.state.ny.us
1223 Washington Avenue
Albany, NY 12232

North Carolina

Greg Thorpe, (919) 733-3141
Email: gthorpe@dot.state.nc.us
P.O. Box 25201

Raleigh, NC 27611

Fax: (919) 733-9150

North Dakota

Ohio

Ron Henke, (701) 328-4445
Email: rhenke@nd.gov

608 East Boulevard Avenue
Bismarck, ND 58505-0700
Fax: (701) 328-0310

Tim Hill, (614) 466-7100

Email: tim.hill@dot.state.oh.us
1980 West Broad Street, 3rd Floor
Columbus, OH 43223

Fax: (614) 728-7368

Oklahoma

Oregon

Dawn R. Sullivan, (405) 521-2927
Email: dsullivan@odot.org

200 N.E. 21st Street

Oklahoma City, OK 73105

Fax: (405) 521-6917

Hal Gard, (503) 986-3508

Email: howard.a.gard@odot.state.or.us
1158 Chemeketa Street, N.E.

Salem, OR 97301

Fax: (503) 986-3524

Pennsylvania

Charles J. Campbell, (717) 772-2563
Email: chacampbell@state.pa.us
400 North Street

Harrisburg, PA 17120

Puerto Rico

Irma Garcia-Gonzalez, (787) 729-1580
Email: igarcia@act.dtop.gov.pr

P.O. Box 42007

San Juan, PR 00940

Fax: (787) 727-5503
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Rhode Island

Sharon Stone, (401) 222-2481
Email: sstone@dot.ri.gov

2 Capitol Hill, Room 226
Providence, RI 02903

Fax: (401) 222-2086

South Carolina

Wayne Hall, (803) 737-1872
Email: halljw@scdot.org
P.O. Box 191

Columbia, SC 29202

Fax: (803) 737-1394

South Dakota

Dave Graves, (605) 773-5727

Email: dave.greves@state.sd.us

700 East Broadway Avenue, Room 121
Pierre, SD 57501

Fax: (605) 773-6608

Tennessee

Texas

Utah

Doug Delaney, (615) 741-2612

Email: doug.delaney@state.tn.us

700 James K. Polk Building, Fifth and
Deaderick

Nashville, TN 37243

Fax: (615) 741-2508

Dianna Noble, (512) 416-2734
Email: dnoble@dot.state.tx.us
125 East 11th Street

Austin, TX 78701

Fax: (512) 416-2746

Shane Marshall, (801) 965-4384
Email: smarshall@utah.gov
4501 South 2700 West

Salt Lake City, UT 84119

Fax: (801) 965-4564

Vermont
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John Narowski, (802) 828-5265
Email: john.narowski@state.vt.us
National Life Building, Drawer 33
Montpelier, VT 05633

Fax: (802) 828-2334

Virginia
Earl Robb, (804) 786-4559
Email: robb_et@vdot.state.va.us
1401 East Broad Street
Richmond, VA 23219
Fax: (804) 786-7401

Washington
Megan White, (360) 705-7480
Email: whitem@wsdot.wa.gov
P.O. Box 47331
Olympia, WA 98504
Fax: (360) 705-6833

West Virginia
Ben Hark, (304) 558-9670
Email: bhark@dot.state.wv.us
1900 Kanawha Boulevard East, Building
5
Charleston, WV 25305
Fax: (304) 558-1004

Wisconsin
Dan Scudder, (608) 267-3615
Email: dan.scudder@dot.state.wi.us
P.O. Box 7965
Madison, WI 53707
Fax: (608) 266-7818

Wyoming
Timothy Stark, P.E., (307) 777-4379
Email: timothy.stark@dot.state.wy.us
5300 Bishop Boulevard
Cheyenne, WY 82009
Fax: (307) 777-4193




APPENDIX D

Sample Costs

From Washington State DOT’s Mitigation Cost Case Studies

2003 Noisa Wall Cost par sf

[ [ [
Average |33¢sn
&R 202 Redmond |$4.u1
SR 16 Maple | | | |
Valley |3pz.00
| | | [m2002 Cast per of
l-a0 Spokans East | 3115
bo0 Spokans | 34550
[ [ [ [

000 F10.00  E2000 F30.00 F4000 ESO00 FE0.00

Four of the fourteen projects studied in
2003 included noise walls. The average
cost per SF was $34.60 per SF. The
combined square footage in the 2003
studies was equivalent to 2.3 miles of
ten foot tall noise wall.

k5 Everstt

205 Moise Wall Cost par st

000 F10.00 F20.00 $30.00 F40.00 FSLO0 FE0.00 FF0.00 FE0.00

Five of the seven projects studied in
2006 included noise walls. The average
cost per SF was $59.47 per SF. The
combined square footage in the 2006
studies was equivalent to 11.7 miles of
ten foot tall noise wall. The increased
average cost over the 2003 studies is
mostly due to an increase in footing
design for seismic and wind resistance
and the inflation of construction material
such as concrete and steel.
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Noise Walls

2003 Stormwater Management

Average f1.81 | | | |

FA0 lzsaquah 1 4577

SR 18 Hobart | L_L_I_1

SR 202 Redmond [ 42 b1

FE Tumwater [ $0.60

SR 18 Maple Valley | 1512
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$0 %1 %2 $3 H4 $5 g8 F7 48
Cost per scuare foot of impervious surface

From the case studies performed in 2003
the average cost to manage stormwater
was $1.81 per square foot of impervious
surface. The large variation from project to
project are mostly due to the need to
purchase property for stormwater
management facilities.

2006 Stormwater Management

Averags
LIS 12 Attilia
SR 270 Pullman

15 Tukwilla

w2006 Cost par SF

BR-16 HOW

-5 Tacoma

Faso Kitkland

L5 Ewrmtt

F0.00 §20a0 3400 $5.00 00 31003 1200
Cost per square foot of impervious surface

From the case studies performed in 2006 the
average cost to manage stormwater was $2.18 per
square foot of impervious surface. The large
variation on the |-405 Kirkland project is the project
is building facilities large enough to manage the
stormwater for planned future expansion. By taking
I-405 out of the equation the average cost to
manage stormwater is $1.63 per square foort of
impervious surface. The guidance from the
WSDOT's new Highway Runoff Manual is
beginning contributing to the efficiencies in the
design of stormwater management facilities.

From Connecticut DOT’s Preliminary Cost Estimating

Guidelines, 2007

Drainage

127 R.C.P. $55/L.F.

15" R.C.P. $65/L.F.

24” R.C.P. $70/L.F.

48” R.C.P. $135/L.F.

Simple Catch Basins $2,200 Ea.

Double Catch Basins $3,500 Ea.

Complex Basins ("CM-2") $4,500 - $6,000 Ea.
Sedimentation Chambers: (Vortechs, etc.)
10" x 4' $20,000 Ea.

13' x 7' $24,000 Ea.

18' x 12' $45,000 Ea.
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Sedimentation Control System
$4.00/L.F.

Furnishing & Placing Topsoil

<1,000 S.Y. $10.00/S.Y.
1,000 - 5,000 S.Y. $7.50/S.Y.
>5,000S.Y. $6.00/S.Y.

Turf Establishment

<1,000 S.Y. $4.00/S.Y.
1,000 - 5,000 S.Y. $2.00/S.Y.
>5,000S.Y. $1.40/S.Y.

Sodding $12.50/S.Y.

Noise Barriers

Walls - Timber
Roadway - Use $17.50/S.F.
Structure - Use $20/S.F.

Noise Barrier Wall - Durisol (Concrete Panel, Steel Columns)
Good Site Conditions - $20/S.F.

"Hard" Site Conditions - $25/S.F.

(Uneven Terrain, Rock Present)

IV. INCIDENTALS AND CONTINGENCIES

Project Value Incidentals Contingencies

Less than $1 million 25% 10%

$1 - 5 million 21% 10%

$5 - 50 million 15% 10%

Over $50 million 12% 7%

Percentages are applied to the sum of (A) Roadway Items + (B) Structure Items +
(C) Environmental Items + (D) Traffic Items + (F) Lump Sum Items

VII. UNDERESTIMATED ITEMS

The following is a list of contract items whose final quantities or values often show
large increases by project completion. Designers need to be aware of these items.
Item # Description Unit

0970004 Trafficperson Est.

0101117 Controlled Material Handling C.Y.

0202315 Disposal of Controlled Material Ton

0202103 Rock Excavation C.Y.

0950005 Turf Establishment S.Y.

12091XX Pavement Markings L.F. or S.Y.
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From Ohio DOT’s February 2008 Environmental Cost Reference Figures
From ODOT's Procedure for Budget Estimating (MS Excel - Updated 2/14/08)

Erosion Control Cost Information

Seeding & Mulching
sqyd  $1
Soddin
sq yd $15
Rock Channel Protection cu yd $75 Ranges from $50 - $110 depending on type

Erosion Control for bridge rehab
Units 2,000 Earthwork cost $0 - $400,000
Units 15,000 Earthwork cost $400,000 and up

each $1 Erosion Control for bridge replacement
Units 1,500 Earthwork cost $0 - $100,000

Units 3,000 Earthwork cost $100,000 - $200,000
Units 7,000 Earthwork cost $200,000 - $300,000

Units 10,000 Earthwork cost $300,000 - $400,000
Units 20,000 Earthwork cost $400,000 and up

each $1 Erosion Control for all other projects
Units 3,000 Earthwork cost $0 - $100,000
Units 6,000 Earthwork cost $100,000 - $200,000

Units 10,000 Earthwork cost $200,000 - $300,000
Units 17,000 Earthwork cost $300,000 - $400,000
Units 24,000 Earthwork cost $400,000 - $1,000,000
Units 35,000 Earthwork cost $1,000,000 - $2,000,000
Units 42,000 Earthwork cost $2,000,000 - $3,000,000
Units 85,000 Earthwork cost $3,000,000 - $4,000,000
Units 120,000 Earthwork cost $4,000,000 - $5,000,000
Units 170,000 Earthwork cost $5,000,000 - $10,000,000
Units 300,000 Earthwork cost $10,000,000 and up

LF $100 Exfiltration Trench
lump See 'Other' costs below
cuyd $15 Top Soil

Erosion Control Plan

Erosion Control Plan

2.5 miles $1,000 Resurfacing Projects w/ little to no earthwork use $500-$2000 per every 2.5
mi.

lump $5,000 Projects $50,000 - $1 mil
lump $10,000  Projects $1 mil - $5 mil
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lump $20,000  Projects over $5 mil use
lump $50,000  Projects over $10 mil and heavy with earthwork can go up to
$50,000
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Drainage Costs

Underdrains
ft

Conceptual Estimating Techniques mile
Culverts
Type A: <5’
ft
ft
cy
Conceptual Estimating Techniques each
ft
ft
cy
Conceptual Estimating Techniques each
Type A: 5'-10'
ft
ft
ft
cy
cy
Conceptual Estimating Techniques each
ft
ft
sq ft
cy
cy
Conceptual Estimating Techniques each
ft
ft
ft
sq ft
cy
cy
Conceptual Estimating Techniques each

Type A: 10'- 20'
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$150,000

$350

$25
$1,400
$1,500

$300

$25
$1,400
$1,500

$550
$900
$100
$350
$1,400
$2,000

$600
$850

$12

$350
$1,400
$2,000

$650
$1,000
$1,250

$20

$350
$1,400
$7,500

four lane divided with outside & inside shoulder
drainage

Pipe Structures - Reinforced concrete pipe, 706.02.
Includes granular bed, setting pipe and backfill

up to 60"

Removal of existing (up to 60")

Concrete Masonry - In place headwalls / wingwalls
Concrete Masonry - In place headwalls for Type A

Corrugated Metal Pipe, 707.02 / Structural Plate
Pipe, 707.03. Includes granular bed, setting pipe
and backfill. (headwalls, cofferdams & sheeting
costs are separate)

up to 60"

Removal of existing (up to 60")

Concrete Masonry - In place headwalls / wingwalls
Concrete Masonry - In place headwalls

Pipe Structures - Reinforced concrete pipe, 706.02.
Includes granular bed, setting pipe and backfill

66" - 78"

84" - 108"

Removal of existing (66" - 108")

Concrete Footing

Concrete - headwalls / wingwalls

Concrete - In place headwalls / wingwalls

Corrugated Metal Pipe, 707.02 / Structural Plate
Pipe, 707.03. Includes granular bed, setting pipe
and backfill. (headwalls, cofferdams & sheeting
costs are separate)

66" - 78"

84" - 108"

Removal of existing structure, based upon sq ft of
deck / surface area

Concrete Footing

Concrete - headwalls / wingwalls

Concrete - In place headwalls / wingwalls

Precast Box Structures, 706.05 Includes granular
bed, setting pipe and backfill. (headwalls,
cofferdams & sheeting costs are separate)

6' x 4' thru 8' x 4'

8' x 5' thru 10'x 4'

10" x 5' thru 12' x 4"

Removal of existing structure, based upon sq ft of
deck / surface area

Concrete Footing

Concrete - headwalls / wingwalls

Concrete - In place headwalls / wingwalls

Corrugated Metal Pipe, 707.02 / Structural Plate
Pipe, 707.03. Includes granular bed, setting pipe
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and backfill. (headwalls, cofferdams & sheeting
costs are separate)

ft $1,400 114" - 150"
Removal of existing structure, based upon sq ft of
sq ft $15 deck / surface area
cy $350 Concrete Footing
cy $1,400 Concrete - headwalls / wingwalls
Conceptual Estimating Techniques each $7,500 Concrete - In place headwalls / wingwalls
ft $1,300 12' x 4' thru 14' x 4'
ft $1,500 14' x 5' thru 16' x 4'
ft $2,000 16' x 5' thru 18' x 4
ft $2,500 18' x 5' thru 20' x 10'
Removal of existing structure, based upon sq ft of
sq ft $18 deck / surface area
cy $350 Concrete Footing
cy $1,400 Concrete - headwalls / wingwalls
Conceptual Estimating Techniques each $10,000 Concrete - In place headwalls / wingwalls
Median
Drainage ft $150
each $5,000 Barrier Median Inlet, Single Slope
BMP's lump e BMP - Best Management Practices
*** This item is designated as a future pay item.
There is no current cost data available.
Closed Storm ** Contact Office of Estimating for specific cost
System requests. Individual item costs are available in
lump > Estimator 2.2.
Includes granular bed, setting pipe and backfill.
ft $75 Storm, Type Bor C
each $1,500 Catch Basin, No. 3A
each $3,000 Manhole, No. 3
Average cost of storm per foot of curbed road.
Includes Storm, Type B or C, Catch Basin, No. 3A,
Conceptual Estimating Techniques ft $215 and Manholes.
lump See 'Other' costs below
Landscaping
Note: Often when projects have a significant amount of landscaping to
be performed, a fund is set aside to accomplish that work. If available,
that dollar amount should serve as the estimate. Below are amounts to
lump assist if the fund value is not available.
each $40 Shrubs, small, 12" - 18"
each $75 Shrubs, Large, 2' - 5'
each $300 Deciduous Trees, small
each $600 Deciduous Trees, large
each $100 Evergreen Tree, small, 1' - 5'
each $300 Evergreen Tree, Large, 6' - 8'

Noise Barrier

Noise Barrier
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sq ft

If

$25

$400

Per square foot of face of wall. Noise Wall construction includes drilled
shaft excavation along with rebar and concrete, structural steel shape
post/and or precast post, noise wall panels, precast cap and sealing of
concrete surfaces.

Assume avg height of 16' through out.
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New Categories of Environmental Cost Assessment in Planning
Health Effects Analysis

More data about public health related to vehicle exhaust is beginning to emerge,
particularly the greater impacts on those who live, work, or go to school near roads.
Cal/EPA is among the state public health agencies that have found that air pollution from
nearby traffic may pose a health risk, even in areas with good regional air quality. One
study, which involved air monitoring and a health survey of about 1,100 students at 10
Alameda County, CA elementary schools located various distances from major roads, found
moderately higher rates of asthma and bronchitis symptoms (such as wheezing and
excessive phlegm) in children residing and attending school in neighborhoods with higher
levels of traffic-related air pollution. Scientists from OEHHA and the Lawrence Berkeley
National Laboratory collaborated on the study, which was published in the September 1,
2004 issue of the American Journal of Respiratory and Critical Care Medicine.

A companion study by scientists at OEHHA and the state Department of Health Services,
published in Environmental Health Perspectives in January 2004, was the first in the United
States to evaluate the relationship between measured levels of traffic-related pollutants and
respiratory symptoms. In light of previous studies that have found traffic pollution levels to
be higher within 500 feet downwind of major roads, the study estimated the number of
schools within 500 feet downwind of roads with traffic volumes exceeding 25,000 vehicles
per day and 50,000 vehicles per day. The study found that about 2.3% of public schools
(about 170 schools) enrolling about 150,000 students are located within 150 meters (500 feet)
of roads exceeding 50,000 vehicles per day. An additional 7% of public schools (about 530
schools) enrolling about 570,000 students are located within 500 feet of roads with 25,000 to
50,000 vehicles per day. Furthermore, using school demographic data and 2000 census data,
state scientists found that schools located closer to high-traffic roads had higher percentages
of African-American and Hispanic students compared to the schools having no busy roads
nearby. The schools located near high-traffic roads also had higher percentages of
socioeconomically disadvantaged students (such as those receiving free/reduced price
school meals or who are English language learners).3”

When considering health aspects in transportation planning, system and corridor analyses,
programming and project alternatives, DOTs measure lives saved, fewer hospital visits and
lost school/work time, and resources saved. The diagram below shows the process for the
analysis of estimating health benefits from transportation considerations. For example,
California found that:

e Attaining the California PM standards would annually prevent about 6,500 premature
deaths (lives shortened by an average of 14 years), or 3% of all deaths. In comparison,
motor vehicle crashes caused 3,200 deaths and homicides were responsible for 2,000
deaths (CARB 2002a, and CDHS 2000).

e Attaining the California PM and ozone standards would annually prevent
approximately (CARB 2003a): 4,000 hospital admissions for respiratory disease; 3,000
hospital admissions for cardiovascular disease; and 2,000 asthma-related emergency
room visits.
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Attaining the California PM and ozone standards would annually prevent about (CARB
2003a): 400,000 cases of lower respiratory symptoms (such as a cough) in children ages 7-14;
400,000 cases of upper respiratory symptoms (such as, runny nose, wet cough, and burning,
itching, red eyes) in children ages 9-11; 8,000 cases of chronic bronchitis; 500,000 cases of
respiratory illnesses (including colds and flus) in adults ages 18-65; and 350,000 asthma
attacks (all ages). Although statistics are not available for cases of lung cancer caused by all
air pollutants, it is estimated that exposure to diesel PM causes about 250 excess cancer cases
per year in California (CARB 2000). A recent study provides evidence that exposure to
particulate air pollution is associated with lung cancer (Pope et al. 2002). This study found
that residents who live in an area that is severely impacted by particulate air pollution are at
risk of lung cancer at a rate comparable to non-smokers exposed to second-hand smoke.
Definitive lung cancer mortality numbers as a result of air pollution cannot yet be
determined, but this study found an approximately 16 percent excess risk of dying from
lung cancer due to fine particulate air pollution. In addition, the hearts of sensitive
individuals (for example, the elderly) may be affected when they breathe in fine particulate
matter. One study shows that individuals with existing cardiac disease can be in a
potentially life-threatening situation when exposed to high-levels of ultrafine air pollution
(Peters et al. 2001). Fine particles can penetrate the lungs and may cause the heart to beat
irregularly or can cause inflammation, which could lead to a heart attack.

Steps in Estimating Health Benefits

Baseline gasoline composition and Changes in ambient air Changes in health effects
changes to composition concentrations of pollutants

l‘.

! A l y |

ad R o w2 G

Combustion of gasoline in vehicles and  Changes in human exposure  Value of health benefits
subsequent changes in
exhaust emissions
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On a statewide basis, 1.3 million school absence days would be avoided annually if the
current levels of ozone were reduced to attain the established 1-hour state standard
(CARB 2004).

Figures related to asthma costs and the valuation of air pollution exposure are
significant and staggering. The benefits of California’s air quality program exceeds the
costs by a ratio of about 3 to 1 (CARB 2003c). In 1998, it was estimated that asthma costs
in California totaled $1.3 billion with hospitalizations and medications representing the
largest direct expenditure (Asthma and Allergy Foundation of America 1998). Adult
asthma patients spent an average of $5,000 annually on medical expenses, lost wages,
transportation, asthma-control products, and other asthma related expenses (Cisteinas et
al. 2003). Furthermore, an annual value of over $3.5 billion is associated with
hospitalizations and the treatment of major and minor illnesses, and about 2.8 million
lost workdays each year, are all related to air pollution exposure in California. In
addition, the value of premature deaths resulting from exposure to air pollution in
excess of the State’s PM2.5 standard is $43 billion (CARB 2003a, CARB 2003b, CARB
2002a, U.S. EPA. 1999).

Resources for further information include:

EPA’s, Our Built and Natural Environments: A Technical Review of the Interactions
between Land Use, Transportation, and Environmental Quality

NCSL’s The Built Environment: Is There a Connection between Sprawl & Health?

FHWA'’s Emissions Benefits of Land Use Planning Strategies

TRB Special Report, Does the Built Environment Influence Physical Activity?
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APPENDIX E

Sample Environmental Cost Estimating Forms

Washington DOT Scoping Forms

At WSDOT, costs are estimated from an early point and automatically calculated as the

project is defined and design decisions are made and entered in the summary forms below.

The form user is asked to select a “Variance” for each phase and the Total (variance total is
not calculated). The “Variance” reflects the user’s best estimate of the range of potential
estimate variability for each phase. Recognizing there are many exceptions to a standard
estimate type, WSDOT provides the following as a starting place:
38

Estimate Type - Typical Variance (+/-)

Preservation - Paving - 10%

Design Level - 20%

Pre-Environmental - 30%

Pre-Field Review - 50%

The goal of the new definition process is to reduce the variance to 10% or less before the
project is programmed, if possible.

Project Definition Form/Instructions

Design Decisions Summary Form/Instructions
Environmental Review Summary Form/Instructions
Environmental Classification Summary Form

Caltrans’ guidance is similar, suggesting that in planning, prior to programming,
contingencies should be from 30% to 50% at this stage, depending on the factual data
available for preparing the estimate 3

After completion of the public hearing process, selection of the preferred alternative, and
completion of the environmental document, Caltrans estimates that the contingency may
drop to 15%.40
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Caltrans Preliminary Environmental Analysis Report (PEAR)
On-Line System

etric

\ 4 Preliminary Environmental Analysis Report

Project Information

District __ County __ Route __ Kilometer Post (Post Mile) EA

Project Title: Brief descriptive phrase, e¢.g., CAPM, Curve Re-alignment, Passing Lane, etc.
Project Manager Phone #

Project Engineer Phone #
Environmental (Manager) Office Chief Phone# _
Environmental Planner Generalist Phone #

Project Description

Purpose and Need: Write a concise statement of the project purpose and need. Do this with the project
proponent. This statement should also be in the PSR.

Description of work: Write a brief summary of the proposed work that will be done. Include work
required that is incidental to the project, such as: access roads, utility relocation, de-watering, etc._

Alternatives: Identify all project alternatives (including no-build). If alternatives are no longer being
considered, state why. Do not select or identify a preferred alternative. Describe each alternative still
under consideration.

Anticipated Environmental Approval

CEQA NEPA

= (Categorical/Statutory Exemption = (Categorical Exclusion

= Negative Declaration / focused ND = Finding of No Significant Impact
=  Environmental Impact Report =  Environmental Impact Statement

1. Identify the anticipated environmental document for the proposed project.

2. Identify who should be the CEQA lead agency.
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3. Estimate the length of time (months) required to obtain environmental approval and
total person hours to complete the identified tasks.

PSR Summary Statement

For each practicable alternative, write a brief summary of key environmental issues, studies
required, permits, and mitigation. Include a time and cost estimate, and any constraints
likely, such as construction windows, biological monitoring, Native American consultation,
and acquisition of Permits to Enter.

Special Considerations

For each practicable alternative, summarize any special processes such as NEPA /404,
seasonal constraints, Section 7, Section 4(f) that may effect project delivery and require
unusual, exceptional, or extended environmental processes.

Anticipated Project Mitigation (for standard PSR only)

For each practicable alternative, prepare short summary paragraphs for each focused area of
mitigation of all anticipated mitigation measures required to reduce, minimize, or
compensate for project impacts. Include a cost estimate for each mitigation measure.
Summarize the total of all mitigation costs at the end of this section, in the summary
statement and on the Mitigation and Compliance Cost Estimate (Attachment A).

Disclaimer

This report is not an environmental document. Preliminary analysis, determinations, and
estimates of mitigation costs are based on the project description provided in this report.
The estimates and conclusions provided are approximate and are based on cursory analysis
of probable effects. This report is to provide a preliminary level of environmental analysis to
supplement the Project Study Report. Changes in project scope, alternatives, or
environmental laws will require a re-evaluation of this report.

Reviewed by:
Date:
Environmental Office Chief
Date:
Project Manager
Environmental Technical Reports or Studies Required
Study Document N/A

Community Impact Study . .

Farmland . .
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Section 4(f) Evaluation

Visual Resources

Water Quality

Floodplain Evaluation

Noise Study

Air Quality Study

Paleontology

Wild and Scenic River Consistency

Cumulative Impacts

Cultural

ASR

HSR

HASR

HPSR

Section 106 / SHPO

Native American Coordination
OTHER
Finding of Effect

Data Recovery Plan

Hazardous Waste

ISA (Additional)

PSI
OTHER

Biological
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Endangered Species (Federal)

Endangered Species (State)

Species of Concern (CNPS, USFS, BLM, S, F)
Biological Assessment (USFWS, NMFS, State)
Wetlands
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Invasive Species o o o
Natural Environment Study o o o
NEPA 404 Coordination o o o
OTHER
Permits

401 Permit Coordination o o 0
404 Permit Coordination o o 0
1601 Permit Coordination o o 0
City/County Coastal Permit Coordination o o o
State Coastal Permit Coordination o 0 o
NPDES Coordination o o 0
US Coast Guard (Section 10) o o o

Discussion of Technical Review

Use brief paragraphs focused on topics that will need environmental review. Indicate the absence of
issues to document that they were considered. Follow the Checklist when preparing the summary
discussion. Make a separate statement for each viable alternative. Samples follow:

Socio-economic and Community Effects. The project is not expected to have any effects on
the local community or the economy.

Farmlands. N/ A

4(f) Impacts. The project may create 4(f) issues if it results in any temporary or permanent
impacts to the following properties.....

Visual Effects. A visual assessment will be required and should include potential project
effects and any appropriate mitigation. Design of the upgraded guardrail may require and
include visual impact mitigation. Tree removal must be avoided to minimize the effect on
the visual setting. Vegetation removed from any properties found to be historically
significant may become a sensitive issue.

Water Quality and Erosion. The site should be evaluated for potential water quality impacts
associated with the project. If site dewatering is required for new construction, a dewatering
plan is required. Site access for construction must be included in any water quality analysis.

Floodplain. A floodplain evaluation report will need to be prepared to analyze the effects of
the alterations to the bridge footings on the 100-year floodplain.

Air and Noise. Potential air quality and noise impacts are.... The proposed project is
included in the Regional Transportation Plan dated...which has been found to be in
conformity with the Clean Air Act State Implementation Plan.
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Wild and Scenic River. There is a potential for impact to (name of river), a Federally
designated wild and scenic river.

Cultural Resources. An archeological survey will be required for the project. The proposed
Area of Potential Effect (APE) must include all access roads, work areas and staging areas
beyond the existing paved highway. A historic survey of resources related to... may be
required. Any subsequent changes in project scope may require additional archaeological or
historical review.

Native American Coordination. The following Native American tribes or groups may have
any interest in or be affected by the proposed project...

Hazardous Waste/Materials. An Initial Site Assessment (ISA) will be required to address
the potential for hazardous waste. The risk ranking for ... is ....

Biological Resources. This project may affect sensitive biological resources. Formal
consultation with National Marine Fisheries Service on the coho salmon and steelhead will
be required. Formal consultation with the USFWS on the tidewater goby and the mountain
beaver may be required. The existing bridge should be inspected for the presence/absence
of bats, nesting swallows and other protected species. Bird and bat surveys should be
completed in the spring/summer season. The California Natural Diversity Data Base
(CNDDB) does not indicate any other known sensitive biological resources in this location.
There are no known sensitive plant species in this location.

Wetlands. A delineation of jurisdictional wetlands and waters of the United States needs to
be done. Executive Order 11990 requires an avoidance alternative analysis for wetland
impacts unless there is no practicable alternative available. Impacts to waters of the U.S. and
wetlands from the project and any temporary access roads will need to be quantified.

Invasive Pest Plant Species. Executive Order 13112 requires that any Federal action may not
cause or promote the spread or introduction of invasive species. This project may...

Right-of-Way Relocation or Staging Area. No new Right-of-Way is indicated for this project.
Material sites and disposal sites are indicated, but not identified. These areas, which must be
identified prior to initiating environmental studies, will require complete environmental
evaluation as part of this project.

Mitigation (For standard PSR only). Mitigation for temporary and permanent impacts to
sensitive biological resources (wetlands, riparian vegetation, regulated plants and animals)
will be required. Mitigation for impacts to waters of the United States and tidewater goby
habitat may be required. Construction windows between June 1 and October 15 may be
required for coho mitigation, and temporary bat roosts may be required for bats displaced
by construction disturbance. Avoidance of swallow nests, or nest exclusion netting may be
required from March 1 through August 31. Reasonable mitigation costs are generally
considered to be up to 10% of the project cost. For this project, mitigation could include
swallow exclusion, restricted construction scheduling, habitat enhancement, habitat
restoration, or habitat replacement; the cost of which is estimated to be around $200,000.

Permits. Permits from the State Department of Fish and Game (1601), U. S. Army Corps of
Engineers (an individual 404 Permit will probably be required because wetland/waters
impacts may exceed the threshold acreage), U.S. Coast Guard (Section 10), and the Regional
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Water Quality Control Board (401) will be required. Additional permits for the material site
and disposal site may be required.

Coastal Zone. This project is within the County coastal jurisdiction and will require a
County Coastal Development Permit. It is not within state coastal jurisdiction nor within
state appealable jurisdiction.

List of Preparers

Hazardous Waste Review by Date
Biological Review by Date
Cultural Review by Date
Community Impact Review Date
Visual Review by Date
Floodplain Review by Date

Attachment A - PEAR Mitigation and Compliance Cost Estimate*(Standard PSRs Only)
Dist.-Co.-Rte.-KP/PM: EA:
Project Description:

Person completing form/Dist. Office.: Project Manager:
Phone number:
Date:
Mitigation Compliance
Project Enviro. Statutory Permit &
Feature1 Obligation2 Require.3 Agreement4

Fish & Game 1601 Agreement

Coastal Development Permit

State Lands Agreement

NPDES Permit

COE 404 Permit- Nationwide

COE 404 Permit- Individual

COE Section 10 Permit

COE Section 9 Permit

Other:

Noise attenuation

Special landscaping

Archaeological

Biological
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Historical

Scenic resources

Wetland/riparian

Other:

TOTAL (Enter zeros if no cost)

Costs are to be reported in $1,000’s.

Costs are to include all costs to complete the commitment including: 1)capital outlay and staff
support; 2) cost of right-of-way or easements; 3) long-term monitoring and reporting; and 4) any
follow-up maintenance.

! Mitigation that Caltrans would normally do if not required by a permit or environmental agreement.
? Mitigation that Caltrans would not normally do but is required by conditions of a permit or
environmental agreement.

’ Mitigation that Caltrans would not normally do and is not required by a permit or Enviro.
Agreement, but is required by a law.

* Non-mitigation Caltrans would not normally do but is required by conditions of a permit or
agreement.

*Prepare a separate form for each practicable alternative in the PSR.
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APPENDIX F

Sample Environmental Labor Cost Coding
Categories

The following example of environmental labor cost coding categories was taken from
Wisconsin DOT Facilities Development Manual, Division of Transportation Investment
Management-Contract Administration Unit (DTIM-CAU) Procedure, 8-10-1.4

762 Envir Imp-Air Quality Work includes activities associated with analysis of air quality
including data gathering and modeling.

763 Envir Imp-Archaeology Work includes contracting for, meeting about, and assisting in
archaeological surveys, investigations and data gathering.

765 Envir Imp-Contaminated Sites Work includes contacts, meetings, site visits, negotiations
and other tasks associated with all phases of contaminated site investigation and
remediation.

766 Envir Imp-Drainage/Storm Water Work includes all activities above and beyond
normal roadway drainage practices. It includes design of storm water management best
management practices including retention and catch basins. Also negotiation of storm
water.

767 Envir Imp-Environmental Documents Work includes activities to prepare
environmental impact statements, environmental assessments and environmental reports.
Include required meetings and time required to prepare and review environmental
documents.

768 Envir Imp-Erosion Control Work includes design and installation of project erosion
control and landscaping. FINAL DESIGN (Post DSR)

768 Envir Imp-Erosion Control Include initial surveys and data gathering to determine the
existence and potential impacts on and of archaeological and historical sites, contaminated
sites, wetlands and air and noise analysis in the appropriate individual activity code.

769 Envir Imp-History Work includes activities associated with the 106 and Chapter 44
processes to determine existence, impacts and any required mitigation of historical sites

796 Envir Imp-Sound Quality Work includes analysis and data gathering of project noise
impacts. Activities Associated with the design, procurement and installation of noise
barriers.

797 Envir Imp-Species/Habitats Work includes analysis of impacts on endangered and
threatened species including Development and implementation of conservation plans.

798 Envir Imp-Wetlands/Waterways Work includes analysis and data gathering of project
wetland impacts; procurement of required permits and water quality certifications; design,
installation, monitoring and maintenance of wetland mitigation sites including wetland
bank sites.
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