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GLOSSARY

Access control. For roads under the jurisdiction of
the Towa DOT, access control exists when the agency
regulates the right of adjacent property owners to
gain access to or from the highway. (Ilowa DOT.
Office of Traffic and Safety. January 2004. Traffic
and Safety Manual. Chapter 9C Access—Policy.)
Access control may be full or partial. Access is
controlled through purchase of rights or through
design controls, such as turning restrictions. Local
governments may have a role in access control

by regulating driveway spacing, lot widths,

and setbacks.

Access controlled highway. A highway for which
the Iowa DOT controls the rights of adjacent
property owners to have direct access to or from the
highway at their properties. This includes locations
where local roadways gain access to highways.

Access management. The “means to maintain the
safe and efficient movement of traffic by controlling
the design of access, the location of access, and the
number of access points allowed” or the process of
controlling and maintaining access to a roadway.
(Iowa DOT, Office of Traffic and Safety. http://www.
dot.state.ia.us/traffic/sections/itsauwz/access.htm.) An
access management program may include acquisition
of rights and also application of building and zoning
regulations. The latter may require early and ongoing
coordination or agreements with local governments
that control land use and zoning off the highway
right-of-way.

Access priority. A system by which highways of
different functional classifications are rated in terms
of the type and frequency of access points allowed.

Additional farmland of statewide or local
importance. Farmland other than prime or unique
farmland that is of statewide or local importance for
the production of food, feed, fiber, forage, or oilseed
crops, as determined by the appropriate state or
unit of local government agency or agencies (7 USC

4201[c][1][C]D).

Administering office. The office responsible for
administering a consultant contract.

Adverse effect (AE) (cultural resources). A change
to a historic building, structure, or archaeological
site, directly or indirectly caused by the project, that
alters the characteristics that qualify the property for
inclusion in the National Register. Adverse effects
on buildings, structures, or sites include physical
destruction, damage, or alteration; isolation from
(or alteration of) the setting; introduction of out-of-
character visual, audible, or atmospheric elements;
neglect resulting in deterioration or destruction; and
transfer, lease, or sale.

Adverse effect (AE) (environmental justice).
The totality of significant individual or cumulative
human health or environmental effects, including
interrelated social and economic effects (U.S.
Department of Transportation [U.S. DOT] Order on
Environmental Justice).

Advisory Council on Historic Preservation
(ACHP, or Advisory Council). The independent
federal agency that provides a forum for influencing
federal activities, programs, and policies as they
affect historic resources. Its mission is to promote
the preservation, enhancement, and productive

use of the nation’ historic resources and to advise
the President and Congress on national historic
preservation policy.

Alternative. A proposed action that is or was under
consideration to address a transportation need.

Approach criteria. For the purpose of this
document, to approach the criteria means to be
within 1 decibel (dBA) of the appropriate FHWA
abatement criteria (23 CFR, Part 772).

Archaeological terms.

» Phase la. Background research only, no fieldwork.
» Phase L. Identification of new sites.

» Phase II. Evaluation of potentially significant
site’s eligibility for the National Register. Phase II
information is also used to formulate a Research
Design for a mitigation strategy.

» Phase III. Data recovery/mitigation; usually
recovery of significant data from the site.
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Area of potential effect (APE). The geographic

area or areas within which a transportation project
may cause changes in the character or use of any
historic buildings, structures, or archaeological sites.
The APE always includes the actual project area

and may include areas where the project will cause
changes in land use, traffic patterns, setting, and
other environmental aspects that could affect historic
buildings, structures, or archaeological sites.

Arterial roadway. A highway with provisions to serve
larger volumes of vehicles, traveling longer distances
and at higher speeds, than local roadways serve.

Asset management plan. A systematic process

of cost-effectively maintaining, upgrading, and
operating physical assets. It combines engineering
and mathematical analyses with sound business
practice and economic theory.

Benefit-cost analysis. Comparison of the costs
associated with an investment to the benefits that it
will return. It also addresses and accounts for both
tangible and intangible considerations.

Benefited receivers. Noise-sensitive receivers who
will obtain at least 5 dBA of noise reduction as a
result of the use of a noise abatement measure,
regardless of whether they are identified as affected.
Only benefited receivers will be included in the
calculation needed to determine whether a particular
noise abatement scheme has a reasonable cost.

Biological Assessment (BA). Evaluates the potential
effects of an action on listed and proposed species
and designated and proposed critical habitat;
determines if the species or habitat are likely to be
adversely affected; findings are used to determine the
necessity of formal consultation or conference with
the U.S. Fish and Wildlife Service.

Biological Opinion (BO). A document that is the
product of formal consultation, stating the opinion
of the U.S. Fish and Wildlife Service whether an
action is likely to jeopardize the continued existence
of listed species or to result in the destruction or
adverse modification of critical habitat.

Borrow pit. An excavation used to obtain soil,
material, or fill for construction activities.

GLOSSARY

Bridge scour analysis. A method to estimate scour
effects on both existing and proposed structures.

Business. Any lawful activity (commercial, etc.)
except a farm operation (Uniform Relocation Act).

Byway. A public road having special scenic,

historic, recreational, cultural, archaeological, or
natural qualities that have been so recognized
through legislation or other official declaration
(Washington DOT Environmental Procedures Manual).

CAL3QHC. Carbon monoxide hotspot model used to
determine localized conformity and air-quality impacts.

Categorical Exclusion (CE). An action that

falls within a category that has been found not to
have significant environmental impact and, thus,
does not require an environmental assessment or
environmental impact statement (23 CFR 771.117).

CERCLA. The Comprehensive Environmental
Response, Compensation, and Liability Act of 1980,
including SARA (the Superfund Amendments and
Reauthorization Act of 1986), also known as the
federal Superfund program.

CERCLIS. The Comprehensive Environmental
Response, Compensation, and Liability Information
System. A database containing information on
potentially hazardous waste sites that have been
reported to the EPA by states, municipalities, private
companies and private persons, pursuant to Section
103 of CERCLA. CERCLIS contains sites that are
either proposed for or on the National Priorities List
and sites that are in the screening and assessment
phase for possible inclusion on the National
Priorities List.

Class of action. The level of environmental impact
and its corresponding environmental documentation.
There are three classes of action:

» Class I actions have significant environmental
impact and require an environmental impact
statement

» Class II actions are categorical exclusions
because they are known to not have a significant
environmental impact
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GLOSSARY

» Class III actions that require an environmental
assessment because the significance of the
environmental impact is unknown.

Cohesion. Behavioral or perceptual relationships
shared among residents of a community that cause the
community to be identifiable as a discrete, distinctive
geographic entity within the urban pattern (FHWA).

Collector roadway. A roadway that serves vehicles
traveling shorter distances than arterial roadways
allow but longer distances and with a less frequency
of ingress and egress than local roads.

Community facility. An organization, public or
private, that provides goods and services to the
population of a community.

Community. A distinctive, homogeneous, stable,
self-contained unit of a larger spatial area defined
by geographic boundaries, ethnic, or cultural
characteristics of inhabitants; a psychological unity
among the residents; the concentrated use of the
area’s facilities (FHWA).

Comparable replacement dwelling. Any dwelling
that is decent, safe, and sanitary, adequate in size

to accommodate its occupants, within the financial
means of the person, functionally equivalent, is not
subject to unreasonable adverse conditions, and is
in a location generally not less desirable than the
location of the displaced person’s dwelling with
respect to public utilities, facilities, services, and the
displaced person’s place of employment (Uniform
Relocation Act).

Comprehensive plan. An official document

adopted by a local government that sets forth its
general policies regarding the long-term physical
development of a city or other area (Dictionary of Real
Estate Appraisal).

Construction debris. Waste generated by
construction, renovation, and demolition projects,
including wood, concrete, steel, brick, and gypsum.

Consultant Contract Coordinator. The person
responsible for coordinating Departmental work
with consultants.

Consultant contract. A contract between the
Iowa DOT and the consultant.

Consultant Steering Committee. A committee
responsible for ranking consultants selected by a
selection committee in order of preference for contract
negotiations. The leader of the committee shall be
designated by the division director for the administering
office. For the Highway Division, the team leader

shall be the Director of the Engineering Bureau. Other
members of the committee include the office director
from the administering office and, for a specific project
within a district, the district engineer. The team leader
may designate other members as appropriate.

Consulting parties. The primary participants in

the Section 106 process. Consulting parties always
include federal agencies with jurisdiction over the
project, lowa DOT, SHPO, Native American tribal
representatives and perhaps ACHP, local governments,
applicants for federal grants, licenses, or permits,
affected landowners, and other interested persons.

Contaminant. Any physical, chemical, biological, or
radiological substance or matter that has an adverse
affect on water (EPA, Terms of Environment).

Contamination. The presence of any hazardous
waste or regulated substance in soil, surface water,
or groundwater at a property that may require
assessment, remediation, or special handling, or that
may pose future liability.

Contract Manager for the Administering Office.
The person responsible for managing the work for
the administering office.

Contributing agency. A federal, state, or local agency
or a Native American tribe with jurisdiction, as well as
public organizations and private interest groups that
have special expertise that entitles them to participate
in the development of an environmental document,
typically an environmental impact statement.

Cooperating agency. The federal agency, other
than the lead agency, that acts on a proposed action
(e.g., permit approval) or has jurisdiction by law;
one with special expertise asked to participate in
the development of an environmental document,
typically an environmental impact statement.
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Corridor. Road or highway right-of-way and

the adjacent area, visible from and extending

along the highway. The distance that the corridor
extends from the highway could vary with different
intrinsic qualities.

Corridor preservation. The act of recording and
preserving a corridor for future transportation

use. By preserving a corridor before construction
takes place, the local government is able to plan or
administer adjacent land uses in a manner consistent
with the proposed transportation facility.

Corridor preservation zone. Land surrounding
existing or proposed corridors or areas where
transportation infrastructure is expected in order

to meet future traffic demands that may require
acquisition of right-of-way. The corridor preservation
zone is a buffer zone around a transportation corridor
where the likelihood of development impacts is great.

Cowardin classification. A hierarchical coding
system used to distinguish wetland types: palustrine
emergent (PEM), palustrine forested (PFO), and
palustrine scrub-shrub (PSS). The Cowardin system
is often used to classify wetlands as identified in the
National Wetland Inventory (NWI).

Critical habitat. Specific geographic areas, whether
occupied by listed species or not, determined to be
essential for the conservation and management of
listed species, and that have been formally described
in the Federal Register.

Cultivated land. Land prepared for or used for
raising crops.

Cultural resource. A property or artifact that
pertains to or identifies human activities. This is
also a common term for “historic properties” on the
National Register of Historic Places. It can mean

an archaeological site, historic structure, building,
district, and landscape.

Date of public knowledge. The date the public
is officially notified of the adoption of the location
of a proposed highway project; the date of FHWA
approval of the final environmental document.
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Decibel (dB). A descriptor of the difference between
measured sound pressure levels. For traffic noise
purposes, the A-weighted scale (dBA), which closely
approximates the range of frequencies a human ear
can hear, is used.

Design year. The future year used to estimate the
probable traffic volume for which a highway is
designed. A time (usually 20 years) from the start of
construction is normally used.

Designated uses. Water uses identified in state

water quality standards that must be achieved and
maintained as required under the Clean Water Act.
Uses can include cold water fisheries, public water
supply, and irrigation (EPA, Terms of Environment).

Determination of Eligibility (DOE). An expedited
process for applying National Register criteria and
making a formal evaluation of the significance of a
historic building, structure, or archaeological site.
A property eligible for National Register listing is
afforded the same protection under Section 106 as
one that is actually listed.

Development moratorium. A development
moratorium typically is applicable in corridors
that have been preserved for future highway use.
The local government with jurisdiction over land
use, zoning, and building permits works to obtain
a development moratorium under which no new
substantial construction could occur within a
defined area. This action helps to minimize future
construction and right-of-way.

Diagonal severance. Diagonal separation or division
of a parcel of land. To separate or divide a parcel of
land diagonally.

Direct effect. An effect caused by an action
that occurs in situ and concurrently with
project development.

Direct energy impact. Energy consumed by
vehicles using the facility (FHWA Technical
Advisory T6640.8A).

Displaced person. Any person who moves from
real property, or moves his personal property from
real property, as a direct result of a written notice of
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intent to acquire such real property in whole or in
part for a program or project undertaken by a federal
agency or with federal financial assistance; or on
which property such person is a residential tenant

or conducts a small business or farm operation as

a direct result of rehabilitation, demolition, or such
other displacing activity as the lead agency may
prescribe under a program or project undertaken by
a federal agency or with federal financial assistance in
any case in which the head of the displacing agency
determines that such displacement is permanent
(Uniform Relocation Act).

Disproportionately high and adverse effect. An
adverse effect borne predominately by a minority or
low-income population. An adverse effect suffered by a
minority or low-income population that is appreciably
more severe or greater in magnitude than the adverse
effect that will be suffered by the non-EJ population
(U.S. DOT Order on Environmental Justice).

Dominant species. Plant species from each stratum
that prevail in larger amounts within the community
and exert considerable influence on other species as a
result of shading and nutrient allocation.

Economic development. In general, expansion
of a community’s property and sales tax base, or
expansion of the number of jobs through office,
retail, and industrial development.

Effect. A change to a historic building, structure,

or archaeological site caused by the project that
may alter the property’s characteristics that qualify
it for National Register listing. Effects may include
alteration to features of a property’s location, setting,
or use depending on its significant characteristics
(36 CFR Part 800.16 [i]).

Eligible property. A historic building, structure, or
archaeological site formally determined eligible for

the National Register of Historic Places, or one that
meets the National Register criteria.

Emergent vegetation. Herbaceous wetland plants
with roots submerged and foliage above water.

Energy or energy sources. Gasoline, fuel oil, natural
gas, propane, coal, special fuels, and electricity
(FHWA Technical Advisory T6640.8A).

Environmental Assessment (EA). A concise
document that explains the decision of whether to
prepare an environmental impact statement or a
finding of no significant impact.

Environmental Impact Statement (EIS). A
document written to explain a proposed major
federal project that will significantly affect the human
environment. It illustrates the following: purpose

of and need for the proposed project, alternatives
considered, the affected environment, environmental
consequences, the relationship between short-

term uses of the local environment and the results

of its maintenance over the long-term, and any
commitment of resources that would be irretrievable
if the project were implemented.

Environmental justice (EJ). The fair treatment and
meaningful involvement of all people regardless

of race, color, national origin, or income with
respect to the development, implementation, and
enforcement of environmental laws, regulations,

and policies. Fair treatment means that no group

of people, including racial, ethnic, or low-income
groups, should bear a disproportionate share of the
negative environmental consequences resulting from
industrial, municipal, and commercial operations or
from the execution of federal, state, local, and tribal
programs and policies; agencies should identify and
address disproportionately high and adverse effects of
agency programs, policies, and activities on minority
and low-income populations. (See “minority” and
“low-income.”) (EPA “Guidance for Incorporating
Environmental Justice Concerns in EPAs NEPA
Compliance Analysis,” April 1998 and Executive
Order 12898)

Environmental studies. The exploration of
environmental resources in the project location
and determination of what type of environmental
document should be written.

Equality. The state of having the same quantity as
another (American Heritage Dictionary).

Equity. The state of being just, impartial, or fair
(American Heritage Dictionary).
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Farm operation. Any activity conducted solely
or primarily for the production of one or more
agricultural products or commodities including
timber (Uniform Relocation Act).

Farm unit. A portion of a farm generally based
on noncontiguous parcels, ownership, or
farming operation.

Farmland. All land, as defined by the Farmland
Protection Policy Act (see prime farmland, unique
farmland, and additional farmland of statewide or
local importance).

Fatal flaw. An element of an alternative (whether
engineering or environmental) that eliminates it from
further consideration.

Feasibility studies. The Location Section also
conducts feasibility studies, which may be used as a
precursor to location studies.

Federal agency (cultural resources). The party with
jurisdiction over the action and legal responsibility
for complying with Section 106. In the Division of
Transportation Infrastructure Development, highway
projects are the FHWAS responsibility When projects
require permits from a federal agency, such as the
U.S. Army Corps of Engineers, the permitting agency
must also comply with Section 106. The FHWA also
monitors compliance with Section 4(f).

Federal candidate species. Candidate species
(candidates) are taxa for which the U.S. Fish and
Wildlife Service has on file sufficient information

on biological vulnerability and threats to support a
proposal to list the taxa as endangered or threatened.

Federal endangered species. The classification
provided to an animal or plant in danger of
extinction within the foreseeable future throughout
all or a significant part of its range.

Federal funded/regulated. Wholly or partly
funded by federal agency or requiring approval
from a federal agency. This is one of the criteria that
triggers NEPA.

Federal proposed species. Any species of fish,
wildlife, or plant proposed in the Federal Register to
be listed under the Endangered Species Act.
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Federal threatened species. The classification
provided to an animal or plant likely to become
endangered within the foreseeable future throughout
all or a significant part of its range.

Federal Wild and Scenic Waterway. A federal
designation resulting from the Wild and Scenic
Rivers Act of 1968 (Public Law 90-542); Applies

to certain, selected rivers (and their immediate
environments) that have outstandingly remarkable
scenic, recreational, geologic, fish and wildlife,
historic, cultural, or other similar values, and should
be preserved in free-flowing condition.

Finding of No Significant Impact (FONSI). A
document that supports the decision that there is
no significant impact and thus, the preparation

of an environmental impact statement is
unnecessary. The FONSI must include a summary
of the Environmental Assessment. Any additional
supporting environmental documentation should be
summarized or included as attachments.

500-year floodplain. Area expected to be covered by
a flood an average of once every 500 years.

Flood frequency. The likelihood of a flood of given
magnitude occurring within a set time period.

Flood Insurance Rate Maps (FIRM). A mapping
product available as hardcopy or as a GIS layer that
depicts the calculated boundaries of the 100- and
500-year floodplains. The maps have been developed
by the Federal Emergency Management Agency.

Form AD-1006. Form developed by the Natural
Resources Conservation Service to aid local, state, and
federal agencies in documenting impacts to farmland.

Full access control. Through traffic is given priority
on a full access controlled highway. For highways in
this category, properties abutting the roadway are not
allowed direct access but gain access along frontage
roads or other roads that connect to an interchange
point. Side roads are connected with interchanges,
are terminated at the right-of-way line, or are carried
across the highway with grade separations.
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Groundwater. The supply of fresh water found
underneath the Earth’s surface, usually in aquifers,
which supply wells and springs. (EPA, Terms

of Environment)

Growing season. Pertaining to wetland delineation,
either (1) the length of time between the average
last frost date and the average first frost date based
on a 30-year average before 2000 or (2) the part of
the year when soil temperatures are above biological
zero (5 degrees C; 41 degrees F) at a depth of 19.7
inches (50 cm) from the soil surface. The growing
season can also be approximated by the number of
frost-free days.

Habitat evaluation procedure (HEP) model. A
method by which a wetland can be assessed based on
its suitability for a suite of wildlife. HEP concentrates
on the wildlife habitat function of wetlands, whereas
other assessment methods may focus on a broader
array of wetland functions.

Hazardous waste generator. Any person (including
companies, agencies, and municipalities), by site,
whose act or process produces hazardous waste or
whose act first causes a hazardous waste to become
subject to regulation.

Hazardous waste. Any waste or combination of
wastes as defined in 40 CFR 261.3 or lowa Code
section 455B.411.

HEC-2 hydraulic modeling. A method used to
estimate the extent to which in-stream structures;
e.g., bridge piers, may affect water levels upstream
from the structure.

Herbaceous strata (stratum). Plants species that are
not woody.

Historic district. A significant concentration of
sites, buildings, structures, landscapes, or objects
united historically or aesthetically by plan or physical
development.

Historic property. Any prehistoric or historic
district, site, building, structure, or object included
in (or eligible for) the National Register (36 CFR Part
Section 800.16 [1][1]).

Household hazardous waste. Any leftover household
products that contain corrosive, toxic, ignitable, or
reactive ingredients, including products such as paints,
cleaners, oils, batteries, and pesticides.

Human environment. The relationship between
humans and their natural and physical environment.

Hydric soil. Soil that is saturated, flooded, or ponded
long enough during the growing season to develop
anaerobic conditions in the upper part. See Field
Indicators of Hydric Soils of the United States, v. 4.0,
1998 for the currently accepted technical definition of
hydric soils. See The 1987 Corps of Engineers Wetland
Delineation Manual for additional information.

Hydrophytic vegetation. Plants that are adapted
to growing in wet, saturated conditions. According
to The National List of Plants Species That Occur in
Wetlands, this would include species listed as FAC,
FAC+, FACW-, FACW, FACW+, or OBL.

Impacted receiver. A noise sensitive receiver that

is or will be subjected to highway traffic noise that
approaches or exceeds the noise abatement criterion
or substantially exceeds existing noise levels.

Impaired water. A water body that is only partially
supporting or not supporting its designated use (lowa
Department of Natural Resources).

Indian tribe. An Indian band, nation, or other
organized group or community, including a native
village, regional corporation, or village corporation,

as those terms are defined in Section 3 of the Alaska
Native Claims Settlement Act (43 USC 1602), that is
recognized as eligible for the special programs and
services provided by the U.S. to Indians because of their
status as Indians (36 CFR 800.16 [m]).

Indirect energy impact. Energy impacts associated
with construction energy and items such as the effect
of changes in automobile usage (FHWA Technical
Advisory T6640.8A).

In-lieu fee mitigation. A form of wetland mitigation
provided for in the Clean Water Act that allows fees
to be paid to resource agencies as compensation for
wetland impacts. The accumulated fees are then used
to create or restore wetlands.
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Interested persons. Individuals and organizations
that have made known their concerns about a
particular project’s effects on historic buildings

and structures and archaeological sites. Interested
persons may include local governments; applicants
for federal assistance, permits, and licenses; affected
landowners; Native American tribes; and the general
public. Contact with interested persons should

be made at each stage in the Section 106 process
(identification, evaluation, assessment of effects,
and consultation).

Iowa Protected Water Areas (PWA) Program.
Initiated in 1987 to address the need for additional
open space protection in Iowa. Its basic purpose

is to maintain, preserve, and protect the existing
natural and scenic qualities of selected lakes, rivers,
marshes, and their adjacent areas. The Iowa PWA
program is administered by the Towa Department of
Natural Resources.

Laeqth. The hourly value of Laeq.

Laeq. The A-weighted equivalent steady-state sound
level that, in a stated period of time, contains the
same acoustic energy as the time-varying sound level
during the same time period.

Last resort housing. Housing provided through an
administrative process if, in the case of a displaced
person, there is a housing shortage and comparable
housing is not available, or it is not available within
the maximum $5,250 or $22,500 payment limits.
This requirement is addressed by the Office of Right-
of-Way during the property acquisition process.

See Uniform Relocation Assistance and Real Property
Acquisition Policies Act or FHWA, “Your Rights and
Benefits as a Displaced Person Under the Federal
Relocation Assistance Program.”

Lead agency. The lead agency is FHWA and joint
lead agencies would be the direct recipients of the
federal funds. Subrecipients may be invited to also
be joint lead.

Leaking underground storage tank (LUST). Any
underground storage tank system (as defined below)
that demonstrates through fill records, tightness testing,
or the presence of environmental contamination that
the tank is leaking or has leaked in the past.
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Least harm analysis. According to Section 4(f)
regulations, if there is no feasible and prudent
avoidance alternative, the agency “may approve only
the alternative that causes the least overall harm

in light of the statute’s preservation purpose.” The
“least overall harm” is determined by balancing the
following list of factors:

» The ability to mitigate adverse impacts to each
Section 4(f) property (including any measures
that result in benefits to the property)

» The relative severity of the remaining harm, after
mitigation, to the protected activities, attributes,
or features that qualify each Section 4(f) property
for protection

» The relative significance of each
Section 4(f) property

» The views of the official(s) with jurisdiction over
each Section 4(f) property

» The degree to which each alternative meets the
purpose and need for the project

»  After reasonable mitigation, the magnitude of any
adverse impacts to resources not protected by
Section 4(f)

» Substantial differences in costs among
the alternatives

Level of service (LOS). An indicator tool that
determines the functionality of the roadway in terms
of capacity, volume, and delays at intersections.

It ranges from A to F, F indicating worst possible
congestion and longest delay.

Life-cycle costs. The components of cost associated
with buying, owning, and using a physical product
Or service.

Listed species. A species included on federal or
state lists of endangered and threatened wildlife
and plants. Listed species are protected under the
Endangered Species Act, which prohibits killing,
harming, or otherwise taking a species.

Local streets. Functional classification consisting
of all roads not defined as arterials or collectors;
primarily provides access to land with little or no
through movement.
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Location Section. The Office of Location and
Environment has a section within its organization
called the Location Section. It traditionally has
performed engineering studies needed to determine
the type and location of an improvement, known as
location studies (or planning studies).

Location study and Location Section business.
Throughout Part II of the manual, this distinction
is important when determining whether a topic

is addressing an element of performing a location
study or of conducting the business of the Location
Section; in other words, completing the location
study process (or planning study process).

Logical termini. The rational endpoints for
the proposed project and the review of its
environmental resources.

Long-range transportation plan (LRTP). A
document resulting from regional or statewide
collaboration and consensus on a region’s or state’s
transportation system. In metropolitan areas, the
plan indicates all the transportation improvements
scheduled for funding over the next 20 years.

Longitudinal impacts (encroachment). A road
crossing 30 degrees or less with respect to the
floodplain edge; for example, a roadway running
alongside the edge of a 100-year floodplain.

Low-chroma matrix. A soil (or soil ped) in which
most of the soil surface or volume has a chroma
less than or equal to 2. Generally associated with
soils that are saturated and anaerobic for part of the
growing season, though black upland prairie soils
may meet this criterion as well.

Low-income. May refer to households at or below
the HHS poverty-level guidelines, or to persons/
households with incomes substantially lower than
the median income of the general population (FHWA
Environmental Justice Guidance).

Maximum contaminant level (MCL). Maximum
permissible level of a contaminant in water that is
delivered to any user of a public water system (Iowa
Department of Natural Resources).

Memorandum of agreement (MOA). A contractual
document, negotiated and executed under Section
106, that specifies how the project’s adverse effects
upon eligible properties will be taken into account.
The MOA is agreed upon and signed by the
consulting parties.

Memorandum of understanding (MOU). An
agreement between two or more entities that
documents policies and procedures of mutual
concern, provides mutual assistance or exchanges
that results in the promotion of common endeavors.
It is a stand-alone agreement that establishes the
general parameters between two entities.

Mineral soil. Soil that is composed predominately
of mineral matter (either clay, silt, or sand) and
relatively low levels of organic matter (usually less
than 20 percent).

Minority. Persons who identify themselves as Asian
or Pacific Islander, Native American, or Alaskan
Native, Black (not of Hispanic origin), or Hispanic
(U.S. Census Bureau).

Mitigation. Compensation for an environmental
impact, including in order of consideration, (1)
avoiding the otherwise impacted area altogether;

(2) minimizing impact by lessening its degree or
magnitude; (3) repairing the affected area; (4) minimize
impact over time by preservation or maintaining

the quality of the area; and (5) mitigating for the
resource lost by creating it elsewhere, protecting
similar environmental resources located elsewhere, or
recording site information through documentation or
data recovery.

MOBILE 5b. Emission factor model to determine
vehicle emissions.

Multi-jurisdictional agreement. An agreement
between the lowa DOT and another state, or the
lowa DOT and a city.

Multimodal alternative. The consideration of
alternative modes of transportation such as mass and
rapid transit as well as nonmotorized vehicles.

Glossary XXXV



National Flood Insurance Program (NFIP). An
office of the Federal Emergency Management Agency
responsible for the program that maintains and
publishes flood insurance rate maps.

National Historic Landmark. This is a special
category for an eligible property so designated by
the Secretary of the Interior because of its national
importance in American history, architecture,
archaeology, engineering, or culture. The Section 106
process affords special protection of such landmarks.

National Priorities List. A list of seriously
contaminated sites across the country slated for
cleanup under CERCLA or EPA enforcement action.

National Register of Historic Places (NRHP or
National Register). The National Park Service, on
behalf of the Secretary of the Interior, administers the
National Register. Register listings include buildings,
structures, sites objects, and districts of historic
architectural, engineering, archaeological, or cultural
significance. Properties listed are not limited to those
of national significance; most listed properties are
significant at the state or local level.

National Resources Conservation Service (NRCS)
field office. Office that is the contact point regarding
Farmland Protection Policy Act issues and Form
AD-1006 for the county within which a project is
located; each county has a field office.

National Rivers Inventory. A listing of potential
“candidates” for the Wild and Scenic Rivers
designation. Listing indicates that a study for
inclusion on the Wild and Scenic Rivers list is
deemed appropriate.

National Wetland Inventory (NWI). A nationwide
remote-sensing effort conducted in the early 1980s
to assess wetland locations. The results of this effort
are published as overlays with estimated wetland
boundaries on 7.5-minute U.S. Geological Survey
topographic maps. The definition of wetlands
according to the NWI is not the same as the
definition used in ground surveys, although there is
some overlap.
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Neutral chroma matrix. A soil (or soil ped) in which
most of the soil surface or volume has a chroma

less than or equal to 1. Generally associated with
soils that are saturated and anaerobic for part of the
growing season.

New alignment. The provision of a new roadway,
or the improvement of an existing roadway which
would place the roadway at a new location.

No-Build Alternative. NEPA requires the
consideration of no action as an alternative as a
useful comparison base for action alternatives.

No feasible and prudent alternative. If Section

4(D) land must be used in a project, it must be
demonstrated that there is no feasible and prudent
alternative to the use of the land. Alternatives must
attempt to avoid Section 4(f) land and supporting
information must demonstrate unique problems with
such alternatives in order to state that no feasible
and prudent alternative exists. Adverse factors such
as environmental impacts, safety and geometric
problems, decreased traffic service, increased costs,
and any other factors may be considered individually
or collectively in the determination.

Noise abatement criteria. Noise level, depending
upon land-use type, at which lowa DOT must
consider noise abatement.

Noise sensitive receiver. Any property (owner
occupied, rented, or leased) where frequent exterior
human use occurs and where a lowered noise level
would be of benefit. In those situations where there
are no exterior activities to be affected by the traffic
noise, the interior of the building shall be used to
identify a noise sensitive receiver.

Nonpoint source pollution. Pollution from sources
that are diffused which does not have any single point
of origin or discharge, such as pollutants generally
carried off land by runoff. (EPA, Terms of Environment)

Notice of Availability (NOA). A notice that
indicates that an environmental document is ready
for public and agency review.
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Notice of Intent (NOI). A document that states that
an environmental impact statement will be prepared,
describing the proposed action, possible alternatives,
a proposal for developing scope, including whether,
when, and where any scoping meeting will take
place, and contact information for the agency that
can answer questions regarding the project and its
associated environmental impact statement.

Obligated funds. Funds that the federal government
(FHWA) agrees to pay as its share of the cost for a
project eligible for the federal-aid highway program.

100-year floodplain. The area covered by a flood
having a 1 percent chance of occurring in any given
year. The 100-year floodplain is officially designated
on Flood Insurance Rate Maps.

Onsite wetland mitigation. The creation,
restoration, or enhancement of wetlands within or
adjacent to the project site.

Organic soil. A substrate (hydric by definition)
very high in partially decomposed plant fibers.
Mucks are organic soils with a high amount of plant
decomposition; peats are organic soils with a low
amount of plant decomposition.

Outstandingly remarkable values (ORV). An
eligibility criterion intended to establish minimum
thresholds in evaluating river segments for the
Wild and Scenic Rivers system and the National
Rivers Inventory. The criterion is not all-inclusive
and may be modified to provide a more meaningful
comparison of the values.

Planned, designed, and programmed property.
Planned, designed, and programmed property must
be evaluated in the noise analysis. Development

will be deemed to be planned, designed, and
programmed if a proposed noise-sensitive land
use—a residence, school, church, hospital, library,
etc.—has received a building permit from the local
agency with jurisdiction for each building at the time
of the noise analysis.

Planning study. The process of undertaking analyses
for either a feasibility study or a location study.
Planning studies pertain to large or complicated
projects on which initial planning activities are

under way, or for which planning activities will be
initiated. Several years typically are needed to develop
a complicated or large highway construction project.
The time is needed to accomplish the necessary
location and concept planning studies, environmental
studies, archaeological research, preliminary

and final design plan development, right-of-way
acquisition, and actual project construction. The lowa
Transportation Improvement Program often does not
provide enough time to include all the developmental
steps required for a large project; therefore, projects are
identified as planning studies until they are sufficiently
developed for consideration for the Program.

Pollutant. Any substance introduced to the
environment that adversely affects the usefulness
of a resource or the health of humans, animals or
ecosystems (EPA, Terms of Environment).

Potentially responsible party (PRP). A party
(persons, companies, agencies, or municipalities)
identified by the EPA or any other agency as
potentially liable for cleanup costs associated with
environmental contamination. Such parties may
be generators, past or present owners/operators of
facilities or real property, or transporters having
accepted waste and selected the disposal facility.

Prime farmland. Land that has best combination of
physical and chemical characteristics for producing
food, feed, fiber, forage, oilseed, and other agricultural
crops with minimum inputs of fuel, fertilizer,
pesticides, and labor, and without intolerable soil
erosion, as determined by the Secretary of Agriculture.
Prime farmland includes land that possesses the above
characteristics but is being used to produce livestock
and timber. It does not include land already in or
committed to urban development or water storage

(7 U.S.C. 4201[c][1][AD.

Principal systems. Arterial roadways that connect
major municipalities and provide statewide or
interstate travel.
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Programmatic agreement (PA). A document that
records the terms and conditions agreed upon to
resolve the potential adverse effects of a federal
agency program, complex undertaking, or other
situations in accordance with Section 800.14(b).
Procedures for developing a PA are in 36 CFR
800.13. The PA signed by the consulting parties.

Proposed action. A proposed transportation project
that requires federal funding and subsequent
environmental document.

Protected species. A species listed on the federal
or state lists of endangered and threatened wildlife
and plant.

Public comment period. The time allowed for the
public to express its views and concerns regarding a
proposed project or environmental document

(e.g., a draft environmental impact statement).

Public hearing. A statutory meeting where

Towa DOT officials hear the public’s views and
concerns about a proposed project. A public hearing
is conducted for a project with an environmental
impact statement, an environmental assessment,
and typically for a project where condemnation of
agricultural land is anticipated.

Public involvement plan. A document that
identifies the lowa DOT5 plan for soliciting public
and agency input.

Public meeting. A forum to solicit input from
or provide information to the public on a
proposed project.

Purpose and need statement. A declaration of the
purpose of the project and the needs the proposed
alternatives will rectify.

Q value. A volume of water flowing past a specific
point in a given period.

Real property. Generally refers to any interest in land.

Reasonable and feasible. With respect to noise
abatement, feasibility deals primarily with engineering
considerations; e.g., Can a barrier be built given the
topography of the location? Can substantial noise
reduction be achieved given certain access, drainage,
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safety, or maintenance requirements? Are other noise
sources present in the area? Reasonableness implies
that common sense and good judgment will be
applied in a decision related to noise abatement.

Reasonably foreseeable. Likely to occur in the
future, as evidenced by existing documentation,
such as planning documents and information from
planning officials.

Reconstruction. A project that entails the removal of
surface or structure and replacing it with new surface
or structure.

Record of Decision (ROD). A document prepared
after the final environmental impact statement that
describes the Selected Alternative and why it was
chosen, outlines mitigation measures that will be
integrated into the project, and describes what
Section 4(f) approval was received.

Redox concentration. A bright rust-colored mottle
caused by deposition of ferric iron, often found
within the rooting zone of wet, anaerobic soils.

Redox depletion. A dull gray-colored mottle caused by
the leaching of iron and other compounds, often found
within the rooting zone of wet, anaerobic soils. The gray
is the color of soil quartz after leaching occurs.

Regulated substance. As defined in part by lowa
Code 567-135.2(455B), an element, compound,
mixture, solution, or substance that, when released
into the environment, may present substantial danger
to the public health or welfare or to the environment.
Regulated substances include the following:

» Hazardous substances as defined in 40 CFR
302.4 (which includes asbestos, lead, and PCBs).

» Substances that exhibit the characteristics
identified in 40 CFR 261.20 through 261.24
and that are not excluded from regulation as a
hazardous waste under 40 CFR 261.4(b).

» Any substance defined in Section 101(14)
of CERCLA.

» Petroleum, including crude oil or any fraction
thereof that is liquid at standard conditions of
temperature and pressure (60 degrees Fahrenheit,
14.7 pounds per square inch absolute).
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» The term “regulated substance” includes but is
not limited to petroleum and petroleum-based
substances composed of a complex blend of
hydrocarbons derived from crude oil through
processes of separation, conversion, upgrading,
and finishing, such as motor fuels, jet fuels,
distillate fuel oils, residual fuel oils, lubricants,
petroleum solvents, and used oils.

» Potentially infectious medical waste, radioactive
substances, industrial process waste, pollution
control waste, potential asbestos-containing
materials, and soil or groundwater contaminated
with any of these substances.

Regulatory floodway. The channel of a water
course or bed of a water basin that carries and
stores floodwaters during a regional flood, e.g., the
100-year flood.

Rehabilitation. (a) The process of returning a
property to a state of utility, through repair or
alteration, which makes possible an efficient
contemporary use while preserving the features
of the property that are significant to its historic,
architectural, and cultural values. (36 CFR 67.2).
(b) An action that includes resurfacing or restoration,
new concrete barrier, improvement of an existing
structure, new traffic signals, new sign structures,
modification of access configuration, minor
widening, and noise barriers.

Release. Any spilling, leaking, pumping, pouring ,
emitting, emptying, discharging, injecting, escaping,
leaching, dumping, or disposing of a material into
the environment.

Residence. A building used as a home; the place
where one lives.

Right-of-way. Generally, a longitudinal strip of land
used for transportation purposes.

Scoping. The early process of deciding what
environmental issues will be explored. Intended to

prevent the accumulation of superfluous information.

Secretary’s guidelines. The Department of Interior’s
“Archaeology and Historic Preservation, Secretary
of the Interior’s Standards and Guidelines.” The

guidelines are not regulatory but are frequently cited
as a source for technical advice about archaeological
and historic preservation activities, methods, and
professional qualifications.

Section 106 process. A review of project impacts
established under Section 106 of the National
Historic Preservation Act and its implementing
regulations, 36 CFR Part 800.

Section 4(f). A special provision in the U.S. DOT Act
of 1966 (now codified at 49 USC 303, 23 USC 38)
that states special effort should be made to preserve
the natural beauty of the countryside and public
park and recreation lands, wildlife and waterfowl
refuges, and historic sites. Section 4(f) applies only

to federally funded transportation projects and only
if the park, recreation area, or waterfowl or wildlife
refuge is significant and publicly owned.

Section 6(f). The Land and Water Conservation
Fund Act of 1965 (LAWCON or L&WCEF) stipulates
that any land planned, developed or improved with
LAWCON funds cannot be converted to any use
other than outdoor recreation unless replacement
land of at least equal fair market value and reasonably
equivalent usefulness is provided. The Iowa
Department of Natural Resources is responsible for
oversight of Section 6(f) requirements. While often
linked with the Section 4(f) regulation, Section 6(f)
involvement may occur in the absence of Section 4(f)
involvement.

Section 7 consultation. The section of the
Endangered Species Act that requires all federal
agencies, in “consultation” with the U.S. Fish and
Wildlife Service, to ensure that their actions are
not likely to jeopardize the continued existence of
listed species or result in destruction or adverse
modification of critical habitat.

Selection committee. A committee appointed by the
division director that selects consultants with whom
to initiate negotiations (Iowa DOT PPM 300.12).

Sequencing. Determining the type of mitigation by
considering the measures from most desirable to
least: avoid, minimize, repair or restore, reduce over
time, and replace.
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Severance. A separation or division of a parcel of
land into two or more pieces.

Shrub strata (stratum). A layer of woody vegetation
with multiple stems less than 5 inches in diameter at
breast height and usually less than 20 feet high.

Significantly. The degree to which a project affects
the environment, such that it triggers the NEPA
documentation process. Consideration is given to
both context and intensity. Context refers to relative
impact on society as a whole, the affected region, the
affected interests, and the locality. Intensity refers to
the severity of the impact, taking the following into
consideration: both beneficial and adverse impacts,
the degree of impact on public health and safety, the
uniqueness of the geographic area, how controversial
the impact would be, the degree to which impact on
the human environment is uncertain or the risk is
unique or unknown, the likelihood that the project
would set a precedent for future projects, the degree
of environmental impact when combined with the
impact of other closely related projects, the degree
to which the project might affect the historical
significance of sites listed on or eligible for the
National Register of Historic Places or how much it
might decrease the significance of scientific, cultural
or historical resources, the degree to which federal
or state endangered or threatened species or their
associated habitats might be affected, and whether
state or local environmental protection regulations
may be threatened or violated.

Site. A location that would be converted by the
proposed action.

Soil ped. A single unit of soil structure.

Soil survey. A book published by the Natural
Resources Conservation Service that describes the
soil properties of all soil types for each county in
the U.S. Each county soil survey is available as a
hardcopy or as GIS layers.

Solid waste. Any garbage, refuse, sludge, and

other discarded material including solid, liquid,
semisolid, or contained gaseous material resulting
from industrial, commercial, mining, agricultural, or
community activities.

GLOSSARY

Special land use. Noise-sensitive land uses such as
schools, churches, and parks.

State endangered species. As applied to state-listed
species, the classification provided to an animal or
plant in danger of extinction within the foreseeable
future throughout all or a significant portion of its
range. Those species included on the state list may or
may not also be listed on the federal list.

State hazardous waste site. Any property listed
on the Registry of Hazardous Waste or Hazardous
Substance Disposal Sites as required by Iowa
Code section 455B.426 and defined in the Iowa
Administrative Code 567 Chapter 148.

State Historic Preservation Officer (SHPO). The
officer or office in each state or territory, appointed
by the Governor, responsible for consulting with
federal agencies during the Section 106 process.

In Towa, the State Historical Society of lowa acts as
the SHPO. A SHPO reflects the interest of the state
and its citizens in the preservation of their cultural
heritage and helps FHWA identify those persons
interested in a project and its effects upon eligible
properties. A SHPO also maintains data on historic
buildings, structures, and archaeological sites.

State special concern species. In addition to the
state list of threatened and endangered species, the
Towa Department of Natural Resources also maintains
a list of “special concern “species that it is currently
monitoring throughout the state. Those species are
provided no regulatory protection in the state, but
avoiding impacts to them is strongly encouraged .

State threatened species. As applied to state-listed
species, the classification provided to an animal

or plant likely to become endangered within the
foreseeable future throughout all or a significant part
of its range.

State Transportation Improvement Program
(STIP). A compilation of TIPs from Iowa’s nine
Metropolitan Planning Organizations, 18 Regional
Planning Affiliations, and the Department.

Stormwater. Stormwater runoff, snowmelt runoff,
and surface runoff and drainage (EPA).
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Study rivers. A stretch of river being evaluated

for potential designation in the National Wild and
Scenic Rivers System. Such designations are based
on “outstandingly remarkable values,” such as scenic
beauty, biological diversity, geological formations,
and recreational opportunities.

Study. The word study, where used in this manual,
refers to the act of conducting a study rather than
to the written summary of that work, which will
generally be referred to as a report.

Substantial noise increase. This is an increase of
10 or more decibels above the existing noise level
as a direct result of the transportation improvement
project in question.

Substantial noise reduction. This is an effort to
reduce traffic noise impacts at benefited receivers by
8 to 10 dBA, if possible, with a minimal acceptable
level of reduction at no less than 5 dBA.

Supplemental Environmental Impact Statement
(SEIS). A document that is written either because
new developments have arisen in the project process
or a long time has passed since the initial EIS.

Only pertinent new information is discussed in the
SEIS; existing information contained in the EIS is
referenced as necessary.

Surface water. All water naturally open to the
atmosphere, such as rivers, lakes, reservoirs, ponds,
wetlands, and streams. (EPA, Terms of Environment)

Survey. Fieldwork and literature search conducted
to identify properties of architectural, historical,

or archaeological interest that may be affected by

a project. Surveys should be completed under

the guidance of a principal investigator who

meets the Department of Interior’s professional
qualification standards.

SYNCHRO. Traffic model used to simulate traffic
conditions at intersections.

Tax base. The amount on which a tax rate is applied
(Department of Finance in Canada, Glossary).

Tax rate. The percentage derived by dividing the
levy for a fund by the assessed value (Illinois DOT,
Socio-Economic Impact Assessment Manual).

tax revenues. Amounts collected by the state and
local taxing authorities. These revenues become

tax expenditures. Categories of tax revenues

include both property tax and sales tax (Illinois
Department of Transportation, Socio-Economic Impact
Assessment Manual).

Taxing body. A group or entity that levies a tax.

Tiering. A system of preparing multiple
environmental documents, the first of which
discusses the environmental impacts on a broad
scale, while the others focus on more specific
environmental impacts.

Total maximum daily load (TMDL). The maximum
amount of a pollutant that can be discharged into

a water segment by all sources without violating a
water quality standard. (EPA, Terms of Environment).

Traffic noise impacts. Impacts that occur when the
predicted traffic noise levels approach or exceed the
noise abatement criteria, or when the predicted traffic
noise levels substantially exceed existing noise levels.

Transportation Improvement Program (TIP).

A staged, multiyear, intermodal program of
transportation projects that is consistent with the long-
range transportation plan. The Department and each of
lowa’s nine Metropolitan Planning Organizations and
18 Regional Planning Affiliations develop their own
TIPs, which typically covers a 3- to 5-year time period.

Transportation system management (TSM)
alternative. The consideration given to maximizing
and optimizing the efficiency of the present roadway.
This is a minimal construction option that is usually
considered in a highly urbanized area.

Transverse impacts (encroachment). A road
crossing at 30 to 90 degrees with respect to the edge
of a floodplain; example: a roadway perpendicular to
the edge of a 100-year floodplain.

Tree strata (stratum). A layer of woody vegetation
with stems greater than 5 inches in diameter at breast
height and usually greater than 20 feet high.

Type I projects (Noise). A proposed federal aid
or state-funded project for the construction of a
highway on new location, or the physical alteration
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of an existing highway that significantly changes
either the horizontal or vertical alignment or
increases the number of through-traffic lanes.

Type II projects (Noise). A proposed federal aid
or state funded highway project for noise abatement
on an existing highway, commonly referred to as
retrofit projects.

Underground storage tank (UST). Any one tank

or combination of tanks (including underground
pipes connected thereto) that is used to contain

an accumulation of regulated substances, and

the volume of which (including the volume of
underground pipes connected thereto) is 10 percent
or more beneath the surface of the ground, excluding
specific systems described under the definition

of UST in lowa Administrative Code Chapter
135.2(455B).

Undertaking. A project, activity, or program

funded in whole or in part under direct or indirect
jurisdiction of a federal agency, including those
carried out by or on behalf of a federal agency; those
carried out with federal financial assistance; those
requiring a federal permit, license or approval; and
those subject to state or local regulation administered
pursuant to a delegation or approval by a federal
agency (36 CFR Part 800.16[y]).

Unfarmable parcel. Piece of land that cannot be
farmed owing to limiting factors of either natural
conditions (e.g., wetlands) or man-made conditions
(e.g., diagonal severances).

Unique farmland. Land other than prime farmland
that is used for the production of specific high-value
food and fiber crops, as determined by the Secretary
of Agriculture. It has the special combination of

soil quality, location, growing season, and moisture
supply needed to economically produce sustained
high quality or high yields of specific crops when
treated and managed according to acceptable farming
methods. Examples of such crops include citrus, tree
nuts, olives, cranberries, fruits, and vegetables

(7 USC 4201 [c][1][B]).

GLOSSARY

Urban development/water storage. Land that
meets any one the following criteria is considered
committed to urban development or water storage,
as per 7 CFR 658.2(a):

» Land with a density of 30 structures or more per
40-acre area.

» Land identified as “urbanized area” on the
Census Bureau Map.

» Land mapped as an urban area using the tint-
overprint on the USGS topographical maps.

» Land shown as “urban-built-up” on USDA
Important Farmland Maps.

» Land that receives a combined score of 160
points or less for the Land Evaluation (Part V)
and Site Assessment (Part VI) criteria on the
Farmland Conversion Impact Rating form.

Use of land. A “use” of land occurs when:

» Land from a Section 4(f) site is acquired for a
transportation project,

» There is an occupancy of land that is adverse in
terms of the statute’s preservationist purposes, or

»  When proximity impacts of a transportation project
on Section 4(f) sites, without acquisition of land,
are so great that the purpose for which Section
4() sites exist are substantially impaired (normally
referred to by courts as a constructive use).

Visual element. A particular feature of the
visual quality.

Visual function. An element of a transportation
project designed and experienced primarily from

a visual perspective that may include positive
guidance and navigation, distraction screening,
corridor continuity, roadway and adjacent-property
buffering, and scenic-view preservation (Washington
Department of Transportation Environmental
Procedures Manual).

Visual quality. The character of the landscape that
generally gives visual value to a setting (Washington
Department of Transportation Environmental
Procedures Manual).

xlii Glossary



GLOSSARY

Waters of the United States. In general terms, all
waters currently used, or were used, in interstate

or foreign commerce, including all interstate and
intrastate waters such as lakes, rivers, streams, and
wetlands. A more detailed definition of waters of the
United States can be found under federal regulation
33 CFR Part 328.

Wellhead protection area. The protected surface
and subsurface zone surrounding a well or well
field supplying a public water system to keep
contaminants from reaching the well water (EPA,
Terms of Environment).

Wetland (W). As defined in The 1987 Corps of
Engineers Wetland Delineation Manual, “areas that are
inundated or saturated by surface or groundwater

at a frequency and duration sufficient to support,
and that under normal circumstances do support, a
prevalence of vegetation typically adapted for life in
saturated soil conditions. Wetlands generally include
swamps, marshes, bogs and similar areas.”

Wetland delineation. The process of determining
the boundary of a wetland in a specific location.
The process is defined in The 1987 Corps of Engineers
Wetland Delineation Manual.

Wetland functional assessment. A qualitative
or quantitative process by which the capacity of a
wetland to provide services is evaluated.

Wetland functions and values. Wetland functions are
services that a wetland provides regardless of human
awareness of them. Wetland values include the goods
and services that come from wetlands and riparian
areas that benefit humans or human society (Iowa
Wetlands and Riparian Areas Conservation Plan).

Wetland hydrology. Inundation or saturation
conditions for a significant contiguous period during
the growing season, about 2 weeks in Iowa.

Wetland mitigation bank. A location created,
restored, enhanced, or preserved as a functioning
wetland or wetland complex that can be later used

as compensatory mitigation for unavoidable wetland
effects associated with authorized development that
occurs within an agreed upon vicinity, or service area,
of the mitigation bank.

Wetland mitigation. An action performed to
compensate for wetlands lost due to construction,
by restoring, creating, or enhancing wetlands in
another location.

Zoning map. A map that depicts the various sections
of a community and divides the sections into zones
of land uses permitted under the zoning ordinance
(Dictionary of Real Estate Appraisal).
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PART I - Introduction and Project Management

lowa DOT and the Project Development Process

CHAPTER 1

1.1 Introduction

This manual captures the experience of practitioners in the lowa
Department of Transportation’s (lowa DOT%) Office of Location and
Environment (OLE). It also documents the need for coordinated project
development efforts during the highway project planning, or location
study phase and engineering design. The location study phase establishes:

» The definition of, and need for, the highway improvement project

» The range of alternatives and many key attributes of the
project’s design

» The recommended alternative, its impacts, and the agreed-to
conditions for project approval

The location study process involves developing engineering alternatives,
collecting engineering and environmental data, and completing design
refinements to accomplish functional designs. The items above also
embody the basic content required for projects compliant with the
National Environmental Policy Act (NEPA) of 1969, which directs
federal agencies to use a systematic, interdisciplinary approach during
the planning process whenever proposed actions (or “projects”) have

the potential for environmental impacts. In doing so, NEPA requires
coordination with stakeholders, review, comment, and public disclosure.

Are location studies and environmental studies more about the process or
the documents? If properly conducted, they concern both—unbiased and
reasonable processes with quality and timely documents. In essence, every
project is a story that needs to be told. Engineering and environmental
regulations and guidance, as documented in this manual, will help project
staff and managers become better storytellers.

1.2 Purpose and Organization of the OLE Manual

This manual is designed for use by lowa DOT project managers, staff,
and consultants working in similar roles. It will help project management
teams to:

» Communicate effectively within Iowa DOT and with outside agencies
and the general public during the planning and functional design
phases of the project development process

» Develop alternatives and conduct related engineering studies
according to the standards and procedures essential to the location
study process

142 USC 4321-4347; and CEQ regulations at 40 CFR 1500.

1.1 Introduction

1.2  Purpose and Organization
of the OLE Manual

1.3  Project Development
Terms Commonly Used in
this Manual

1.4 The Project Development
Process

1.5 Other Resource Material
and Related Processes

In essence, every project
is a story that needs to
be told. Engineering and
environmental regulations and
guidance, as documented in
this manual, will help project
staff and managers become
better storytellers.
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» Execute project work more effectively, with
consistent procedures and products compliant
with NEPA and other environmental regulations,
while being responsive to project issues and
public input

» Deliver quality projects to customers—the
traveling public, local communities, and
resource/regulatory agencies

The prerequisites for effective use of this manual
include some level of relevant technical training

or experience and the ability to access additional
referenced information, including the cited
regulations, legislation, and other guidances. As
noted in the introduction, this manual focuses on
coordinating and conducting both engineering and
environmental analyses during the location study
phase of the highway project development process.
Exhibit 1-1 is representative of how the OLE Manual

The prerequisites for effective use
of this manual include some level
of relevant technical training or
experience and the ability to access
additional referenced information,
including the cited regulations.

CHAPTER 1

fits into that overall process, with reference to some
of the other Towa DOT guidance documents and
manuals. The “Other Resource Materials” discussion
at the end of this chapter provides brief descriptions
of other lowa DOT guidance.

This manual is organized into six parts:

» Part I Introduction and Project Management
provides an overview of the OLE Manual and
how it relates to other lowa DOT guidance
documents. Chapter 2 in this Part also provides
information on contract management for projects
managed by OLE stalff.

» Part II: Location Studies discusses the
engineering analyses and documentation
required for location studies. This
includes chapters on data collection,
alternatives development and evaluation,
computer-aided drafting (CAD) practices, and
corridor management.

» Part III: Environmental Documentation
and Special Analyses provides details on
environmental documentation, agency
coordination, Section 4(f) regulations,
assessment of indirect and cumulative impacts,
and mitigation.

Exhibit 1-1

How the OLE Manual fits into the project development process compared to other lowa DOT manuals

Planning

Office Of Location And Environment Manual

FHWA lowa Division Office Environmental
Procedures Manual

Can-Do Manual

Design

Construction

Pl Activities Overlap
Design Manual

Local Systems Project Development Packet

Note: Design Hearings, Public Information Meetings,
and 6B Hearings Addressed in Part V

Office of Design Manual

Office of Construction Manual
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» Part IV: Resource Studies details how to evaluate
environmental resource impacts, including natural

resources (such as wetlands, water features, plants,

and animals) socioeconomic resources, air quality,
noise, agricultural lands, regulated materials,
public lands, and cultural resources.

» Part V: Public Involvement documents Iowa DOT

requirements for public involvement, developing
an administrative record, and responding to
Freedom of Information Act Requests.

» Part VI: Geographic Information Systems
(GIS) includes data management methods
and data sources for GIS and outlines tools
for coordinating GIS mapping with other
information resources.

This manual also includes
an appendix containing
materials referenced in
the chapters. Items in the
appendix are numbered
the same as the chapter
to which they relate

(e.g., Appendix item 14a
contains materials from
Chapter 14). Copies of
many of the regulations and guidance documents
noted at the beginning of each chapter are also
included. They are located in a separate folder within
the appendix.

This manual should be used in conjunction with
Towa DOT’s Can-Do Manual, the Federal Highway
Administration’s (FHWASs) lowa Division Office
Environmental Document Procedures Manual, the
Iowa DOT Design Manual, and other guidance
documents as described in Section 1.5.

1.3 Project Development Terms
Commonly Used in this Manual

Where appropriate, technical terms and concepts
are introduced and defined throughout the chapters
of this manual. Several of these terms are critical to
understanding the Iowa DOT project development
process. The following are key terms used in this
chapter and throughout the manual:

CHAPTER 1

»

This manual should be used in
conjunction with the lowa DOT’s
Can-Do Manual, the FHWA'’s lowa
Division Office Environmental
Document Procedures Manual,
and other guidance documents, as
described in Section 1.5.

Iowa DOT Office of Location and Environment
(OLE)—This lowa DOT office consists of
several sections, including: Location Studies,
NEPA Compliance, Regulated Materials, Water
Resources, Threatened and Endangered Species,
Public Involvement, and Cultural Resources.
OLE is responsible for developing projects
through location approval by the FHWA,
reviewing local systems projects, and providing
continuing support on environmental issues as
projects move through design and construction.

Project Management Team (PMT)—A
multidisciplinary team assembled to guide a
project concept from early planning through
design and letting, and
possibly into construction.
The PMT is responsible for
setting and then maintaining
the project production
schedule, with the goal of
letting the project on time
and on budget. The PMT
also identifies needed project
resources and works with
office directors to schedule
those resources when
needed. A PMT includes representatives from the
Offices of Design, Location and Environment, and
Right-of-Way; the lowa DOT District staff; the
FHWA; and possibly other resources needed to
provide additional project management expertise.

Location Studies—Location studies are engineering
analyses that establish the engineering limits and
preliminary design concepts for a transportation
improvement, including assessment of reasonable
alternatives. These analyses are typically
documented in engineering reports and functional
plan drawings.

National Environmental Policy Act (NEPA)—
NEPA was enacted in 1969 and has since been
a foundation of U.S. environmental policy.”

It directs federal agencies to use a systematic,
interdisciplinary approach during the planning
process whenever a proposed action has a
potential environmental impact.

2 42 USC 4321-4347; and CEQ regulations at 40 CFR 1500
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» NEPA Documents or “Environmental Documents”™—
NEPA documents are the written records of the
project decision-making process, analysis of
impacts, and regulatory reviews and approvals.

»  Section 4()—Section 4(f) of the 1966 Department
of Transportation Act 3 protects publicly owned
parks, recreation areas, historic sites, and
wildlife or waterfowl refuges from conversion to
transportation use.

» FHWA Technical Advisory T6640.8A—The 1987
FHWA Technical Advisory (TA T6640.8A)
is a fundamental federal guidance document
for NEPA implementation, providing overall
procedures for completing environmental
documents and Section 4(f) Evaluations in
compliance with Council on Environmental
Quality (CEQ), NEPA, and related FHWA
regulations. It is included within the FHWA
lIowa Division Office Environmental Document
Procedures Manual and is frequently referenced
throughout this manual.

1.4 The Project Development Process

This section provides a brief overview of the project
development process and an introduction to OLE, its
organization, and its function within lIowa DOT.

As noted, OLE is
organized into several =~ Location studies have
sometimes been
thought of as separate
from environmental
studies, but a complete
and successful project
development cycle
requires that these

analyses be integrated.

sections, including
the Location Section
(which manages

the engineering
functions of location
studies), the NEPA
Compliance Section,
and several sections
that manage
resources studies .
Some consider the
engineering and
environmental functions to be separate actions, but a
complete and successful project development cycle

¥ In January 1983, as part of an overall recodification of the DOT Act, Section 4(f) was
amended and codified in 49 USC, Section 303. The regulation is more commonly
known as "Section 4(f)."

CHAPTER 1

requires effective integration of these specialties.

A principal purpose of this manual is to help

Iowa DOT project managers and other specialists
work together effectively, by merging and integrating
project location and environmental study efforts. This
integration is important for the following reasons:

» Location study preliminary engineering designs
cannot be completed in a NEPA-compliant
manner without early consideration of the
project area’s environmental features. Many
projects undertaken by Iowa DOT are subject
to the requirements of NEPA because they
use federal funds or require a federal action.
NEPA-related regulations require that project
alternatives be developed to avoid impacts to
some resources (such as wetlands, cultural
resources, and public parks), and to minimize
those impacts when avoidance is not possible.
Developing alternatives that achieve this goal
requires effective coordination between the
engineering and environmental functions to
understand and document the engineering
factors and the environmental considerations and
how they enable or limit each other. Through
such coordination, the project development
process ensures a balanced consideration of
engineering principles and environmental issues.

» Preparation of thorough, quality NEPA
documentation requires an understanding
of the engineering options and decisions
that determine the project’s impacts upon
resources. A NEPA document is fundamentally a
disclosure document that supports the decision
made concerning the proposed action. The
information in a NEPA document may become
the basis for legal challenges to projects. For
a NEPA document to be a complete record of
the decision-making on a project, the OLE
engineering and environmental staff must
communicate well and share knowledge,
options, and observations about the constraints
and opportunities presented by each project and
its alternatives.
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CHAPTER 1

The project development process is a complex

system of decision-making in its actual practice. It

will vary some from project to project, based on the

circumstances of the individual project. There are,

however, some basic elements that are

involved in each project:

»

Identification of a Proposed
Action—A project begins

» Development of Alternatives—Developing a
project typically requires looking at a range of
alternatives to determine the best choice for the
traveling public and the surrounding area. For

a location study, the study team develops a
suitable range of alternatives for the study
area using such data as traffic forecasts,
condition information, and
crash histories as the basis for

by identifying the need A principal purpose of this design. For complex projects
for action. Projects manual is to help project involving a NEPA study, it
may be identified managers and teams work is critical to have a credible
through condition effectively together, through process that identifies a range of
Solirljreiésgipjgzzteiz;s a merging and integration of alternatives early and to provide
for example). throu h project location study and documented justifications for
ple), g eliminating alternatives based
observations of NEPA study efforts.

insufficient capacity on

a roadway, or from crash
histories. Some projects may be
identified through the legislative
process or by elected officials.

Collection and Analysis of Engineering Data—
Engineering data collected includes information
such as current and projected traffic volumes,
accident data, and pavement conditions. Raw
data is analyzed to document existing or future
transportation needs and to define the criteria
against which alternatives will be judged.

Collection of Environmental Data—Environmental
resources potentially present in the study area
should be identified based on published data and
field surveys. The conditions in the general project
area must be documented, with emphasis on the
most relevant resources. The level of detail and
bulk of such information should correspond to the
magnitude of the proposed action and resulting
potential impacts. The data will be used to help
shape the alternatives development process.

Definition of the Purpose and Need for Action—If
a project requires the preparation of a NEPA
document, a statement of the purpose and need
for action must be developed. This is a concise
statement of general project goals (the purpose),
and discussion of the underlying issues that
make the project necessary (the need).

on their technical merits and
potential impacts. The analysis
of alternatives, more than any other
part of project development, requires
the integrated work of both engineering and
environmental staff.

» Determination of Impacts—As alternatives
are developed, the potential impacts of each
alternative should be calculated. Opportunities to
avoid or minimize impacts should be identified,
possibly resulting in the refinement of the
alternative. This iterative process is fundamental
to balancing the engineering and environmental
performance of transportation improvements.

»  Conducting Coordination and Outreach—Rather
than representing a specific, singular function,
public involvement and agency coordination
should be woven throughout the project
development process. Opportunities should be
provided for the public and agencies with an
interest in the project to view information about
the project and provide feedback.

When reviewing the elements of the project
development process, it is important to consider
that the level of effort associated with each element
is tied directly to the type of project under study.

In other words, these elements are scalable. A
project involving installation of traffic signals at an
existing intersection will require less data gathering,
the examination of fewer alternatives, and less
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outreach than a project

involving the study of For complex projects

involving a NEPA
study, it is critical
to have a credible
process that identifies
a range of alternatives
early and to provide
documented
justifications for
eliminating some.

a new roadway on new
alignment. Therefore,
the elements discussed
above are applicable for
all projects but require
a varying level of effort
to address.

The remainder of this
manual is devoted to
explaining the details
of these elements and
the proper manner to
document consideration of them.

1.5 Other Resource Material and
Related Processes

Besides this manual, there are several other

Towa DOT references of which the reader should
be aware. Although there are references to many of
these documents throughout this manual, it is the
reader’s responsibility to identify which apply to his
or her project.

» Can-Do Manual—The Iowa DOT’s Can-Do
project development process was created to
streamline and expedite the development of
lowa DOT projects from concept to contract.
Like this manual, it promotes an integrated
project-team-oriented work process. The Can-Do
process uses concurrent planning and design
to minimize linear sequencing and shorten
schedules. It uses Project Management Teams
(PMTs) that consist of representatives from the
Towa Offices of Design; OLE; and Right-of-Way,
Bridges, and Structures as well as the FHWA.
The purpose of PMTs is to identify issues early
in the process, to develop solutions tailored to
individual project needs, to provide continuous
guidance and ownership, and to identify and
schedule needed project resources.

» FHWA Iowa Division Office Environmental Document
Procedures Manual— The FHWASs lowa Division
manual supplements FHWASs overall NEPA

CHAPTER 1

guidance with lowa-specific information and
example documentation and regulations. Much
of its content is referenced herein. It contains
the complete FHWA TA T6640.8A and copies
of applicable regulations, such as Protection of
Historic Properties, 36 CFR Part 800. The major
topic areas include the following:

—  Opverall process guidance, such as notices
of intent/availability, cooperating agencies,
Environmental Impact Statement (EIS)
scoping, and document-review checklists

—  Programmatic processing of Categorical
Exclusions (CEs)

—  Section 4(f) and Section 106 (historic/
archaeological resources) considerations

— FHWA Iowa Division organizational and
contact information

Office of Local Systems Local Projects Guidance
Manual—This packet provides flowcharts and
other guidance on how to develop local systems
projects—that is, roadway projects other than
lowa’s primary system of federal- and state-
funded highways.

Financial Plan Guidance Document—FHWA
regulations require the preparation of a financial
plan for projects with a sufficiently high
construction cost. This stand-alone guidance
documents Iowa DOT’s procedures for preparing
and reviewing financial plans.

Iowa DOT Access Management Policy—lowa DOT’s
Access Management Policy contains regulations
for controlling access to the Iowa DOT roadway
system. It provides guidance for determining

the priority of access control that should be
applied to roadways and criteria for determining
the frequency for which interruptions to access
control will be allowed.

Process for New or Revised Interstate Access

in Iowa—This publication of the lowa DOT
provides guidance for studying new or altered
access to the Interstate system in Iowa, including
the preparation of interchange justification
reports. Also related to this topic is Towa DOT
Policy 500.15.
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PART I - Introduction and Project Management

Project Management

This chapter provides information for Project Managers on how to
manage consultant contracts. It contains a brief overview on contracting,
contract administration, scope of services and contract cost development,
and development of multijurisdictional agreements. This section should
be used in conjunction with the Office of Location and Environments
(OLE) Consultant Selection and Contract Administration Document and
lowa DOT’ Policies and Procedures Manual (PPM).

2.1 Initial Project Setup

2.1.1 Obtaining a Project Number

When a new project is initiated by OLE, including OLE developed corridor
preservation projects, the assigned Project Manager should obtain a project
number for the study. The steps in this process are as follows:

1. Obtain a project number from the Office of Contracts.

2. Contact Information Technology to assign a Planning Study number
(P number) and create a project record in Project Scheduling System.

3. After assigning a P number, Information Technology coordinates

with other staff within Information Technology to establish a project
directory on the Towa Department of Transportation (DOT) network.

2.1.2 Accounts Payable Screen

If the project will involve the use of outside services, the Accounts Payable
Screen will need to be set up for the project. The OLE administrative
assistant will assist in setting up the Accounts Payable Screen.

2.2 Scope of Services and Contract Cost Development

2.2.1 Policies and Procedures Manual

Towa DOT has policies that cover the contracting process for consulting
services. The policies can be found in the Policies and Procedures Manual.
Where policy applies to the topics discussed in this chapter, reference is
made to the policy; no attempt is made to reinterpret the policy. Table 2-1
lists the applicable policies to which the Iowa DOT Project Manager should
refer when working on a consultant project. The policies in the Policies and
Procedures Manual cross-reference other related policies. The cross-referenced
policies are not mentioned in this manual. Exhibits 2-1, 2-2, and 2-3 are
flowcharts depicting the consultant, request for proposal selection, and
scope and budget processes.

CHAPTER 2

2.1 Initial Project Setup

2.2 Scope of Services and
Contract Cost Development

2.3 Federal Authorization of
Funding

2.4 Staff Action

2.5 Contract Administration

2.6 Project Leadership

2.7 Scheduling

2.8 Advisory Committee

2.9 Multijurisdictional
Agreements

This chapter provides
information for Project

Managers on how to manage

consultant contracts.
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2.2.2 Consultant Selection

Request for Outside Services Letter

The consultant selection process involves several
steps that begin with obtaining approval to seek
outside services. The administering office prepares
the Request for Outside Services letter and sends it to
the Division Director for approval. Format guidelines
for the letter are included in Policy No. 300.12.

Prequalification Requirements

The consultant prequalification process is covered in
Policy No. 300.04 and shown in Exhibit 2-1.

The consultant is responsible for completing the
prequalification paperwork and submitting it to
Iowa DOT for approval and renewal. The Consultant
Coordinator within the Highway Division maintains
a list of prequalified consultants and is responsible
for updating prequalification information. The
consultant will update the prequalification
information using the link: http://www.prof-tech-
consultant.dot.state.ia.us/. The prequalification
information can be found on the webpage under
“Prequalification for lowa DOT Work.” The page lists
firms prequalified in each prequalification category.

The Selection Committee will evaluate the
prequalification requirements in relation to project
needs when preparing the request for proposal
(RFP) for the project and will list the required
prequalification categories in the RFP. Depending

Table 2-1
Applicable Policies

CHAPTER 2

on the complexity of the work, the consultant team
may be required to be prequalified in more than one
category, or provide prequalified subconsultants.

Disadvantaged Business Enterprises

Iowa DOT works to ensure that disadvantaged
business enterprises (DBE) have opportunities to
obtain Iowa DOT contracts for professional and
technical services. The following webpages contain
information about lowa DOT'’s DBE policies and
provide links to the latest directory of DBE firms:

» http//www.dot.state.ia.us.

» http//www.ia.bidx.com.

Requests for Proposals and Pre-RFP Conferences

A Consultant Selection Committee will be established
for contracts involving a request for proposals. The
consultant selection process, including the procedures
for assembling a selection committee, is covered in
PPM 300.12 and in Exhibit 2-2. The committee will
prepare the RFP for the project. The process to prepare
and execute the RFP is discussed in PPM 300.12.

A pre-RFP conference may be conducted before the
proposal submittal date for large, complex projects.

In coordination with the District, OLE will schedule
the conference date and make the arrangements. The
Selection Committee will indicate in the RFP where
and when the conference will be held. The conference
should provide additional information about the
project not already covered in the RFP. The conference

Title Policy No. Content

Approval of items of department business 300.02 Establishes accountability for the final approval of important items of
department business. Staff actions.

Prequalification of architectural, engineering, and 300.04 Establishes procedures for reviewing and evaluating the qualifications of

related professional and technical firms consulting firms.

Negotiated contracts for architectural, engineering, 300.12 Provides guidance and direction in the administration of consultant

and related professional and technical services contracts. Includes guidance on requests for outside services,
consultant selection, negotiation and development of contract, preaudit,
contract legal review, and staff actions.

Disadvantaged business enterprise participation 300.18 Establishes procedures for disadvantaged business enterprises in
federal-aid highway contracting opportunities.
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Exhibit 2-1
Consultant Process Overview

Overview Interdependency of Consultant Usage and Federal-Aid to Highways

Determine
Source or
Potential Source
of Funding

y

Participating
(Use Federal-Aid)

A 4

Non-Participating
(State Only Funding)

{

Full Federal Oversight
(Interstate)
23 U.S.C. 106 &
Stewardship Agreement

State Administered
(Non-Interstate)

State
Administered

FHWA must concur that DOT

followed the Brooks Act* and ﬁ) preliminary interaction with FHWA

PPM 300.12 [23 CFR 172.9(2)] required until a PMT is established.
' ' However, for use on an existing

Statewide contract or for a Project
Specific RFP:
- Project Manager to verify with OLE’s

Consultant Coordinator that either:

* FHWA has concurred that DOT
followed the Brooks Act and PPM
300.12, [23 CFR 172.9(a)]

* There is documentation in the

project file that the selection
follows the PPM 300.12.

NOTE: Current discussion puts
this at a 3-week turn around.

may be mandatory if the information to be shared is
necessary for consultants to prepare their proposals
correctly. The District, in coordination with OLE, will
facilitate the conference and prepare the agenda. The
agenda can be modified to include additional project-
specific information. Questions asked during the pre-
REP conference and responses to the questions will be
documented on Iowa DOT'’s website.

Refer to
Exhibit 2-3

No preliminary interaction
with FHWA required until a
PMT is established.

* Brooks Act, 40 U.S.C. 1101-1104

The RFP should indicate the last accepted date for
questions related to the project. Consultants are required
to submit questions by letter or e-mail. Questions and
answers will be added to the webpage. At least 4 weeks
should be allowed for consultants to submit their
proposals. Additional time should be considered for
large contracts. If a Pre-RFP Conference is arranged,
there should be at least 2 weeks both before and after
the conference for consultants to submit proposals.
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Consultant Selection Process

The members of the Consultant Selection Committee
will score the proposals and provide the list of the top

three consultants to the Consultant Steering Committee.

The Consultant Steering Committee will review the
list and confirm the rankings. Following approval
from the Consultant Steering Commiittee, the Contract
Coordinator will submit the ranking to the Highway
Division Director for approval to initiate negotiations.

Once the Highway Division Director grants approval
to begin negotiations, the Consultant Contract
Coordinator will notify consultants submitting
proposals of the names of the top three consultants
selected. Negotiations may then begin with the
consultants in the order of the ranking.

2.2.3 Notice to Proceed to Develop Scope
and Contract Cost

The appropriateness and the availability of funds to
pay for scope and fee development will be determined
by the Project Manager, in conjunction with the
Office Director and others as needed, on a project-by-
project basis. The terms for the scope, budget, and
schedule development will include a clearly expressed
maximum amount payable to the consultant, in
writing, so as to avoid misunderstanding.

The determination as to whether a consultant should
be compensated for developing the scope, fee, and
schedule should generally follow these guidelines:

» No compensation for scope, fee, and schedule
development will be provided when projects are
developed using a statewide consultant contract.

» For projects advertised as part of an RFP,
compensation for scope, fee and schedule
development will initially be limited to
1 percent of the anticipated planning costs to
a maximum amount payable of $50,000. The
Project Manager, along with the Office Director,
will exercise discretion in determining the
actual amount to be paid for scope, fee, and
schedule development.

CHAPTER 2

Compensating a consultant for scope, fee, and
schedule development can be best accomplished by
using a lump sum contract. The lump sum contract
is written to pay for only the development of the
scope, fee, and schedule. If mutually agreeable terms
are reached, a base contract would execute the scope,
fee, and schedule negotiated from the lump sum
contract. Any subsequent supplemental agreements
would be developed using a defined number of
project management hours from the previous
contract. This method will require a separate staff
action for each contract.

Early Authorization of Tasks

Early authorization is not allowed except in extreme
cases when required to meet schedule requirements.
If the project is using federal funds, then eligibility of
federal funds for early authorized tasks may be put at
risk. Prior Federal Highway Administration (FHWA)
concurrence on contracts is required for work to be
eligible for federal reimbursement. If work is allowed
by early authorization prior to FHWA concurrence,
then the work may be reimbursable with state

funds only. Any early authorization of tasks will be
documented by the consultant and approved by
lowa DOT in writing.

Authorization of Out-of-Scope Tasks

It is the nature of planning studies that not every
task can be anticipated. Potential out-of-scope tasks
that are identified should be discussed with the OLE
Project Manager, and any decisions regarding the
outcome should be documented. No out-of-scope
work should occur without written authorization and
contract modification by the OLE Project Manager.

2.2.4 Scope Development and Contract Cost

The OLE Project Manager will coordinate within the
agency to ensure that the person from Iowa DOT
responsible for each work element is involved in the
scope and contract cost development process and
will be available to review and give guidance on the
expectations for the work.
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CHAPTER 2

The Project Manager will schedule a meeting with
the consultant and appropriate lowa DOT resources
to discuss the requirements for the project scope.
The consultant will then prepare a draft scope and
contract cost based on the information received

from the DOT, field visits, and resource agencies, if
applicable. The draft scope and contract cost are sent
to the Project Manager who will send them for an
internal DOT review. The Project Manager will collect
the review comments from lowa DOT personnel,
summarize the comments, and send them to the
consultant. If there are significant proposed changes
to the scope or contract cost, the Project Manager
will arrange a meeting with the consultant to discuss
comments before they are finalized. The consultant
will finalize the scope and contract cost based on the
comments received.

Once the scope and fee are finalized, OLE will prepare
the consultant contract and send it to the consultant
for signature. A staff action and FHWA concurrence
(for federal-aid work) are required prior to the
contract being signed. See Section 2.4, Staff Action.
The OLE Director will sign the contract for lowa DOT.
Signed originals are needed for the following:

» OLE

» Office of External Audits and Contracts
» Consultant

» Office of Finance (copy only)

»  Other project sponsors, if the project
is multijurisdictional

2.2.5 Contingency

For OLE projects, contingency is not included

in the contract maximum amount payable but is
included in the staff action. A standard 10 percent
contingency is used for most projects, calculated
based on labor, overhead, and expenses. The Project
Manager will evaluate the need for increasing or
decreasing the contingency based on project size,
complexity, schedule, and other factors. Contingency
funds do not become available for the project unless
a supplemental agreement is completed, increasing
the contract maximum amount payable. The

purpose of contingency is to reconcile a contract
upon the completion of a final audit. In special
cases, contingency may be used to compensate for
reasonable efforts to complete work included in the
original scope of work.

2.2.6 Pre-audit

When the scope and cost proposal is agreed upon

or draft version is available, the Project Manager will
request a pre-audit and request the consultant to
prepare a project contract. A pre-audit is required
for all new contracts and contracts over $50,000.
This includes all supplemental agreements as well as
the base contract. PPM 300.12 covers the pre-audit
process, preparation of the contract, responsibilities
of each party, and defines the criteria for when a pre-
audit is required.

2.2.7 Legal Requirements

The Project Manager shall submit the proposed
contract to General Counsel for legal review and
approval if the contract does not follow OLE standard
contract language (see PPM 300.12 for guidance).
Legal review can be requested by e-mail. To expedite
the legal review, any changes from the approved
office contract should be highlighted.

2.2.8 Project Expenditures for OQutside
Services

Project expenditures for outside services should
be updated regularly and included in Iowa DOT’s
outside services spreadsheet. Invoice amounts for
outside services must be entered into the accounts
payable system.

For federal-aid projects, prior approval is

required from FHWA before signing a contract

or supplemental agreement with a consultant.
Flowcharts outlining the federal approval process are
shown in Exhibits 2-1, 2-2, and 2-3.

See OLE’s Consultant Coordinator for
more information.
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2.3 Federal Authorization of Funding

Transportation programs in lowa are funded with a
combination of local, state, and federal dollars. Many
planning studies are funded with state-only funds.
Some projects receive nonformula federal funds
through congressional designation. These typically
are referred to as federal earmark funds. Each federal
earmark must be authorized.

The following describes the required actions to
authorize the federal funds for a project.

» Confirm that the project is in the Statewide
Transportation Improvement Program. Contact:
Program Management.

» Confirm there is a valid obligation (work is now
approved for federal aid). Use the federal-aid
flowchart in Exhibits 2-1, 2-2, and 2-3.

» Obtain the federal earmark enabling legislation.
This provides the funding amount and explains
what the earmark can be used for. If more than one
earmark is available for the project, check enabling
legislation to verify that funds can be used for the
proposed work. Contact: OLE Office Director or
Office of Policy and Legislative Services Director.

» Request obligation authority from the Office of
Contracts. Contracts will need the exact amount
of money to be obligated (staff action amount),
revenue source (program code), and DOT project
number. Contracts will process the request online
and notify the Project Manager when the funds
are available or if there is a problem and the
request doesn’t get approved. The Project Manager
will need a hard copy of the Fiscal Management
Information System (FMIS) authorization for the
project file. Contact: Office of Contracts, Project
Scheduling and Funding Section.

» Notify Accounting in writing and let them know
how funds should be tracked and the percentage
of federal reimbursement for the project.

» The Office of Contracts, Project Scheduling and
Funding Section, submits the federal-aid request
electronically to FHWA for signature.

CHAPTER 2

» A hard copy of the FMIS authorization may be
obtained from the Office of Contracts, Project
Scheduling and Funding Section.

» The source for state funding match is confirmed.

Examples of Safe Accountable, Flexible, Efficient
Transportation Equity Act: A Legacy for Users
(SAFETEA-LU) federal earmarks include the following:

» Interstate maintenance (discretionary)
» DBridge set-aside

» Intelligent Transportation Systems (ITS)
» High-priority projects

» Transportation Infrastructure

For additional information on federal funding, see
“A Guide to Federal-Aid Programs and Projects:
Introduction” at http://www.thwa.dot.gov.

2.4 Staff Action

The staff action procedure is an approval process for
Towa DOT allocation of funds for a consultant contract
or certain types of agreements. Depending on work
type, the approval of the Office Director, Division
Director, General Counsel, Program Management, and
External Audits is required. The Office of Operations
and Finance is responsible for overseeing the process,
but the process applies to all offices within lowa DOT.
Staff actions requested by OLE staff typically are related
to contracting for consultant services and agreements
with other states or agencies. For a comprehensive
discussion of staff actions, see PPM 300.02.

A staff action is required for OLE projects when a
request is being made for the allocation of funds for
consultant contracts. This will most often occur when
a request is made for approval of a new consultant
contract if funds have not already been allocated,

for a supplement to an existing contract, or for task
orders issued as part of an on-call services agreement
with a consultant.

All staff actions for OLE are submitted by the OLE
Consultant Coordinator. The final scope of services
will be provided to the Consultant Coordinator for
use in writing the staff action.
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For projects requiring a pre-audit, the pre-audit
must be completed before Audits will approve the
staff action.

2.5 Contract Administration

2.5.1 Project Filing [Location Section Only]

The Project Manager will organize project files under
standard filing tabs. All financial and technical data
must be filed, in addition to correspondence. In the
case of a consultant project, the consultant will use
similar filing tabs.

Project e-mail correspondence will be organized in a
similar directory structure within Microsoft Outlook.
At the close of a project, the Location Section Project
Manager will archive e-mail correspondence within
the project directory under the correspondence
subdirectory. At the close of a consultant project, the
consultant will also include a copy of their e-mail
correspondence with the deliverables that the Project
Manager will then store within the project directory.

2.5.2 Invoicing and Progress Reports

PPM 300.12 includes invoice processing guidelines
and indicates the role of the administering office.
Towa DOT standard progressive invoice format and
final invoice format will be used for all projects.

The consultant will submit one invoice and one
progress report to the Project Manager for the billing
period. Invoice and progress reports can be submitted
in hard copy or electronically. Direct expenses over
$500 shall be itemized showing detail for each item.
Receipts are not needed, but should be available for
the Project Manager or audits upon request.

The consultant will attach a progress report with
each invoice indicating the progress made during the
billing period and any problems encountered. The
progress report and invoice should include at least
the following information:

» Table summary of the tasks, including budgeted
hours, direct expenses, and fixed fee budgeted
and spent to date

» List of staff members, hours billed, and hourly rates
for each consultant member working on the project

» An exhibit that depicts the project scheduled
percent complete, percent complete to date, project
scheduled cost to date, and total earned to date

» Written report including the following items:

—  Background information
—  Progress achieved this billing period
— Progress anticipated next billing period

—  Problems encountered during the
billing period

— Notes on progress
— Project issues

— Listing of out of scope work and when it
was authorized

—  Project schedule

The OLE Project Manager will review the invoice and
progress report before initialing the invoice and filling
in the required information (function code, object
code, contract number, and cost center) for payment.
In some cases, other Offices and OLE Sections should
be consulted to review the progress report. Items such
as the following should be checked:

» Was the work performed according to the scope
during the billing period? Check spent versus
progress made.

» Is the work planned to be performed during the
next billing period according to the scope?

» Was progress made according to the schedule?
» Are subconsultant percents complete reasonable?
» Are the direct expenses reasonable?

» Review the budget curve, current spent-to-date
curve, and estimated percent complete curve to
see whether there is need for a supplemental
agreement; that is, is the percentage spent more
than the percentage completed?

» Has the contract term expired?
» Is work on budget, under budget, over budget?

» Math on the invoices (paid last period, paid this
period, paid to date).
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» Fixed fee (paid on current bill, not on
percent complete).

» s project/work task about to go over budget
(check maximum amount payable)?

2.5.3 Invoice Approval Process

Once the Project Manager is satisfied with the invoice
content, the Project Manager will:

» Stamp the invoice and fill in the required
information (cost center, object code, function
code, and contract number).

» Initial the invoice and note “okay to pay.”
» Place one copy of the invoice in the project files.

» Provide one copy and the original to OLE’s
administrative assistant.

» Update the project’s financial tracking
spreadsheet.

The administrative assistant will then initiate the
online accounts payable voucher and send the
original to the designated staff member in the Project
Accounting Office and a copy to the designated staff
member in the External Audits Section.

If this is the first payment on a new contract or
supplemental agreement, the Project Manager should
work with the administrative assistant to assure
proper processing of the payment.

Multijurisdictional Projects

For multijurisdictional projects, the Project Manager
will note funding arrangements on the staff action
and contact the accounting supervisor of the Project
Accounting and Payables Section at the beginning of
the project to discuss the process for invoicing other
jurisdictions or FHWA. The Project Accounting and
Payables Section needs copies of the contract, all cost
sharing agreements, and copies of invoice summaries
and the prime consultant invoices.

The Project Manager will track and document
all financial transactions in the project’s financial
tracking spreadsheet.

CHAPTER 2

Federal Reimbursement

The Project Manager will contact the Project
Accounting and Payables Section to gain access to the
Project Cost Reporting system in order to track project
accumulated costs, federal reimbursement, other

state reimbursement, local reimbursements, funding
sources, and federal billings for each funding source.

When situations dictate, OLE will work with the
consultant to identify a format for tracking billable
hours per state/jurisdiction before any work on
the contract begins. This will help the invoicing
of each jurisdiction to be done correctly. The
Project Accounting and Payables Section will bill
the appropriate agencies in order for Iowa DOT to
receive reimbursement of funds from federal and
state matching funds.

When setting up the accounts payable screen,
invoices to other state jurisdictions are non-
participating for Iowa. Only lowa DOT billing Iowa
FHWA is designated as participating.

2.5.4 Project Closeout

The final responsibility of the Project Manager is to
close the project. When all project stakeholders agree
that the project is complete, the project activities can
be closed and a final audit requested. The following
steps outline the key items for the Project Manager to
complete when closing the project:

1. Request a final invoice from the consultant.
The consultant must use the standard final
invoice format and send it in with all the
supporting documentation.

2. Check the project deliverables to ensure the
consultant has delivered all the items in the
scope and that the agency has copies of all
the deliverables.

3. Check the final invoice, and approve,
if appropriate.

4. Request a final audit. See PPM 300.12 for the
process of requesting the final audit. The request
may be sent by e-mail.
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5. Perform an exit
interview with
the consultant.
See PPM 300.12
for the process
of conducting an
exit interview. Also
complete a consultant
performance evaluation.

6. Collect and organize project

Any changes affecting the scope and
budget must be documented and
approved in writing by the Office

of Location and Environment
prior to work effort being
expended. Any change
should address scope,
budget, time, and

The project schedule
should be reviewed
and revised, if needed,
every time a change
is encountered. In
addition, if a delay is
encountered for a project
task, the impact to dependent
tasks should also be reviewed
and adjusted accordingly.

files. Check that the project files maximum A supplemental agreement should
are complete and easily retrievable amount be prepared at the time a scope
in the future. Remove inappropriate, payable. change is encountered or if the

incomplete, or abandoned material
from the file, including internal review
drafts of documents, documents with
handwritten notes, and working draft
documents with markups.

7. Check that all final documents are included in
the Electronic Record Management System and
Towa DOT project directory.

2.5.5 Supplemental Agreement

A change encountered during a project generally
arises from a modification in the defined scope
because of unforeseen circumstances, changes in
project assumptions, changes in scope of work,
changes in project cost, external unpredictable
changes, or changes in the project schedule. When
the scope of work is prepared several assumptions
are made about the work at hand. As the project
progresses, some assumptions may no longer
apply, or there may be new requirements that
were unknown when the scope was prepared. It

is important to identify the change in the scope or
project direction as early as possible and to discuss
with the project team how the change is going to
affect the key project elements: cost and schedule.

A well-defined scope is needed to identify and
effectively manage change. Managing change is
important at all stages of the project and should be
identified as early as possible so that the impacts to
schedule, scope, and fee can be identified.

negotiated budget will be affected, and
before any work begins. The implications
of the change should be discussed with
the project team, and an agreement should
be reached on how to manage the change. Any
changes affecting the scope and budget must be
documented and approved in writing by OLE prior
to work effort being expended. Any change should
address scope, budget, time, and maximum amount
payable.

2.6 Project Leadership

2.6.1 Project Management Team

The membership of the Project Management Team
(PMT) is discussed in Chapter 3 of the Can-Do
Manual. That document, which is intended for a
wider audience than the OLE Manual, is the primary
guidance for PMT actions. The discussion in this
document summarizes the Can-Do materials and
expands upon them for the purposes of the Location
Section staff and their consultants.

Chapter 3 and Appendix B of the Can-Do Manual
address a range of PMT issues, including roles,
authorities, leadership, project review, consultant
usage, public involvement, scheduling, and the types
of projects to which a PMT is typically applied. Also
of note in Chapter 3 are the guiding principals for
each PMT, summarized here:

1. Take responsibility for developing a quality,
constructable project, on time and on budget.
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2. ldentify potential problems early.

3. Initiate data collection and external comments
early and continuously.

4. Develop solutions based on complete and
reliable data.

5. Work continuously for consensus in
decision-making and communicate these
decisions thoroughly to all affected offices.

6. Develop a project from the bottom up, with the
goal of zero rework.

7. View the teamwork and consensus-building
model as a multidirectional process, not just a
forward process.

8. Complete investigations and documentation
early and on multiple alignments, recognizing
that some data may not apply to the ultimate
solution; base decisions on factual information
and broad-based stakeholder input; and avoid
making decisions before collecting adequate data
to defend that action.

Important in understanding the PMT process

is understanding that the PMT is not intended

to remove any responsibilities of the offices or
individuals involved in the PMT. The Offices and
individuals involved in the different phases of project
development are still responsible for accomplishing
their functions; the difference is that the PMT allows
for the involvement of other offices, with both lateral
(simultaneous) and subsequent project involvement.

PMT Membership

The membership of the PMT is intended to provide
a cross section of the technical staff at lowa DOT.
Some of the membership is standard, while some are
included on an as-needed basis (or at specific points
in the project development process).

The standard membership includes the following:

» District (the PMT is chaired or co-chaired by
representatives of the District)

» OLE, Location Section, NEPA Compliance
Section, or both

» Office of Design

» Office of Bridges and Structures
» Office of Right-of-Way

» Office of Traffic and Safety

» FHWA

As needed, the following may be included in the
membership of the PMT or attend meetings as
a resource:

» Office of Systems Planning

» Photogrammetry/Preliminary Survey Section
(Office of Design)

» Specifications (Office of Design)
» Soils Design (Office of Design)

» Other engineering: Office of Contracts; Office of
Maintenance; District Field Services

» Other environmental: wetlands; noise; air;
water; threatened and endangered species; other
specialists as needed

Engineering or environmental consultants generally
will not be members of the PMT. However, they may
be expected to attend meetings, make presentations,
or provide input specific in their areas of expertise.

Roles of PMT Members

The District Engineer typically leads the PMT. The
District Engineer may elect to delegate the day-to-day
operations of the project to other members of the PMT
during different stages of the project. For example, the
Location Section Project Manager may lead the PMT
(or share responsibility with the District Engineer)
during the planning phase of the project. Similarly, the
Office of Design Project Manager may provide day-to-
day PMT leadership once the project has been given
location approval and begins the design process. It
should be clear that the District Engineer will maintain
authority over—and responsibility for—the decisions
made by the PMT.
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From the District perspective, the District Planner
may be delegated the responsibility of providing the
District leadership on the PMT during the location
study, while the Assistant District Engineer may
provide District leadership during the design phase.

Other PMT members are expected to review the
project materials, contribute in their areas of
expertise, and raise issues in a timely manner in order
to keep the project on schedule and within budget.

Consultant involvement in the PMT is not mandatory
but should be judged on a case-by-case basis.
Consultants may be called upon to participate

in meetings by contributing to the discussions,
preparing supporting materials, or presenting

current study efforts.

Additional PMT Considerations

Timing

The timing and agendas for PMT meetings should be
customized to the needs of the project. Appendix B
of the Can-Do Manual includes a PMT Responsibility

Checklist and a PMT Meeting Agenda Checklist
as guidance.

Management Communications / Briefings

Managers and supervisors of PMT members should
be informed of issues raised by the PMT. Each project
is unique and expectations for this coordination
should be established for each project.

Management Changes in Project Direction

Project development is the responsibility of the PMT.
Management retains the right to make changes to the
recommendations of the PMT. In such cases, the PMT
shall provide information on the impacts of the changes
to management so that management will be aware of
and responsible for the implications of its changes.

2.6.2 OLE Project Advisory Team

The Project Advisory Team (PAT) will meet prior to PMT
meetings or as needed on a project. The PAT may be
thought of as a “mini-PMT” in the sense that it has the

same type of function as the full PMT but is contained
within OLE. The PAT will provide internal coordination
within OLE, allowing a dialog among the diverse
sections and specialists. The PAT also helps to increase
the efficiency of the PMT by selecting a PAT leader who
will represent OLE at PMT meetings, thus reducing the
attendance at PMT meetings to essential members.

All OLE staff members assigned to a project are
members of the PAT for that project. A PAT leader
is selected from among that membership. The PAT
leader should be selected as follows:

» The Location Section will provide the PAT leader if
the project requires preliminary engineering work.

» The NEPA Compliance Section will provide
the PAT leader if the preliminary engineering
or location work has been completed (or is not
required) and the NEPA work remains.

» The PAT leader will be selected from among the
PAT members for projects that have advanced to
the design phase. The selection should be based
on the amount and nature of environmental
work remaining (for example, where the primary
remaining environmental efforts are focused on
obtaining a Section 404 permit, the Water Resources
Section representative may be the PAT leader).

Although the PAT leader is the OLE PMT
representative, on projects where the NEPA
documentation is not yet complete, the NEPA
Compliance Section representative should attend the
PMT irrespective of their role as PAT leader.

While it may still be appropriate for OLE specialists
to attend PMT meetings, depending on the critical
issues raised on a project, the intent of the PAT is

to allow the OLE PMT representative to be fully
briefed and therefore to convey OLE’s concerns

to the PMT. Thus, the PMT attendance is kept

to a more reasonable and efficient number. This
approach also allows OLE staff to reach a consensus
on controversial issues before bringing them to a
larger group, which may include consultants or local
project sponsors and FHTWA.
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2.6.3 Project Briefings and Project
Review Meetings

Project Briefings

Project briefings are the PMT’s opportunity to
discuss project level details with senior management.
The purpose of the briefings is to update senior
management with timely information about the
project or particularly sensitive issues on the project,
and to obtain direction from management on issues
such as policy, funding, programming, design, or
other decisions at critical times within development.

Project briefings should be scheduled in coordination
with District management or the OLE Director at
critical points in the location study process. At a
minimum, this should include project briefings to
allow for policy-level input to the development of
project planning and design criteria; identification of
the Build Alternatives and recommended alternative;
and to address project cost, scheduling, and
implementation issues. Project briefings are small
group, internal working meetings designed to update
management and seek guidance.

The Project Manager, in coordination with District
staff, is responsible for scheduling and supporting
project briefings, including identifying topics and
preparing pertinent presentation materials. Project
briefings are typically scheduled as needed; however,
project-specific briefings may be scheduled at the
request of management.

Project Review Meetings

The purpose of project review meetings is to update
senior management with timely information about
the project or particularly sensitive issues on the
project and to discuss funding and delivery timelines.
A project is discussed at project review meetings

at the request of the District Engineer and often
addresses major project milestones (i.e., public
hearings and a project entering the 5-year program).
A project is discussed at project review meetings at
the request of the District Engineer.
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Project review meetings should be scheduled at critical
points in the location study process. The meetings

are geared to a wider audience than project briefings
and involve multiple offices and FHWA. The District
Engineer, in coordination with the Project Manager,

is responsible for scheduling and supporting project
review meetings, including identifying topics and
preparing pertinent presentation materials.

The following are some of the items that could be
discussed and reviewed by DOT Management at
either a Project Briefing or Project Review:

» Clarification of management policy more than
can be provided by the District Engineer

» Controversial project issues

» Changes in project cost and schedule

» Materials to be presented at a public
information meeting

» Materials to be presented at the location/
design hearing

» Identification of a preferred alternative

or concept

The following items may be discussed and reviewed
(as needed) by the Management Team:

» Project technical issues

» Range of alternatives considered for the project
» Substantial project concept changes

» Project costs and schedule review or update

» Financial plan and project management plan

development or changes, if prepared for the project

Information presented to the Management Team should
be succinct and have a clear purpose. Agenda items shall
be designated as “for information” or “action required.”

2.7 Scheduling

Creating and maintaining a schedule is one of the
most critical elements of planning and managing a
project. The schedule helps to guide the pace and
development of the project. For consultant projects,
it may also be used as one of the measuring sticks by
which consultant performance is judged.
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Most Iowa DOT project schedules for design
projects include similar project events; therefore,
for consistency, a list of these events has been
created for these projects to help standardize the
scheduling process. Each event has been assigned a
code, definition, action, purpose, need, and output,
and lists affected parties. The code represents an
abbreviated form with which to identify and track
each event. The Project Scheduling System (PSS),
maintained by lowa DOT% Project Scheduling
Engineer, records and tracks design projects. PSS

is an internal DOT system that tracks the project
development process. The list of events used in PSS
is available in Chapter 2 of the Can-Do Manual, along
with an explanation of each event.

Although event codes are used for tracking design
projects, detailed codes have not been established
for feasibility or location studies, and these types
of studies are not currently tracked in the Project
Scheduling System.

The responsibility for developing the schedule lies
primarily with the Project Manager, but coordination
with the PMT and the district office is also required. The
Scheduling Engineer may be included in the discussions,
and is also a source of information. If a consultant is
under contract for the project, the consultant should be
included in the schedule development to ensure ability
to meet the schedule demands.

2.7.1 Project Schedule

In each PMT meeting, the project schedule should be
discussed and reviewed to determine whether changes
are needed. OLE will use the Prime Consultant’s
schedule to track the overall project schedule. The
schedule should be updated every time there is a
change, quarterly at a minimum. The Project Manager
is responsible for providing the approved project
schedule information to the District. The District
Engineer will forward the schedule changes to the
Project Scheduling Engineer for inclusion in the
production schedule, if applicable.

2.7.2 Steps in Developing a Schedule

Once a project is identified and assigned to the
Location Section, the Project Manager, in coordination
with the consultant, may begin creating the schedule.
The initial considerations for the schedule include:

» Scope of work/category of project (e.g., feasibility
versus location study)

» Size of the study area

» First potential year for programming and letting

» Potential for off-alignment alternatives

» Availability of engineering and environmental data

» Need for traffic modeling or coordination with the
local metropolitan planning organization (MPO)

» Need for environmental studies

» Availability of aerials and mapping

» Deliverables required for the project

» Funding commitments

» Political commitments

»  The number of potential reviewers / project sponsors

If the project is multijurisdiction, consider the rules
of the other agencies.

Taking all these factors into consideration, develop a
schedule using steps similar to the following:

1. List all special studies.
2. List all deliverables.

3. Determine development and review times
for deliverables.

4. Identify key decision points.
5. Establish a likely start date for the project.

6. If study timeframe commitments have been made,
note the completion date for the entire project.

7. Using the event codes currently available in PSS,
make a list of all the project events.

8. Assign specific start dates and end dates for
each event.
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2.7.3 Format of a Schedule

As of the writing of this manual, no single format has
been established as the standard for a location section
project schedule. Gantt charts typically are used for
representing schedules. Appendix A of the Can-Do
Manual contains typical Gantt charts for Can-Do
projects. Microsoft Project, which includes a Gantt
chart function, may be used to create schedules.

The Gantt chart format is one of the easiest methods
with which to present a schedule. It may be as
complex or as simple as needed for a given event and
is often used in public involvement materials as an
easy way to relate schedule lengths and relationships
to the general public.

2.7.4 Approval of a Schedule

The Project Manager and the PMT are tasked with
developing the schedule. The PMT and the district
office have the authority to approve the schedule.

Once the initial schedule is complete and approved,
the PMT should provide the schedule to the
Scheduling Engineer. The Scheduling Engineer is
responsible for incorporating it into the production
schedule and maintaining a list of projects with PMTs
and the members assigned to each team.

2.7.5 Changes to a Schedule

On any project, there may arise occasions when it
becomes necessary to make a change to an established
schedule. Schedules may change for a variety of
reasons, including changes in the lowa DOT%
priorities, lack of needed or available data, funding
obligations, or increased public or political pressure.

The Project Manager and PMT should monitor the
schedule as well as internal influences to make
realistic schedule changes as needed. Changes that
may be significant in nature or have a financial
impact should be communicated to management.
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2.8 Advisory Committee

2.8.1 Purpose of the Committee

An advisory committee is a useful means by which the
Iowa DOT can gain the perspective of those who will
use a highway facility or be affected by it. An advisory
committee typically comprises citizens, property
owners, business leaders, MPOs/Regional Planning
Affiliations (RPAs)/Transportation Management
Associations (TMAs), or local officials, and provides

a forum for discussion and comment on various
project-related issues. The advisory committee is not
responsible for making any final project decisions,
but is encouraged to provide input to the PMT and
Iowa DOT Management. The committee should have
the following primary goals:

» Provide effective communication with the
community by being a link to the community
at large.

» Make the Towa DOT aware of the local
perspective on the proposed project, its
alternatives, and its potential impacts.

» Provide assistance at public information meetings
and hearings to help achieve public support
for alternatives.

» Assist in obtaining project funding from
various sources.

Committee members may be identified through
existing organizations, such as neighborhood groups,
churches, business organizations, environmental
groups, and elected bodies. The exact composition
of the group should depend on project-specific
circumstances. Where projects have known issues of
controversy and there are organized groups related
to the issue, involving a representative of the group
may be beneficial. Local, subject matter experts

may be of benefit for issues such as aesthetics,
cultural and historic properties, and others. Where
residential properties may be affected, neighborhood
associations or churches may be a venue through
which to identify advisory committee members.
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2.8.2 Committee Meetings

Advisory committee meetings should be held early

in the project to obtain local information, gain the
perspective of residents, and establish the idea that
Towa DOT values the importance of public involvement.
As the project progresses, advisory committee meetings
should be held near milestone events, key deliverables,
or other times as determined by the project team.

Meeting notifications should include the name and
address of the contact person to whom responses will
be directed and should also explain the purpose of
the upcoming meeting. When appropriate, meeting
materials should be provided to allow committee
members to prepare for the meeting or seek the input
of those they represent prior to the meeting.

The committee may be asked for input on the
following items:

» Purpose of and need for the project

» The social, economic, and environmental impacts
of project alternatives

» Help with resolving conflicts among
various interests

» Assistance in educating the public about the
proposed action and the decision-making process

2.9 Multijurisdictional Agreements

2.9.1 Process for Developing
Multijurisdictional Agreements

When preparing multijurisdictional agreements, the
Project Manager should follow Iowa DOT policies as
closely as possible.

In the absence of a specific agreement between the
states, the Border River Bridge Agreements are used.
These agreements specify the lead agency and the cost
sharing of the bridge study, design, and maintenance.

Towa DOT is the lead agency on primary route and
interstate projects within the borders of lowa. The
District office is responsible for coordinating the

staff from the other agencies to develop and execute
agreements for a multijurisdictional project. OLE will
provide support as requested.

The District office will discuss expectations and cost
sharing for the project with the states involved in the
project. The discussion will include a determination of
what the agreement should cover. A separate agreement
is processed for each phase of the project (preliminary
engineering, final design, construction, etc.).

2.9.2 Approvals of Multijurisdictional
Agreements

Multijurisdictional agreements are approved by

staff action and signed by the District Engineer

(see PPM 300.01). The agreements section in the
Office of Local Systems will prepare final signature
copies of the agreement. The agreement is signed by
lowa DOT and sent to the other agency for signature.
Signed originals are needed for the following;

» District Office

» Copy to OLE (for preliminary engineering phase)
» The other project sponsors

» External Audits and Contracts Section

» Accounting and Payables

» Accounting and Payables—Federal-Aid Section
(only if using federal-aid)

2.9.3 Agency Differences and Resolution

When the lead agencies have different design
standards and processes, it is important to reach

an agreement on the design process, required
deliverables, and standards before the scope is
developed and work proceeds. Any change from
the agency’s standard process may have a significant
impact on the agency’s legal responsibilities, the
project schedule, and the contract cost.

Before the scope development is started, the
participating agencies’ representatives should be
invited to a project scope development meeting to
discuss the standards and specific requirements

of each agency and to resolve which process and
standard will be used at which locations throughout
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the project corridor. During the meeting, the NOTES:
terminology used and how it is understood by each

agency should be discussed to verify understanding
of work elements by all agencies. The scope should

clearly define which standards are to be used for each

design element and where one agency’s standards end

and the other’s begin.

Differences in processes and standards should be

evaluated for the following items:

» Understanding of whether the intent/outcome of

the study has the same meaning for each agency

» Impact to the project schedule

» Impact to the project fee

» Understanding of the implications of deviating

from the agency process or design standards (i.e.

legal, preference, etc.) for each agency

Once the evaluation is completed by both parties,
the evaluation results should be reviewed and a best

approach for the project developed. This approach

should be reviewed by each agency and approved

in writing before the scope is finalized and work
is started.

The following potential outcomes could be expected:

» Other agencies will accept the process that

Iowa DOT is using, or lowa DOT will accept the

processes that the other agencies are using.

» The design process could follow the more

rigid requirements.

If the project involves other states, it can be agreed
that each state’s design standards will be used for the

work within their state provided the location change

is documented.
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Introduction to Location Studies CHAPTER 4
Chapter 4 is the first chapter in Part II of the OLE Manual. It explains 4.1  Project Origination

how and when the location process fits into the context of the overall

project development process. The focus of Part Il is on the location 4.2 Goals, Objectives, and
process conducted by the Location Section of the Office of Location Products of the Location
and Environment. Whereas Part I of the OLE Manual concentrates on Process

common elements of the processes undertaken by OLE, specifically, 4.3 Project Definition

project management-related topics, and the following Part I1I shifts toward Statement
environmental topics, Part Il focuses on the engineering process, which is

known as the location process.

In examining how project development occurs from long-range planning
through to the design phase and eventually construction, it is shown that
more detail is added through each step and the field of vision narrows until
the focus is on a single element or improvement concept. The Planning Ahead
plan focuses on identifying the general area that a transportation investment
is needed. The location process—through feasibility studies and location
studies—focuses on identifying what, if anything, should be built. A design
study focuses on how. Construction, of course, executes the design, focusing
on how the pieces fit together in the field. (See Exhibits 4-1 and 4-2.)

The responsibility for the location preliminary engineering process

falls to the staff of the Location Section. The Location Section primarily
conducts two types of studies: feasibility studies and location studies. The
subsequent chapters in Part II will focus on the details of both feasibility
and location studies, including both their common points as well as the
distinctions between them.

The types of projects done by the Location Section typically involve work
greater than straightforward rehabilitation and improvements within the
existing right-of-way, including the following:

» Routes on new alignments

» Roadway widening

» Safety improvements

» Capacity improvements

» Interchange studies

» Projects that could result in environmental impacts or changes in

access and mobilit
Y This chapter explains

» Asset management how and when the location
» Reconstruction requiring additional right-of-way and potential process fits into the context
of the overall project
development process.

environmental impacts
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Exhibit 4-1
Project Development
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This chapter helps to set the stage for the location
process and its various project types. The discussions
herein provide a background for what happens before
a feasibility or location study begins, as also some of
the very preliminary steps of the study process.

Once it has been decided that the Location Section
will complete a project, it will be either a feasibility
study or a location study. Understanding the goals,
objectives, and products of feasibility and location
studies from the outset is crucial for planning the
study process and making decisions. The goals,
objectives, and products are introduced in this
chapter but portrayed in depth throughout the
remainder of Part II. A keystone for understanding
the location process is understanding how the
various study elements relate to each other and to
other activities that must occur simultaneously; e.g.,
environmental studies and public/agency coordination.

The final part of Chapter 4 introduces a very
preliminary step of the location process, defining
the project. Preparing a Project Definition Statement
helps to outline the goals, objectives, and products
of a given project and provides a roadmap for
continuing work on the project.

Part II: Location Studies contains 9 chapters, including
this chapter and one other for future additions to this
manual. The chapters are designed to show the steps
and procedures for completing the location process,
whether in the form of a feasibility or location study, as
well as the supporting analyses that help to identify the
transportation problems and their respective solutions.
Table 4-1 lists the chapters within Part II.

4.1 Project Origination

A project is initiated when it is defined and officially
recognized as a transportation problem that needs to
be addressed. Location projects come from three main
sources: TIME-21, the lowa DOT Commission, and
the six District Engineers. Ultimately, it is the decision
of the Engineering Bureau Director which projects are
carried forward by the Location Section.

CHAPTER 4

Table 4-1
Part Il Chapters

Chapter Title

4 Introduction to Location Studies

5 Data Collection

6 Existing Conditions Analyses

7 Alternatives Development and Evaluation
8 Feasibility Studies

9 Location Studies

10 Microstation / Geopak Practices

1 Corridor Management Tools

12 (Reserved for future additions)

The emphasis of this part of the OLE Manual is on
projects that become feasibility or location study
projects. Not all projects identified by TIME-21, the
lowa DOT Commission, or District Engineers are
destined for the Location Section. Those of a limited
scope and potential range of alternatives and impacts
may move directly into design. Others, including
those funded through a DOT grant program, may be
administered by a local transportation provider or
managed directly by the Office of Systems Planning.
Still other proposed work could be local projects,
developed and administered by any one of a number of
local transportation jurisdictions (local public agencies
[LPAs], Federal Transit Administration [FTA], etc).

4.2 Goals, Objectives, and Products
of the Location Process

4.2.1 Overview of the Location Process

Before delving into the detailed discussions of the
location process covered in subsequent chapters

of Part II, the basic definition and purpose of the
location process should be understood. A simple
understanding may be gleaned from examining the
answers to three questions:

1. What is involved in a feasibility or location study?

2. What are the goals for a project being developed
as a feasibility or location study?

3. Why is this study level of effort required?
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What is Involved in a Feasibility or Location Study?

At the onset, both a feasibility study and a location
study are identical in that they focus on defining

a problem in order to identify a range of potential
transportation solutions. This stage of the study
process offers the greatest possibility for avoiding
environmental impacts and for controlling costs.

Solutions must meet transportation engineering
design principles, be economically feasible, and

be publicly/politically acceptable. Specifically, the
solutions must specify a type of improvement (access
control, basic number of lanes, level of service [LOS],
design characteristics) and where the project should
be located. The location process then builds on this
base by considering a broad array of approaches and
alternatives to address a problem.

The introductory section of this chapter discussed
the types of projects that may be the subject of the
location process. Some improvements are defined
adequately at the programming phase and generally
do not require a feasibility or location study. These
may include the following:

» Resurfacing

» Reconstruction within the existing cross section
(with little or no new right-of-way)

» Straightforward bridge replacements or repairs

» Improvements within an existing right-
of-way, with little or no potential for
environmental impacts

What are the Goals for a Project Developed within
the Location Process?

Once there is a clear definition of the problem,

the study should examine a range of alternatives.
This examination should withstand the National
Environmental Policy Act of 1969 (NEPA) process

as well as apply good engineering principals. Each
alternative developed should be fully documented
for NEPA, even if it is not carried forward. The
examination of alternatives should involve applying
a series of filters to proposed solutions/alternatives to
test and narrow them:

»  Technical—Is it possible to construct the
alternative? Does it meet safety standards? Does
the solution create other problems (such as
downstream congestion)?

»  Environmental—Does the alternative significantly
affect sensitive resources, such as wetlands, park
and recreational lands, historic resources, or
homes and businesses? Do alternatives exist that
would accomplish the project goals that avoid or
have less impact?

» Financial—Does the alternative accomplish the
goals and avoid or minimize impact to resources,
but still have a reasonable financial cost? Is the
alternative beyond the programmed budget for
implementation?

»  Public/Political—Can the alternative be
implemented? Have context sensitive solutions
(CSS) been included in the alternative’s
development? Is this project of keen interest to
the commission? Implementing an alternative
that is opposed by the majority of the public can
be a precarious undertaking. Likewise, the input
and preferences of public and elected officials
may be used to aid in decisionmaking.

To achieve the end goals of the location process,
certain criteria need to be met for the study to be
successful. The criteria include economic feasibility,

a well-defined project cost, inclusion of public and
agency input, and incorporation of environmental
considerations (Table 4-2). The study should also
result in a legally defensible solution, and should not
require significant re-examination of the study during
the subsequent design phase.

Why is a Feasibility / Location Study Level of
Effort Required?

Many of the activities undertaken by lowa DOT

are developed in stages, rather than all at once. A
location study is an example of one such stage. A
feasibility or location study takes a conceptual system
level improvement and defines it as a project with
logical termini. The feasibility study and location
study stages allow for an intermediate stage of
development that involves the following:
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Table 4-2

Criteria for a Successful Study

Criteria

Description

agency input

Economic An economically feasible alternative must be
feasibility identified through a development and screening
process. This can help maximize the state
transportation revenue, which, in return, can
generate the maximum number of projects.
Well-defined A well-defined cost is needed for inclusion in the
project cost transportation plan. Costing methodology should
be applied, using accurate pricing or risk-based
costing for the type and location of facility.
Public and A public involvement process should gather

information, suggestions, and opinions from the
public, elected officials, and resource agencies
throughout the process.

Environmental Impacts to natural, socioeconomic, and cultural
considerations resources should be identified early to avoid,
(Resource minimize, or mitigate impacts. The project needs
Agencies) to be permittable.

Preliminary The preferred alternative must satisfy purpose
Design (Preferred | and need. It must also be constructible using
Alternatives(s)) reasonably available technology. Alternatives

should document the application of CSS (when
appropriate), value engineering at the planning
level, and be broad enough to allow massaging
during final design and right-of-way acquisition.

Legally defensible
solution (NEPA,
4(f), and 6(f)

If the regulatory process is followed, both at the
state and federal level, the solution should be
legally defensible. Courts usually consider the
validity of the process, rather than the actual
decision, to be the crucial element in legal
actions.

Results should not
require significant
re-examination

in subsequent
phases

As a project proceeds to the design phase,

the basic project concept and study corridor
should not require re-examination, nor

should significant parts of the work require
re-engineering. Re-examination of project
concepts risks three pitfalls: failure to fulfill
commitments made to the public or resource
agencies during the location study; invalidation
of the NEPA process by causing impacts that
were not previously identified; and requiring the
expenditure of additional time, person-hours,
and dollars.

Documentation

A successful study will document:

e All commitments made during the preliminary
engineering process (green sheets)

e Planning level value engineering study
e CSS considerations

e |nterchange justification reports (IJRs) (If
neccessary)

e Special studies (hydrology, noise, traffic, etc.)
e NEPA compliance

CHAPTER 4

» Allows work to be done at an appropriate level of
detail for the decision at hand

» Minimizes the higher costs that design studies
could require (higher degree of geometric and
data accuracy, when that accuracy does not
necessarily translate to better decision-making)

» Allows Location Section engineers to step back to
view the bigger picture

For long-range planning, statewide data and trends
are used to identify locations within the state where
an investment of transportation funds are needed.
When the type of improvement cannot be clearly
identified from condition data, the project could

be moved from long-range planning to either a
feasibility study or a location study.

The feasibility stage is for determining whether

the improvement is feasible, the range of feasible
alternatives, the general locations where the future
improvements should be focused, the issues that need
to be addressed in the future, and the potential cost of
implementing the project (for programming purposes).

A project moves to the location study stage because
management or the commission has chosen to place
a planning level priority on the project or corridor,
NEPA approval is needed prior to proceeding
further, or a reasonable range of alternatives may

be developed without the need to determine the
project’s feasibility independently. The location study
contains sufficient engineering information to allow
the development of design documentation.

4.2.2 The Relationship Between the
Location and Environmental Processes

The relationship between the engineering and
environmental processes is a dynamic and iterative one.
It is during the location process that environmental
issues are identified, avoidance opportunities are
recognized, mitigation concepts are developed, and
public involvement and necessary coordination with
agencies with jurisdiction over resources is conducted.

As noted, the location process includes either a
feasibility study or a location study. Each type of
study results in a report that summarizes the analysis
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and findings. The environmental process also has
different study types and corresponding reports. The
engineering and environmental studies/reports are
not related in a linear manner; given the specifics of
a project, they may be combined in different ways.
These combinations will change depending on the
following factors:

» The complexity of the project or proposed action

» The timing of the project (when is it
programmed for construction?)

» The need for a “master plan,” from which smaller
projects may be broken out for development

» The expected level of controversy that will be
generated by the project

» Knowledge of whether there is potential for
significant environmental impacts as a result of
the project

The relationship between engineering and
environmental studies should be explored through a
tight, iterative process during project development.
The purpose of the location process is, in the

most general terms, to develop a recommended
solution for a transportation need. Knowing the
environmental constraints and opportunities on

a project aids in both better decisionmaking on

a project (in terms of the quality of the solution)
and in easier processing of the project (in terms

of practical ability to acquire approval to execute
the project). Learning about these constraints and
opportunities requires coordination among the
sections within OLE.

The environmental studies may be conducted under
the aegis of NEPA or under more general practices of
good planning, with the possibility of applying NEPA
to the project in the future (particularly in the case of
a feasibility study). Refer to Chapter 13 for a detailed
description of the NEPA process.

Environmental Documentation

To begin to understand this relationship, it is
important to know the range of options available
for environmental studies and documentation.
Several different levels of environmental analysis

may be applied with a feasibility or location study.
The sections below describe how the environmental
analysis may result in different types of documents if
the NEPA process is applied to the study.

» Tiered Environmental Impact Statement—A series
of environmental documents that address
projects in increasing levels of detail throughout
the series. Most often applied to situations
where a corridor of improvements is being
considered in broad detail, but priority or order
of individual projects and their funding or
programming are unknown, and subsequent
elements of the selected plan will be studied as
individual projects with more detailed (Tier 2)
environmental documents.’

»  Environmental Impact Statement (EIS)—An EIS
is the traditional level of detail for projects with
known potential to have a significant impact on
the environment.

»  Environmental Assessment (EA)—An EA is a less
exhaustive environmental document than an
EIS. The goal is to examine a proposed action to
determine whether there is enough potential for
significant impact to the environment to warrant
an EIS.

» Categorical Exclusion (CE)—Although there is
generally documentation for a CE project, a CE
is not a stand-alone environmental document in
the same way as EA or EIS. CEs are a category of
projects under NEPA that have been determined
to be of a nature of work that does not, in most
cases, have the potential to cause significant
environmental impacts. CE documentation is
accomplished through the material included in
the engineering report.

Even if the NEPA process is not required,
environmental issues are still considered. The
environmental analysis is documented within the
project report and various technical memorandums,
rather than in a separate environmental document.

" For example, the first tier may involve studying an urban interstate system and
recommending the general types of improvements needed, a general sequence in which
they should occur, and logical termini for subsequent projects/actions. The second tier
may then be a series of separate projects with their own environmental documents and
a recommended solution that leads to the design phase.
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Location Process Documentation

Feasibility studies are covered in greater detail in
Chapter 8. Location studies are covered in greater
detail in Chapter 9. Following is a brief summary of
the feasibility and location study efforts with respect
to environmental studies.

» Feasibility Studies—A feasibility study is generally a
pre-NEPA process, although that is not always the
case. It examines alternatives on a broad scale and
environmental issues to identify “show stoppers”
and large-scale potential mitigation options.

It does not result in the approval of a project
location needed to proceed to construction.

» Location Studies—Location studies typically
are done concurrently with the NEPA process,
unlike feasibility studies, which are usually
completed pre-NEPA. A primary distinction
between feasibility and location studies is that a
location study involves making a more detailed
decision than a feasibility study. The NEPA
process associated with a location study results
in a decision about the selected alternative to
implement a project; therefore, it results in
location approval for the proposed project.

The focus of a location study is on a specific project
and its solution, potentially out of a range of solutions
investigated in a prior feasibility study. Whereas the
feasibility study may have looked at some very broad
solutions, both modally and geographically, the
location study results in the selection of the solution
that will be developed in design. (Unless the solution
is the No-Build Alternative, see Chapters 15 and 16 in
Part I1II of this manual for more information.)

The location approval signals acceptance by lowa DOT
and FHWA that a reasonable range of alternatives has
been studied for the project and that an alternative best
meeting the project goals has been selected. The approval
is of the general location and type of improvement. For
most location studies, this approval is achieved through
the completion of the NEPA process, when the Record
of Decision (ROD) or Finding of No Significant Impact
(FONSI) is signed. It is also possible that a project may
be categorized as a CE project, but this is less common
for projects assigned to the Location Section.

CHAPTER 4

Determining Study and Document Type

For some projects, the determination of the
appropriate study and documentation types will be
clear from the proposed action. For example, new
multi-lane highways on new alignments that are
proposed for near-term implementation generally
require a location study and an EIS.

If it is not already clear by the time a project reaches
the Location Section, the process for developing

the project definition is used to determine the
engineering study type and environmental processing
type. The tools used in developing the project
definition to determine the study and document type
include the following:

» Coordination with FHWA through the NEPA
Compliance Section (coordination typically
begins with a project concept or draft purpose
and need statement)

» Input from Iowa DOT Management (including
the programmed /scheduled year for construction
or implementation, whether the current study is
part of a program of improvements, and the basic
reasoning for programming the study)

» Input from the District or Engineering Bureau
Management on the basis for the project and
potential for controversy at the local level

» Coordination with the resource specialists at
lowa DOT

With this input, a decision should be reached on
whether the project will involve a feasibility study or
a location study, whether a NEPA document will be
required, and if so, the type.

As can be seen from Table 4-3, there is no automatic
and direct relationship among the processes. More
than one type of environmental document may be
applicable with a location study. The decision as to
which is appropriate depends on the type of work
proposed. A recommendation on document type is
made by the NEPA Compliance section of OLE, and
FHWA concurs.
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4.3 Project Definition Statement

4.3.1 What is a Project Definition Statement
and How is it Used?

The Project Definition Statement is a short, written
description of the proposed work and tasks involved
with a location study. It is developed at the beginning
of a study and may be used as the basis for a
consultant scope of services. The Project Definition
Statement may also be used to describe the project
during the determination of environmental document
type. Specifically, the Project Definition Statement
does the following;

» Establishes the study area and the basic
project concept.

» Helps to define the data collection needs
(e.g., aerial photos; engineering, operations,
sufficiency, and safety information; cultural and
natural resource surveys).

» Helps to guide the development of a project and
keep the project on track.

» Defines who is involved with project
development. Knowing what studies, topics, and
resources may be required helps to determine
those who should be involved in the study, inside
and outside lowa DOT .

» Defines roles and responsibilities for individuals
involved with a project.

» Delineates a sequence to the project development
process, if not actually a schedule.

Table 4-3
Potential Study and Document Types

4.3.2 Responsibilities for Development of
the Project Definition Statement

The Location Section Project Manager is responsible
for developing the Project Definition Statement,
although this task may be assigned to others,
including a consultant, if a Project Definition
Statement was not developed before engaging the
consultant. The draft Project Definition Statement
should be reviewed by and approved by the Director
of OLE.

4.3.3 The Process for Developing the Project
Definition Statement

The development of the Project Definition Statement
requires coordination between the Location Studies
Project Manager and several other sections within
Iowa DOT. The Project Manager should coordinate
with staff in the appropriate District office and the
NEPA Compliance Section. Other lowa DOT staff,
including resource specialists, design, bridge, traffic
and safety, and maintenance staff, may be consulted
for information needed to determine the concept and
associated work tasks.

The following published documents, studies, or staff
may be consulted for input about the project:

Published Inputs

» Long-Range Transportation Plan
» Previous Needs Assessment

» State Transportation Plan

Range of Environmental Potential Environmental
Engineering Study Type Analysis Types Document Types

Feasibility Study / Report e |ssues analysis None

e Published data research

e Windshield surveys
Location Study / Report e [ssues analysis e CE

e Published data research e FA

e \Windshield surveys e Tiered EIS; Tier 1 or 2

e Detailed field studies e FEIS
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» Modal Implementation Plan
» Bypass Guidance Policy
» Narrow Roadway Policy

» Metropolitan Planning Organizations (MPOs)/
Regional Planning Affiliations (RPAs)

» Highway Sufficiency Plan
» Traffic Forecasts
» Safety Performance/High Accident Location
» Planning Ahead Plan
— Interstate
— Commercial and Industrial Network (C.I.N.)
— Access routes
— Development routes

—  Local service

Staff and Studies

» Systems Planning
» Project Management Team
» Input from District staff
» NEPA Compliance Section
» Resource Specialists
»  Prior studies:

—  Feasibility

— Planning

—  Design documents from prior projects

4.3.4 Format and Content

No specific format need be used for the Project
Definition Statement. The intent is to provide a
short description of the project and study (about

2 pages long). During preparation of the Project
Definition Statement, stating the specific number of
alternatives to be investigated shall be avoided. The
development of alternatives is unconstrained at this time.
To do otherwise could suggest that lowa DOT has
precluded possible alternatives from consideration
before initiation of the project.

CHAPTER 4

For consistency, the Project Definition Statement

should contain the following elements:

1.

Introduction—The Introduction section should
note the following:

—  Project location and, as possible, project
termini. Corridor study limits to the extent
known. IJR study limits, if applicable.

—  Project need (general, from DOT
Management and District staff).

—  Proposed action (to the extent known, such
as expansion to four lanes, relocation, new
route, etc.).

—  Project category (feasibility, location study, etc.).

Schedule (or Sequence of Events) and Budget, to

the extent known—The Schedule and Budget
should provide the major milestones, if known,
for the project. It is not expected that a detailed
project schedule would be available at this

time. However, milestones such as programmed
construction start dates, public or political
commitments, or funding restrictions should be
noted. If applicable, a sequence of project events
could be included that would delineate how
project tasks interrelate. This section should also
note the project finances, to the extent that they
are known. This may include the programmed
amount (for this and other phases of work) or
earmarked funds.

Anticipated Engineering Work Tasks—The
Anticipated Engineering Work Tasks discussion
should address the following items to the
extent possible:

—  List of types of engineering analyses expected.

— Limits of analysis (if applicable). This may
be geographic, if different than the study
area or logical termini, or may be analysis
tolerances.

— Level of detail of analyses and data gathering.

—  Deliverables: specify type of report (e.g.,
location study, feasibility study, etc.).
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Anticipated Environmental Work Tasks—Similar
to the engineering discussion, the Anticipated
Environmental Work Tasks should cover

the following:

—  List of types of resources to be studied (e.g.,
wetlands, socioeconomic, water quality, noise).

— Limits of analysis (generally geographic, if
different than the study area).

—  Level of detail. This may note whether
the work is expected to include field
investigations, to be limited to published
data gathering, or to be something
in between.

—  Qualification of staff (if applicable).

— Format and content of final work products.
(What does Iowa DOT need in order to
document the work done?)

Public and agency coordination effort—The Public
and Agency coordination effort text should list all
known coordination efforts for the general public
as well as for agencies. This may be difficult to
do in detail at this stage of the project; however,
an effort should be made to discuss the groups
with an interest in the project, whether the
project may be subject to the NEPA/404 process,
and whether there are any areas of controversy
on the project.

Anticipated Staffing (in-house staff, outside
services)—Where work tasks are sufficiently
complex or require special expertise, the

Project Definition Statement may note that

staff performing the task must meet minimum
qualifications. (This can be advantageous if the
project definition will be used as the basis for a
consultant project-related information that does not
clearly fall into one of the other categories.

Other/Miscellaneous—The Other/Miscellaneous
section is reserved for project-related information
that does not clearly fall into one of the

other categories.

Questions to Ask When
Developing a Project Definition

What is the basic project type?

What is the reason for studying an
improvement? (e.g., safety, economic
development, consistency with planning
efforts, capacity, etc.)

What types of alternatives could potentially
address the problem?

What is the geographic extent of those
alternatives?

Is there any historical work by the lowa
DOT or others in the project area that
could be used as a reference?

Will the project involve the need for
environmental studies? (If so, coordinate
with the NEPA Compliance section and
appropriate resource specialists.)

What are the milestones that the project
needs to meet? (e.g., lettings, Commission
approval, expenditure of federal program
funds before they expire, etc.)

What is the sequence of work? (Are any
of the tasks dependent upon others
occurring first?)

NOTES:
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Data Collection CHAPTER 5

The process of initiating and completing a project or study involves the 51  General Background

collection of defendable data, which serves as information on which the Considerations

study is developed. The collection of appropriate or “correct” data is as

important as how those data are interpreted. This chapter helps establish a 5.2 The Data Collection

process for collecting and formatting the data needed for a study. Included in Process

this chapter are descriptions of the range of potential data, considerations for 5.3 Photography and Mapping

determining what data to request, file and directory naming conventions for

electronic files collected, and forms for making the data requests. 5.4 Engineering Data—
Sources

Data collection is as much a process as it is a stage in project development.

It involves answering the following questions: 5.5 Environmental Data

1. What does one need to know about the project, or what type of 5.6  Storing and Filing the

question is the study attempting to answer? Collected Data

5.7 Additional Data

2. What category (type) of information must be requested to answer that :
Requirements

question? What do you need to know about that information in order
to make a data request? 5.8 Additional References

3. Who has, holds, or develops the information?

4. What is the format of the request?

5.1 General Background Considerations

The first two questions above go directly to the background of the study
and data collection. The type of study—in other words, the type of
question to be answered—directly relates to the type of data needed.
Bridge replacement projects may need different data than new route
studies. Urban safety projects need different information than rural
interchange projects. That is not to say that a bridge replacement project
may not need, for example, crash history for the project; but the limits of
the crash history data to be requested and the type of crashes analyzed
may be different. Likewise, the method of analysis and information
presentation may be different.

Similarly, feasibility studies need different information than location
studies. As discussed in Chapters 8 and 9 of this manual, feasibility studies

are more general, less detailed studies of a range of potential solutions to

a transportation problem, whereas location studies are more detailed and : :
This chapter explains

the process of initiating and
completing a project or study
that involves the collection

result in the identification of a specific, recommended solution. Generally,
the more detailed the study, the more effort required to obtain the data.
This greater detail also often means that the data will need more frequent

updating and are more fluid or changeable in nature.
of data.

This section provides guidance on some of the background that needs to

be considered at the beginning of the data collection process.
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5.1.1 Study Period

The study period and the expected steps to be followed
dictate not only the data collection, but also the type

of study. Location studies use information and analyses
that are detailed and time-dependent (for example,
design-year traffic information and recent 3- or 5-year
crash data). If such a study does not quickly progress
into the design phase and construction, these analyses
need to be updated and revised.

Similarly, a NEPA document associated with a
location study has a valid time period—generally

3 years—during which the project must continue

to progress. Many of the individual environmental
analyses used in the NEPA document also have time
periods after which they are no longer valid. Wetland
delineations, for example, generally must be reviewed
after a 5-year period.

The Project Manager should consult with the Project
Management Team (PMT) and Project Advisory
Team (OLE staff) to reach an agreement on the

types of data, analyses, and level of detail necessary
to complete a project based on the time frame for
implementation.

5.1.2 Corridor Study Limits

In keeping with the remainder of this manual, where
other Towa DOT guidance has been provided, this
manual will not attempt to duplicate or interpret

the other guidance. Chapter 1 of the Can-Do Manual
establishes guidelines for determining corridor study
limits. It should be used as a reference in setting the
limits of the study:.

The guidance in the Can-Do Manual is intended to
define a study area wide enough to accommodate the
potential range of alternatives. Establishing a study area
of such size at the outset of a study eliminates (or at
least reduces the potential for) the need to supplement
data collection at a later point in project development,
which could have schedule and cost implications.

For most location studies, the guideline widths
established by the Can-Do process will be used

for corridor study limits. The following, therefore,
represent rules of thumb for setting project and data

CHAPTER 5

gathering limits. Certain resource studies however,
may require larger photogrammetry and mapping
limits in order to fully display potential project
impacts and provide enough data for fieldwork.

Corridor

A 0.25-mile width throughout the corridor

(0.125 mile on both sides of the proposed centerline)
is considered to provide sufficient study area for which
to gather data for resource and engineering purposes.
In most cases, a 0.25-mile-wide study area allows
sufficient room for exploring alternatives without
creating having to the field for additional surveys or
mapping. Note that each resource study may have its
own study limits. This usually depends on the cost,
level of detail, and other details specific to the corridor.

The 0.25-mile width is only a guideline that may be
adjusted based on the resources and terrain within the
corridor. For instance, the location of railroad lines,
dense building developments, lakes, and other natural
and manmade boundaries may require the study limits
to be adjusted. Some areas may be excluded when

it is known that the project will not have an impact

on them. For example, when the project involves an
existing transportation corridor in a densely developed
urban area, the full width for mapping may not be
necessary if the project is not likely to be relocated
very far from its existing alignment. Coordination with
other sections within OLE (e.g., NEPA Compliance

or Wetlands) may be appropriate before finalizing
whether to reduce the study area and mapping.

Side Roads

The area to be studied along a side road is highly
situation-dependent, and should be determined on

a project-by-project basis. The determination should
consider such issues as topography and whether any
work will be necessary at intersections. As a rule, a
200-foot width (100 feet on either side of the centerline)
and 0.5 mile along the side road should be studied.

5-2 PART I - Location Studies



CHAPTER 5

Project Limits vs. Extent of Available Data

How the data will be made available is an issue worth
considering. The geographic extent of available data
sources may not always match exactly the limits of
the Can-Do study area. This is particularly true of
published information. In such cases, it is generally
prudent to collect the larger extent of the available data.

The potential area of effect of a project may extend
beyond the physical footprint of the alternatives. For
example, the areas affected by indirect impacts and
cumulative impacts may be larger than the immediate
project area, as may off-system impacts on the
transportation system. Consideration should be given
to items such as these when determining the extent
of the data collection.

5.1.3 Level of Detail of Requests and
What Is Ordered

Both engineering and environmental data may be
gathered in phases. As broader alternatives are
investigated, early study requests may focus on

less detailed information, whereas more detailed
alternatives analysis and related data requests later in
the project may require a greater level of effort and
detail. The level of detail depends upon the type of
study requested.

Initial engineering data requests may seek all the
known published engineering data about the
project area. The difference in the level of detail for
engineering data may be in the analyses required in
the scope of the project, more so than in the type

of engineering data actually requested. Information
regarding existing traffic, crash history, level of
service (LOS), etc., may be requested initially during
the early stages of project development. If necessary,
additional capacity analyses or traffic simulations
may be requested after the initial data has been
ordered and analyzed.

5.1.4 The PMT and Project Advisory Team
as Sources of Data

This chapter largely addresses the process of
collecting data, but it is important to note that the
PMT is also a source of information for project
development. In this role, the PMT can help to
refine data requests and provide advice on what data
requests should include.

5.2 The Data Collection Process

The data collection process does not always produce
immediate results. Some information may be readily
available, but others (e.g., digital orthophotography)
may need to be ordered and, therefore, require time
to obtain. The data collection process must consider
not only what type of information is needed, but also
the time requirements for getting it and the period
during which the data will be remain valid. For
example, if a project has already been through the
Photogrammetry Section, digital orthophotos and
mapping may be available. However, if a new flight is
required, the Project Manager may need to consider
other means to get information that allow some work
to be done while waiting for the official lowa DOT
mapping and photography. This same process is
applied in other areas of study, such as for wetlands,
where National Wetland Inventory mapping may be
used as a data source for conducting field studies and
early screening activities.

5.2.1 Formats for Data Requests

Requests for data may take on several different forms,
such as e-mail requests or corridor study letters.
Requests should be made to each of the sections or
offices within Iowa DOT from whom it is determined
that data is needed. The sections will in turn assign a
staff member to the project. Collected data should be
presented in geographic information system (GIS) or
computer-aided design and drafting (CADD) layers if
appropriate (wetlands, cultural resources, threatened
and endangered species surveys, etc.), in addition to
a hard copy of the report.
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Some data collection may require field surveys,
which may be completed by lowa DOT staff or

be out-sourced to a consultant depending upon

the nature of the work. This decision is left to the
discretion of the appropriate section. Examples of
information typically requested through the Corridor
Request Letters include the following:

» Utilities
» Threatened and endangered species/
biological studies
»  Wetlands
» Cultural resources
— Archeological
—  Historical
» Regulated substances
» Noise
» Traffic
» Photogrammetry
» Soils
» Pavement condition

» Federal Emergency Management Agency (FEMA)
flood mapping

5.3 Photography and Mapping

For both photography and mapping data collection,
data collection effort may take two paths. The Location
Section Project Manager must first determine whether
mapping and photography is already available. If

they must be ordered, the Project Manager and the
Photogrammetry Section must decide together whether
a planning level or design level digital terrain model
(DTM) is the most cost-effective way to proceed.

The steps involved in obtaining a planning-level DTM
are described below. While much of this work is
completed outside the Location Section, it is important
to understand the steps and effort involved.

1. Order flights.

2. Establish photo control (mark targets, ground
points, and ground survey points).

CHAPTER 5

3. Fly the project area (typically during the spring).
4. Conduct the survey—bench run.
5. Create a stereo plot.

a. Planning-level DTM

b. Photo file

c. Digital orthophotos

To create a design-level DTM, two further steps
are required:

1. Complete a field survey—break lines.

2. Add the additional data to the planning-level DTM.

5.3.1 Digital Terrain Model

Data Source / Data Owner

The Photogrammetry Section orders, formats, and creates
DTMs for lowa DOT. The Location Section may include
DTMs as part of a feasibility study or a location study,
but even in those cases, the proposed work should be
coordinated with the Photogrammetry Section.

Background Considerations

DTMs use a three-dimensional approach known as
triangulated irregular networks (TIN), which record x,
y, and z coordinates of a single point for earth features.
Numerous TINs (depending on surface size) are then
placed next to one another, like pieces of a puzzle,
making a network of TINs that accurately display the
terrain of the study area. DTMs are also used to create
contours and cross sections of land features.'

Towa DOT defines two levels of DTMs: a planning
level and a design level.

Planning-Level DTM

A planning-level DTM is typically generated from
photogrammetrically collected data. That data includes
mass points and breaklines. Mass points are defined

as individual survey points at spot locations in a grid
pattern. Breaklines are defined as a group of points

" Source: University of Melbourne http://www.sli,unimelb.edu.au/planesurvey/prot/topic/
top08-07.html
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representing a terrain discontinuity and are typically
collected as three-dimensional stringlines. Breakline
examples include edge of roads, banks of rivers, streams
and draws, and other terrain break lines as needed. The
planning-level DTM mapping limits should be defined
by the Project Manager and portrayed on an aerial
photo. The perimeters of the corridor are defined as per
the PMT% needs. Refer to the Photogrammetry Section
for the required specifications, including the spacing for
the survey points.

Planning-level DTM mapping limits must be provided
to the Photogrammetry Section during the Order
Aerial Photography event of the Can-Do process.

The planning-level DTM is used to determine a
proposed alignment and critical areas along the
project associated with the terrain. The completed
planning-level DTM will be used for corridor analysis
and the selection of a proposed alignment.

Design-Level DTM

A design-level DTM may be created from lower level
flights or from a planning-level DTM supplemented
with field survey. The field survey will be conducted
in a narrowly defined corridor along the selected
construction alignment. The design-level DTM
mapping limits should be defined by the Project
Manager and portrayed on an aerial photo. The
perimeters of the corridor are defined as per the
PMT% needs along the preferred alignment decision.

Upon completion of the preliminary survey, all field
data collected at critical points and at critical lines will
be merged into the original planning-level DTM. Field-
collected point and line data collected in the design-
level DTM will supersede photogrammetrically collected
data. The planning-level DTM supplemented with field
data then becomes the final design-level DTM.

A design-level DTM may be ordered for Can-Do process
purposes. The flights to capture design-level DTM data
are lower in altitude and more expensive to conduct,
but result in greater detail, as noted in the preceding
discussion. Such level of detail is not typically necessary
for a location study; however, if a project may move
quickly into the design phase, ordering a design-level
DTM at the outset eliminates the need for a second flight
prior to design and therefore reduces overall costs.

If, however, a study will not be quickly progressing
to the design phase, then a new flight may be needed
to capture changes in the project area once design
eventually starts. In such cases, the planning-level
DTM may be the most cost-effective option.

Light Detection and Ranging vs. DTMs

Light Detection and Ranging (LIDAR) is another
method the Towa DOT is using to collect
photogrammetry/DTM information. LIDAR scans
the earth’s surface with infrared laser light to detect
features such as surface features, vegetation, and
structures. LIDAR works by sending a laser light
pulse from an airplane or satellite down to the earth.
The laser pulse is then reflected back to the airplane
or satellite. The time that the laser takes to travel
from the airplane to satellite and back is recorded
and used to measure the distance of each feature.

Format of Data Request

The DTM may be requested from the
Photogrammetry Section by e-mail. If a DTM is not
already available or in process, it may be included in
the scope of a consultant contract.

5.3.2 Digital Orthophotography

Data Source / Data Owner

The Photogrammetry Section is the owner of the
photogrammetry data. The data source is either the
Photogrammetry Section or the Location Section
consultant, when included in a consultant scope for a
feasibility study or location study. The photogrammetry
data are maintained by the Photogrammetry Section
and the files are located on Iowa DOT servers under
the appropriate project directory.

Background Considerations

The Location Section will submit the data request to
the Photogrammetry Section for aerial photography
needs for the upcoming year by November 1 of the
prior year. The data request should be prioritized so
that preliminary survey schedules can be created. At
this time the Location Section should also furnish
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flight boundary limits outlined on past aerial photos
or quad maps. The Location Section should also
provide the desired planning-level DTM date, which
will be used to prioritize the geographic positioning
system (GPS) network scheduling.

Based on the input from the Location Section, the
Photogrammetry Section will lay out flight lines.
The flight layouts should then be given to the aerial
flight contractor performing the work. A project
control will be created and a GPS network plan for
the following year will be determined. The remaining
preliminary data required before the field GPS work
can begin should be gathered at this time. If the
Location Section hires a consultant to do this work
on a project, the work effort should be coordinated
with the Photogrammetry Section.

Format of Data Request

The DTM may be requested from the
Photogrammetry Section by e-mail. If a DTM is not
already available or in process, it may be included in
the scope of a consultant contract. In cases for which
a consultant contract is in effect, coordination with
the Photogrammetry Section is needed.

Initial Data Options

Orthophotos of a project area may be available from
city, county, state, or federal agencies, depending on
the location of the project within the state. Potential
sources include:

» lowa Geographic Map Server (http://ortho.gis.
iastate.edu/).

» GeoCommunity—This is a commercial site;
however, it does offer free downloads
(http://data.geocomm.com/).

» Iowa DNR Geological Survey—Iowa imagery
can be found here (http://www.igsb.uiowa.edu/

nrgislibx/).
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5.4 Engineering Data—Sources

At the initiation of the project, the Location Studies
Project Manager should start identifying and

collecting pertinent engineering data from available
sources. The following topics should be considered.

5.4.1 Published Program Documents
(Including 5- and 25-Year Plans)

Published program documents include the 5-year
program, State Transportation Improvement Plan
(STIP), Long-Range Transportation Plan (LRTP),
transit plans, trail plans, bicycle and pedestrian plans,
rail and aviation system plans and updates to these
plans. If the Location Section does not have a current
copy of these plans, they may be requested from the
Office of Systems Planning or Program Management.
The documents are also available online at
http://www.iowainmotion.com/index.html or
http://www.dot.state.ia.us. Other program
documents that affect transportation planning and
the transportation system include county, local, and
regional transportation plans, as well as land-use

and development plans. Many of these plans are
available on the Internet, or they can be requested
directly from the agencies involved through early
coordination or corridor request letters.

Knowing what is planned is required if federal aid

is involved, assists in the determination of logical
termini for projects and the prioritization of projects,
and ensures that projects do not conflict with long-
term land-use or transportation goals.

5.4.2 Traffic Volumes and Projections

Traffic data generally fall into two categories:
existing (traffic volumes and counts) and projected
(traffic forecasts).

Existing

Existing traffic data include traffic counts on
roadway segments from automatic traffic recorders
or specific count programs, information on vehicles
miles traveled (VMT), and turning movement count
information at intersections.
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Existing data are available from the lowa DOT%
Transportation Data Section, a primary source for
traffic data. The Transportation Data Section can
provide online maps with traffic counts displaying
road networks at the city, county, and state level.
Existing traffic data may be available from other
sources, including the MPO, county, city, previous
studies, or specific projects. The type and quality

of these sources should be evaluated relative to the
intended use. Data may be requested by e-mail. The
format for requesting information from a local MPO
may vary on a case-by case basis.

Existing traffic data that are commonly used include:
all-day traffic counts, a.m. and p.m. peak hour counts, the
peak hour factors (PHF), LOS, average running speed,
and free flow speed. The types of existing data available
from the Transportation Data Section are as follows:

»  Average annual daily traffic AADT) on primary
roadway segments—the total number of
vehicles in a year divided by 365 for a specific
roadway segment.

» Average daily traffic (ADT)—the average traffic
volume for a 24-hour period, over a period
of time, which is less than a year. ADT can be
figured for a month, a week, or daily.

» Automatic traffic record (ATR) Monthly Report—
monthly and cumulative traffic trends as
compared to the previous year.

» ATR Annual Report—annualized traffic trends
compared over the previous decade.

» Average speed—average travel speed calculated by
permanent recorders or specific studies.

» Average running speed—Dbased upon the running
time of a vehicle. Running time is the total time
that the vehicle is moving. It does not account
for any stops or delay.

» Total travel time—the total time it takes a vehicle
to travel from point A to point B. Total travel
time takes into account stops and delays.’

» Average free flow speed—the speed that it would
take a motorist to drive under ideal conditions.
Conditions such as congestion and adverse

2 Source: Roess, McShane, and Prassa. Traffic Engineering. Second Edition. 1998,

weather do not apply to free flow speed. The free
flow speed decreases as the number of “passenger
cars per hour per lane” increases.?

» Intersection turning movement counts—hourly or
15-minute summaries of all vehicles, single unit
trucks, and combination trucks counted; and an
estimated AADT turning movement.

» LOS—Iettered A through F LOS describes
the operating conditions for different types
of roadway facilities. LOS A is equivalent to
favorable operating conditions, with free flowing
traffic. LOS F indicates the worst operating
conditions, where queuing and congestion are
present. LOS is usually determined by measures
of effectiveness (MOE), which are representative
of traffic operations. Speed and travel time,
density (vehicles), and delay typically are used as
MOEs to determine LOS.

» Portable recorder counts—annual average daily
traffic with a summary showing the traffic by
hour for the duration of a recorder being set at a
specific location.

» Permanent recorder—continuous traffic data
collected by hour at specific locations.

»  Peak hour volume—the hour in a 24-hour period
with the highest hourly volume of traffic. The
peak hour volume is also known as the peak
hour or rush hour.

»  Peak hour Factors (PHF)—the ratio of the total
hourly traffic volume to the peak rate during the
hour (usually observed in 15-minute intervals).

— PHF = hourly volume / peak rate of flow, OR

—  PHF (for 15-minute intervals) = hourly
volume /4 x V15 where V15 = volume
during the peak 15-minute interval

»  Vehicle Classification Data—specific recorder
locations that provide vehicle type data by
13 classifications designated by the FHWA.

»  Vehicle miles traveled (VMT)—total miles driven
by vehicles over a given road segment over a
period of time.

* Source: University of Idaho. Transportation Engineering Onling Lab Manual.
hittp://www.webs 1.uidaho.edu/niatt_labmanual/Chapters/capacityandlos/
theoryandconcepts/FreeFlowSpeedAndFlowRate.him
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» Equal single axle load (ESAL)—weight and class
distribution tables of sampled truck traffic.
ESAL must be requested for use with pavement
determination.

»  Expansion factors—a listing of factors by hour,
day of the week, or month used to expand short-
term portable recorder or turning movement
counts to AADT.

» Design Hour Factors—30th highest hour
calculated from permanent recorders.

Existing traffic data is used to establish base
conditions on travel performance for projects. The
analysis will be used in the assessment of existing
traffic operations and support the purpose and need
for the project. Existing traffic counts are used to
calibrate and validate travel demand models to help
forecast future traffic as consistently as possible.

Electronic traffic data can also be found on these
lowa DOT webpages:

» lowa DOT maintains a webpages with GIS data for
the state. The Coordinated Transportation Analysis
and Management System (CTAMS) provide GIS

Table 5-1

Activities That Use Traffic Characteristics Data
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data online at http://www.dot.state.ia.us/gis/. GIS
data found at CTAMS includes county road data

from 2002, statewide structures from 2002, and

city and county limits.

Iowa DOT’s website is a good tool when looking for
roadway and traffic information. Maps with AADT
counts can be accessed online by city and county.
These maps are found at http:/www.iowadotmaps.
com. Detailed maps for the state, counties, and
cities can be obtained electronically as well. The
maps provide detailed and current information on
road networks and are available at the same site.

Also located on the Towa DOT website are
federal functional classification maps. Functional
classification maps by city and for certain urban
areas can be obtained online at http://www.
sysplan.dot.state.ia.us/fedfuncclass.html. The
maps can be opened and downloaded as .pdf
files or MicroStation files.

Traffic data can be used in a variety of ways, as
demonstrated in Table 5-1.

Vehicle Classification

Highway Activity Traffic Counting

Truck Weighing

Engineering Highway geometry Pavement design Structural design

Engineering economy Benefit of highway improvements Cost of vehicle operation Benefit of truck climbing lane

Finance Estimates of road revenue Highway cost allocation Weight Distance Taxes

Legislation Selection of highway routes Speed limits and oversize vehicle policy Permit policy for overweight
vehicles

Maintenance Selecting the timing of maintenance | Selection of maintenance activities Design of maintenance actions

Operations Signal timing Development of control strategies Designation of truck routes

Planning Location and design of highway systems | Forecasts of travel by vehicle type Resurfacing forecasts

Environmental analysis Air quality analysis Forecasts of emissions by type of vehicle Noise studies, NO, emissions

Safety Design of traffic control systems and | Safety conflicts due to vehicle mix and Posting of bridges for load limits

accident rates accident rates

Statistics Average daily traffic Travel by vehicle type Weight distance traveled

Private sector Location of service areas Marketing keyed to particular vehicle types | Trends in freight movement

Source: FHWA Traffic Monitoring Guide at http.//www.fhwa.dot.gov/ohim/tmguide/tmg1.htm#ch3
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Projected

Regional travel demand models are used to forecast
and estimate future traffic volumes. Future traffic
volumes are based on forecasted land use and
socioeconomic growth anticipated for the regional
area. It is required that the regional MPO maintain
an active travel demand model and use it for the
development of its long-range planning efforts.

The Office of Systems Planning at lowa DOT or the
local MPO maintains the regional travel demand
models. Traffic forecast data from the Office of Systems
Planning and the local MPO may be requested by
e-mail. Based on project-specific needs, if a consultant
is tasked with traffic forecasting processes, then the
consultant must make sure to coordinate with the
Office of Systems Planning and regional MPO for

their input and review. When requesting forecast data,
be sure to identify the forecast design year. This is
typically design year plus 20 (that is, if the construction
year is 2005, then the forecast design year is 2025).

Future forecasted traffic data are used for long-
range transportation planning and programming.
Future traffic forecasts are generated from regional
travel demand models. The regional travel models
estimate traffic on all-day, peak-period, or peak-hour
time slices. The traffic forecasts are used to estimate
growth factors based on existing counts on projects
for planning and programming purposes.

Data Requests

Traffic data requests are to be made to the Office
Systems Planning through the completion of a Traffic
Forecast Request form and submitting the form
through the Pavement Design and Management
Section in the Office of Design. Requests should
include contact information as well as the following:
» Project number and project description

» Design year

» Turning movements

» Peak hour traffic

» Study limits

» Side roads where traffic projections are needed

5.4.3 Crash Data

Primary Data

Police crash reports are the primary source of crash
data. lowa DOT5 Office of Traffic and Safety maintains
a database of crash history in the state called TraCS.
TraCS creates a database at the local enforcement office
and transmits the data electronically to the Motor
Vehicle Division statewide DB2 database. For more
information on TraCS visit http://www.tracsinfo.us/.

Data Analysis

The Safety, Analysis, Visualization, and Exploration
Resource (SAVER) is an analysis tool that primarily
uses the crash records from the DB2 database.
SAVER enables mapping, querying, reporting, and
visualization of safety data. Refer to the lowa DOT
crash analysis resources website: http://www.dot.
state.ia.us/crashanalysis/savermain.htm for more
detailed information.

The SAVER database allows for in-depth traffic safety
analysis for lowa. With the integration of GIS, SAVER
allows for crash locations and data to be mapped.
Data of interest provided by SAVER includes the
location of the crash, time of day, severity, type or
basic characteristics of the crash, environmental
conditions, and vehicle and driver characteristics.

Crash data is inherently imprecise because not

all crashes are reported and, for those that are
make it into the SAVER program may be recorded
with inaccuracies. Some error can be found in a
database such as SAVER because inconsistencies in
the collection and recording of crash reports. For
example, when a crash occurs, in many instances,
the officer on the scene writes a report that records
the date, location, and relevant information. This
information is then transferred from paper to
electronic format, which is input into SAVER. In this
process there are many instances where error might
occur, such as the transition from the written report
to the electronic file.

PART I - Location Studies 5-9


http://www.tracsinfo.us/
http://www.dot.state.ia.us/crashanalysis/savermain.htm
http://www.dot.state.ia.us/crashanalysis/savermain.htm

Data Requests

Data requests can be made to the Office of Traffic and
Safety. Requests should include contact information
as well as the following:

» Beginning and ending date

» Detailed site and problem description (that
is, enough information to locate the site or
understand the requester’s need)

» Detailed description of desired output
(maps, counts, tables, particular interests and
subsets, graphs)

» Detailed explanation of request reason/impetus

» Comments/suggestions/questions

The SAVER Training Guide and User Guide/
Manual can be found at: http://www.dot.state.ia.us/
crashanalysis/savermanualandtrainingguide.htm.

Safety

Crash data are used in the analysis of existing
conditions, and specifically safety studies. For
example, a history of the number and types of
crashes experienced by the existing transportation
facility provides a means of comparison to other
similar facilities, as well as an indication of the nature
of problems requiring future correction. Safety may
be measured by crashes per mile or crashes per
million vehicles entering an intersection.

5.4.4 Pavement Information

Pavement information, including the pavement
condition report/index, may be used by contractors
and engineers to determine pavement condition,
life expectancy, methods of pavement removal, and
possible opportunities to incorporate and reuse the
existing materials. Towa DOT also uses pavement
information to project financial needs and allocate
financial resources.
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Pavement History

Pavement history information can be obtained from
the IDMS database through the Pavement Management
Information System (PMIS). The information is
available in both electronic and hard copy and

is broken down by route number and milepost.
Pavement history information may also be obtained
from the document entitled Test Sections by Mileposts,
which is prepared by the Office of Materials.

Pavement Condition Index

In Towa, automated pavement condition data are
collected for the entire county paved network through
the Iowa Pavement Management Program (IPMP)

for federal-aid portions and the lowa DOT non-
federal-aid-eligible county project for the remaining
paved miles. The IPMP is a statewide program to
develop pavement condition databases to support the
application of pavement management by the Iowa DOT
and cities and counties for the federal-aid-eligible
highways within their jurisdictions. Condition data are
collected using automated equipment. This equipment
uses lasers and digital video to collect roughness,
rutting, and cracking information. Automated distress
data are objective and consistent, and provide for a
complete coverage of the pavement surface.

The Pavement Condition Index (PCI) is a composite
measure of the pavement condition. It combines all
the distresses collected (cracking, patching, ride,

and roughness) into a single measure of pavement
condition (on a 0 to 100 scale). Different distresses can
have different weights in the PCI calculation process.

The Office of Materials should be consulted for
PCI information.

Sufficiency Ratings

In Towa, the numerical process of rating roadway and
structures is called a sufficiency rating study and is
published each year for the Primary Road System as
required by Section 307A.2(12) of the Code of Towa.
Sufficiency ratings allow highway administrators to
measure a particular road section objectively with all
other road sections in the state against a selected LOS.
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In 1974 lowa DOT developed a sufficiency rating
process that provided for a direct comparison of all
primary road section ratings, rural and municipal.

The approach used was termed “the tolerable standard
approach.” A tolerable standard is defined as the
minimum prudent condition—geometric or structural—
that can exist without being in need of upgrading.

The Office of Materials should be consulted

for sufficiency rating information. A searchable
sufficiency rating database and additional
information about the sufficiency rating process
may be found at: http://www.sysplan.dot.state.ia.us/
sufficiency/index.htm.

5.4.5 Bridge / Structure Information

Bridge and structure information may be used by
contractors and engineers to determine structure
condition, life expectancy, and possible opportunities to
incorporate and reuse existing materials. Iowa DOT also
uses structure information to project financial needs
and to allocate financial resources, by planning for
future structure modification or replacement.

Background and Preliminary Bridge Considerations

The Bridge Rating Engineer in the Office of Bridges
and Structures maintains a record of bridge inspection
reports that provide background and preliminary
bridge information. Bridge and structure information
may be requested by e-mail from the Bridge Rating
Engineer in the Office of Bridges and Structures.

Sufficiency Ratings

As discussed in Section 5.4.4, lowa publishes bridge
sufficiency ratings each year. The process used to
calculate sufficiency ratings for structures in past

years has been eliminated and the corresponding
structure data has been replaced with federal structural
inventory and appraisal data. The rating listed in the
log is the federal sufficiency rating used to evaluate
structure conditions and federal funding eligibility.

A searchable sufficiency rating database is located
at: http://www.sysplan.dot.state.ia.us/sysplanapps/
b1123010/query.asp.
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5.4.6 As-Built Plans

As-built plans are useful in determining the existing
conditions of the facility being evaluated. Scanned
copies of as-built plans are maintained in the Electronic
Records Management System, a document management
system administered by Records Management Services.

Field visits may also provide early information
about as-built conditions, including measurements
and photos.

5.4.7 Utility Locations

Both utility locations and planned utility improvements
should be investigated to determine compatibility with
proposed transportation improvements. Utilities of
concern include telephone lines, telegraph lines, electric
transmission lines, gas lines, and railroad tracks. Utility
information should be requested from the District or
the utility section in the Office of Local Systems by
e-mail. Statewide GIS data can be obtained online.

Field observations and local maps provide basic
utility information. Municipal websites may also
provide sources.

5.4.8 S1 Soils Review

NRCS county soils books, lowa Geological Survey
publications, or digitally available data may provide
preliminary soils information. The NRCS’s web Soil
Survey is available at: http://websoilsurvey.nres.
usda.gov/app/WebSoilSurvey.aspx. The formal soils
review may be requested by e-mail from the Office of
Design, Soils Section, or may be identified as a need
during a PMT meeting.

The need for borrow material (and potential
quantities) and an estimate of borrow acreage should
be noted in communications with the Soils Section.
Shale considerations, soil considerations, and
potential material sites should also be identified.
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5.5 Environmental Data

Environmental data are requested by the Location
Studies Project Manager. The Resource Section supplies
the data and provides analysis of the data.

A 3-step approach typically is used to identify the presence
of target resources within the project area. The appropriate
phase is dependent on the project development stage and
the level of effort required in obtaining the required data.
Part IV of this manual includes information about the data
needs for the various resources that may be investigated as
part of the feasibility or location study.

» Step 1 involves a database and literature search
for the presence of target resources that may be
located within the project area.

» Step 2 consists of a windshield survey or site
review (drive-through) of the project area with
the purpose of identifying target resources that are
easily identifiable from the roadway. This step does
not involve detailed fieldwork and should be done
in combination with the information obtained
through the database search.

» Step 3 consists of a walk-through of the study area
to verify the presence, or lack, of target resources.
This step is used to field verify information
obtained during the database search.

Agency coordination should be a constant throughout
the three steps, but it will be dictated by the needs of
the project and whether the project is included in the
NEPA/404 concurrence process.

See the resource chapters in Part IV, as shown in
Table 5-2, for a more detailed discussion of data
requests and study methodology.

5.6 Storing and Filing the
Collected Data

Once data have been received or collected, they should
be stored or filed in the appropriate locations and file
structure to provide a record of the information that
was used in the various project analyses. Hard copies of
data, correspondence, electronic files (CADD/GIS), and
other file materials should be maintained as discussed in
Chapter 2, Project Management.
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Table 5-2

Resource Chapters in Part IV

Resource

Introduction: Resource Studies 25
Surface Water and Water Quality 26
Special River Designations 27
Waters of the United States, Including Wetlands 28
Floodplains and Hydraulics 29
Threatened and Endangered Species, Wildlife, and 30
Upland Communities

Land-Use Impacts 31
Social/Community Impacts 32
Environmental Justice 33
Relocation Impacts 34
Economic Impacts 35
Energy 36
Visual Impacts 37
Air Quality 38
Noise 39
Agriculture 40
Regulated Materials 41
Cultural Resources: Archaeology, Historic/ 42

Architectural Preservation, and Tribal Notification

Reserved for future additions 43

5.7 Additional Data Requirements

5.7.1 Functional Design

As the location process proceeds into functional design,
additional design-related information will be required

to develop the plans and their associated environmental
consequences. Functional design often immediately
follows the concept design phase. However, if several
years elapse between phases, it may be necessary to
update the existing and forecast data in order to confirm
previous assumptions. For example, a project that began
as a feasibility study and did not immediately proceed to
a location study may require updated data.

When revisiting previous assumptions, it is important
to recognize that most traffic forecasts assume a
minimum 20-year planning period. Unless significant
unplanned traffic generators are going to be developed
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within that time, the traffic forecast prepared for
the concept phase should be sufficient. Other time-
sensitive information includes the following;

» Crash data

» Land use/population

» Environmental data

» Condition reports (structures and pavement)

» Aerials and mapping

The procedures discussed in the chapter should be used
to obtain up-to-date data. Consideration should be
given to each data type discussed and to whether they
need to be updated.

5.7.2 Preliminary Location Design

To advance the preliminary location design process for
the preferred alternative, it is often necessary to augment
early mapping and survey data with more detailed

field data suitable for preliminary and final design
development. It may be appropriate to obtain field data
related to subsurface (soil) conditions or utility facility
locations so that location design plans reasonably reflect
site conditions. If several years have elapsed between
the functional and preliminary location design phases, it
would also be appropriate to review and update existing
and forecast design year traffic to confirm previous
assumptions and recommendations.

The following additional data may be required to
advance the preliminary location design:

» Mapping—Throughout the course of developing
projects in the Can-Do Process, it is important to
have mapping that will be used throughout the
remainder of the design. if not done previously,
high-flight aerial photography should be
produced for use throughout the remainder of
the design process.

» Digital Terrain Model—A digital terrain model
of the area should be created. The collection of
features will involve determining the horizontal
and vertical (elevation) positions of terrain
features. The model should yield a precise

representation of the terrain along the corridor
by incorporating such information as spot
elevations, mass points, and break lines.

»  Supplemental Ground and Drainage Surveys—
Existing surveying data should be reviewed, and
supplemental ground, drainage, and existing
right-of-way surveys should be conducted
as needed:

— Locate aboveground features that do not
show on aerial surveys.

— Incorporate these features in the planimetric
base mapping file.

—  Obtain invert elevations at manholes of
existing storm and sanitary sewers.

—  Prepare digital plan and profile of existing
storm and sanitary sewers.

Obtain supplemental ground and drainage survey
information as needed to define off-system
improvement needs associated with construction
staging traffic operations.

» Hydraulic Surveys—Hydraulic surveys should
be performed to support development of a
hydraulic report. This should include compiling
existing cross sections. Cross sections should be
developed in digital format.

» Right-of-Way Surveys—The existing right-of-
way should be surveyed within the maximum
improvement limits of build alternatives.
Right-of-way dimensions obtained from as-
built plans and other data sources should be
verified during prior studies. Drawings should
be prepared showing existing rights-of-way. The
T1 level survey work is typically completed by
the District.

» Mainline Surveys—Mainline centerline, pavement
edges, and shoulder edges should be surveyed on
50-foot increments. Additional pavement shots
would be needed in locations where existing and
proposed profiles tie in.

»  Cross Road Surveys—Existing side roads should
be surveyed as needed to obtain centerline and
edges of pavement on 50-foot increments.
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5.8 Additional References

Other links and attachments with data and relevant
information are listed below. These resources were
not covered in this chapter, but they are very useful
in the data collection process.

lowa DOT Photogrammetry website:
http://www.dot.state.ia.us/.

Towa DNR: http://www.igsb.uiowa.edu/.

Iowa Geographic Image Map Server:
http://ortho.gis.iastate.edu/.

U.S. Fish and Wildlife Service: http://www.fws.gov/.
USGS website: http://www.usgs.gov/.

USGS, Towa Water Resources Science Center:
http://ia.water.usgs.gov/.

USGS, Upper Midwest Environmental
Sciences Center, lowa GIS data:
http://www.umesc.usgs.gov/.

NOTES:
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Existing Conditions Analysis CHAPTER 6
This chapter provides guidance on the analyses performed to examine 6.1 Infrastructure Condition
existing systems and to project their performance characteristics over time.
It addresses the following: 6.2 Geometric Features
» Infrastructure condition 6.3 Crash Data Analysis

_ (Tools and Techniques)
» Geometric features
»  Crash analyses 6.4 Traffic Volumes/ Projections
» Traffic volumes and projections 6.5 Highway Capacity Analysis
» Capacity analysis Tools
» Level of Service (LOS) 6.6 Level of Service
> System operational features 6.7 Operational Features of
These analyses are important both individually and cumulatively. By Freeways and Interchanges
considering all the performance features of a facility, an understanding of 6.8 Documentation

potential alternatives with features that would address the problems of the
existing facility can be gained. That understanding allows lowa DOT and
other project sponsors to identify the goals and basic criteria to be applied
to the project and form the basis of the alternatives evaluation.

A comprehensive analysis of the transportation facility is required to
evaluate its ability to meet current and projected travel demands and

to establish a framework within which to develop improvements. The
purpose and need statement for a transportation improvement project
relies heavily on an appraisal of the adequacy of the existing facility. Also,
the development and testing of alternative improvement concepts is
guided by the type, magnitude, and location of deficiencies uncovered in
the analysis. The existing condition analysis should consider the following
components for all projects:

» Pavement and Structure Conditions—The level of improvements will
be determined largely by physical adequacy of the existing facility. If
some of or all the pavement and structures can be reused, the cost of
modifications can be reduced substantially.

»  Geometric Design—TIf design of the existing facility does not comply
with current accepted standards, it may be necessary to modify or

reconstruct the facility.

»  Safety—A history of the number and types of crashes experienced This chapter provides

provides a means of comparison to other similar facilities and an .
guidance on the analyses

indication of the nature of problems requiring future correction. . _—
performed to examine existing

» Capacity Operations—TIt is important to know how much reserve systems and to project their
capacity is available with the existing facility. This is a required input performance characteristics
to potential improvements. over time.
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»  System Operational Features Related to Freeway
Geometry—TFreeway operational analysis requires
special treatment because of unique operating
characteristics of the highway. Attention must be
given to lane and route continuity, lane balance,
ramp sequence and spacing, and signing.

Analyses should be done to evaluate relationships
among deficiencies and the overall effect on
system operations.

There are several methods for reviewing and analyzing
physical, operational, and geometric features.
Information such as roadway width, gradient,

curve radii, and K values commonly is gathered
quantitatively. These values are compared to the
design criteria specified in the lowa DOT Design
Manual or the American Association of State Highway
and Transportation Officials (AASHTO) Policy on
Geometric Design of Highways and Streets (Green Book)
to determine the sufficiency of the facility. It is then
determined whether each feature meets or fails to
meet the specified design criteria. Other roadway
features or characteristics that are commonly evaluated
qualitatively include the following;

» Traffic operational performance

» Safety performance based on a comparison of
crash data with that on similar facilities

» Physical condition of roadways and bridges

» Geometric performance based on current design
guidelines

» Overall system operational characteristics for
freeway facilities

Performance measures are a means of determining
the adequacy of each feature. For example, traffic
operational performance may be measured by
average speed, volume/capacity ratio, or LOS. Safety
may be measured by crashes per mile or crashes

per million vehicles entering an intersection. For
each performance measure, qualitative ranges are
developed to express the degree by which each
feature met or failed to meet a desirable level of
compliance. This allows a better understanding of
problems and their causes. Qualitative ratings such as
the following are commonly used:
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» Exceeds, meets, does not meet
» Good, fair, poor

» High, medium, low

The qualitative and quantitative ratings often are
displayed graphically over the length of a roadway.
Through use of symbols or shading, segments where
one or more features do not meet design criteria or
have been assigned “poor” or “low” ratings are easily
identified. This type of presentation allows reviewers,
either professionals or the general public, to target
areas of poor performance or design.

6.1 Infrastructure Condition

6.1.1 Introduction

The age, physical condition, and remaining
functional life of pavement and bridges are another
important early consideration in the project
development process. An early assessment of physical
condition ensures that the alternatives design features
properly reflect the nature of required infrastructure
improvements. The end of remaining functional

life should be compared to project design year.
Pavements and bridges are assigned sufficiency
ratings based on physical condition and remaining
functional life. Desirably, the improved facility would
require minimal maintenance repairs through the
design year.

6.1.2 Structural Evaluation

The decision regarding the practicability of reusing
or rehabilitating an existing structure within the
roadway improvement relies on the following factors,
available from the Bridge Maintenance Office:

» Age of the bridge

» Physical condition and identified deficiencies
that require repair

» Soundness of the substructure, superstructure,
and deck

» Need for geometric or hydraulic improvement
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The means for requesting bridge information
is described in Section 5.4.5, Bridge/Structure
Information.

If an existing bridge is structurally sound, if it meets
the project’s design loading, minimum width and
clearance requirements, and if it is not a high crash
location, it probably will be cost-effective to retain
at least some elements of its elements. In some
cases, only the bridge substructure (abutments,
piers) or foundation (footings, piles) may need to
be rehabilitated. In others, it may be appropriate to
retain or rehabilitate the substructure and to replace
the superstructure or deck. The latter generally
would occur when geometric features of an existing

structure, such as width, clearances, or profile, would

be incompatible with the planned improvement.

6.1.3 Pavement Condition

When an improvement to an existing roadway is
planned, a decision must be made regarding the
feasibility of reusing the existing pavement within the
improvement, or whether the pavement should be
rehabilitated or replaced. The condition of existing
pavement must be known to make an informed
decision as to whether the pavement can be used
in its present form, or whether rehabilitation or
complete reconstruction are required. Elements

of information needed to support such a decision
include the following:

» Pavement type and date of original construction
» Subsequent pavement rehabilitation
» Traffic history

» Rutting, roughness, and faulting data

The presence of ruts in asphalt pavement indicates
excessive pavement wear, an unstable mixture, or
permanent deformation in the pavement structure
by traffic loading. Deep pavement ruts can be a
significant hazard to drivers. Water can pond in ruts
and create a potential for excessive spray, which

can obscure a driver’ vision, and for hydroplaning.
Roughness also serves as an indicator of pavement
performance and the need for rehabilitation. The
presence and degree of faulting—the difference in

elevation across a pavement joint or crack—affects
the selected type of rehabilitation. Evaluation of the
remaining pavement life would consider alternative
pavement improvement concepts.

6.2 Geometric Features

6.2.1 Introduction

Several principal elements of design, such as the
following, are common to all classes of highways
and streets:

» Horizontal alignment
» Vertical alignment
» Sight distance

» Cross section

As a prerequisite to analysis of geometric features,
criteria, or values need to be established that describe
compliance with established design criteria. It should
be recognized that any existing roadway was built

to guidelines and standards in effect many years

ago. Many of the standards may have changed over
the years as a result of research, change in typical
driver, operational experience, and changes in vehicle
characteristics. By applying current criteria and
standards as a basis for evaluating older roadways,
opportunities can be discovered for upgrading
outdated system features to current standards.

The AASHTO Green Book explicitly recognizes the
relationship between the functional classification of a
highway and the design criteria. The Iowa DOT Design
Manual likewise relates design criteria to functional
classification. The AASHTO Green Book states:

The first step in the design process is to define the
function that the facility is to serve. The LOS needed
to fulfll this function for the anticipated volume
and composition of traffic provides a rational and
cost-effective basis for the selection of design speed
and geometric criteria within the ranges of values
available to the designer. The use of functional
classification as a design type should appropriately
integrate the highway planning and design process.
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The functional classifications listed in the AASHTO
Green Book are not used in Iowa. Instead,

Iowa DOT has opted to use the following functional
classification system:

» Freeways

» Expressways

» Super two-lane highways

» Rural two-lane highways

» Transitional facilities

» Reduced-speed urban facilities

» Ramps and loops

See also Section 1C-1, Design Guide for New and
Reconstructed Highways, of the lowa DOT Design
Manual for design criteria for each highway functional
classification.

6.2.2 Selection of an Appropriate Design
Speed for Review

Before reviewing existing geometry, an appropriate
design speed must be established that will be
acceptable for future design modifications within the
system. Because design speed has a direct correlation to
the roadway design criteria, it is important that design
speed be considered carefully at the onset of a project.

The assumed design speed should be a logical one
with respect to topography, anticipated operating
speed, adjacent land use, and functional highway
classification. Except for local streets, where speed
controls frequently are included intentionally, every
effort should be made to use as high a design speed as
practical to attain a desired degree of safety, mobility,
and efficiency within the constraints of environmental
quality, economics, aesthetics, and social or political
impacts. Once the design speed is selected, all the
pertinent highway features should be related to it to
obtain a balanced design.’

The selected design speed should be consistent with
speeds that drivers are likely to expect on a given
roadway. If design speed is set too high, it may not be
feasible to meet all the horizontal and vertical criteria,

" AASHTO Green Book—Palicy on Geometric Design of Streets and Highways.
Washington DC. 2004,
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resulting in future design exceptions. Alternatively,

if design speed is set too low, traffic may travel at a
higher rate of speed than the system was designed for,
resulting in crashes.

6.2.3 Horizontal Alignment

The horizontal alignment consists of a series of
tangents, curves, and transitions that define the route
taken by a highway. Horizontal alignment generally
is the governing factor in determining speed on rural
highways. The selected design speed establishes the
limiting values of curve radius and minimum sight
distance. In urban situations, however, horizontal
alignment is patterned to the existing street system,
and minor horizontal alignment changes usually are
made at intersections.

The Green Book suggests the following considerations
pertinent to evaluation of horizontal alignment:

» Directionality—Winding alignment composed of
short curves usually leads to erratic operation.
Also, long tangents are needed on two-lane
highways so that sufficient passing sight distance
is available on as great a percentage of the
highway length as practical.

» Curvature—The minimum radius of curvature
for a designated design speed should be avoided
where practical. Generally flat curves are
preferred. The central angle of each curve should
be as small as physical conditions permit.

»  Consistency—Sharp curves should not be
introduced at the ends of long tangents. Sudden
changes from areas of flat curvature to areas of
sharp curvature are undesirable.

»  Kinks—For small deflection angles, curves should
be sufficiently long to avoid semblance to a kink.

»  Compound Curves—The use of compound curves
should be avoided where curves are sharp. The use
of compound curves on ramps, with a flat curve
between two flatter curves, is not good practice.

»  Reversals—Reversals in alignment should be
avoided. Such changes make it difficult for
drivers to stay within their own lanes. It is also
difficult to superelevate both curves adequately,
and erratic operation may result.
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»  Broken-back Curves—A broken-back arrangement
of curves (with a short tangent between two
curves in the same direction) is undesirable
in most situations. Except on circumferential
highways, most drivers do not expect successive
curves to be in the same direction.

»  Coordination with Vertical Alignment—Horizontal
alignment should be coordinated carefully
with the profile, from the standpoints of sight
distance, aesthetics, and driver comprehension
of the highway visible ahead. The view of the
road, the distance the driver can see, correct
interpretation of horizontal and vertical
alignment in combination (which avoids
distortions and misleading characteristics),
and awareness of smoothness and rhythm
of longitudinal form (aesthetic quality) all
contribute to driver comfort and safety.

6.2.4 Vertical Alignment

Elements of vertical alignment consist of minimum
and maximum grades, critical length of grade, truck
climbing lanes, vertical curvature, vertical clearance,
and roadway aesthetics. Whereas horizontal
alignment is most affected by speed, topography

has a more pronounced effect than speed on vertical
alignment. The Green Book suggests that the
following general controls be considered with regard
to vertical alignment:

»  Gradeline—The profile gradeline is described by a
series of tangents connected by parabolic vertical
curves. A smooth gradeline is preferable to a line
with numerous breaks and short lengths of grades.
Specific design criteria are the maximum grade
and critical length of grade, but the manner in
which they are applied and fitted to the terrain on
a continuous line determines the suitability and
appearance of the finished product.

»  Roller Coaster—A “roller coaster” type of profile
is undesirable, especially where the horizontal
alignment is relatively straight. This type of
profile is unattractive and may be hazardous.

»  Undulating Gradeline—Undulating gradelines
involving substantial lengths of momentum
grades should be evaluated because of the effect
they have on traffic operations. Such profiles
permit heavy trucks to operate at higher overall
speeds than when an upgrade is not preceded
by a downgrade, but may encourage excessive
speeds of trucks with attendant conflicts with
other traffic.

»  Broken-back Curves—A “broken-back” gradeline
(two vertical curves in the same direction
separated by a short section of tangent grade)
is undesirable. This alignment is particularly
noticeable on divided highways with an open-
ditch median section.

» Long Grades—On long ascending grades, it
is preferable that the steepest grade be at the
bottom with a flatter grade near the top. It is also
desirable that a sustained grade be broken with
short intervals of flatter grade.

» Intersections—When an at-grade intersection
occurs on a section with moderate to steep
grade, it is desirable that the gradient be reduced
through the intersection.

» Sags—Sag vertical curves are undesirable in cuts
unless adequate drainage can be provided.

6.2.5 Sight Distance

The AASHTO Green Book presents the following
general considerations regarding sight distance:

A driver’s ability to see ahead is of the utmost
importance in the safe and efficient operation of a
vehicle on a highway. For safety on highways, the
designer should provide sight distance of sufficient
length that drivers can control the operation of their
vehicles to avoid striking an unexpected object in
the traveled way. Certain two-lane highways should
also have sufficient sight distance to enable drivers
to occupy the opposing traffic lane for passing other
vehicles without risk of crash.

The Towa DOT Desigh Manual specifies five categories
of sight distance that should be considered in
assessing the adequacy of an existing roadway:
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» Stopping sight distance

» Decision sight distance

» Passing sight distance

» Sight distance on horizontal curves

» Sight distance on vertical curves

Stopping Sight Distance

Stopping sight distance is the sum of two distances:

(1) the distance traveled by the vehicle from the instant
the driver sights an object necessitating a stop to the
instant the brakes are applied, and (2) the distance
needed to stop the vehicle from the instant that brake
application begins. These are referred to as brake
reaction distance and braking distance, respectively.?

Roadway segments are deemed deficient when
adequate stopping sight distance for the appropriate
design speed, as specified in the lowa DOT Design
Manual, has not been provided.

Braking distance is affected by grade. Uphill grades
reduce braking distance, and downhill grades
increase it. As a general rule, sight distance on
downgrades is greater than on upgrades, more or less
automatically providing the appropriate correction
for grade. lowa design guidelines, therefore, do not
require an adjustment for grade except for one-way
roads or divided highways with independent profiles
for the two roadways.

While the sight distance design values provided in
the Design Manual are based on passenger cars, they
also apply to trucks since the truck driver typically is
seated higher, thus having greater sight distance.

Decision Sight Distance

According to the AASHTO Green Book, decision
sight distance is “the distance needed for a driver
to detect an unexpected or otherwise difficult

to perceive information source in a roadway
environment that may be visually cluttered,
recognize the condition or its potential threat,

2 AASHTO Green Book.
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select an appropriate speed and path, and initiate
and complete the maneuver safely and efficiently.”
Criteria for decision sight distance, keyed to design
speed and the type of avoidance maneuver required,
are found in both the Green Book and the Iowa DOT
Design Manual.

Decision sight distance should be considered and
evaluated at intersections and interchanges, lane
drops, toll booths, and areas where drivers are likely
to be exposed to multiple sources of information
such as directional signs, traffic control devices,

and advertisements. On freeways and expressways,
decision sight distance should be provided in
advance of exits, major forks, and lane drops. At such
locations, drivers must perceive conditions, decide a
course of action, and navigate.

Passing Sight Distance

Passing sight distance is determined on the basis of
the length of roadway needed to complete a normal
passing maneuver on a two-lane roadway. The Green
Book defines passing sight distance as consisting of
four components:

» The distance traveled by the passing vehicle
during perception and reaction time and during
the initial acceleration point of encroachment on
the opposite lane.

» The distance the passing vehicle travels while in
the opposite lane.

» The distance between a passing vehicle at the
end of its maneuver and an opposing vehicle.

» The distance traveled by an opposing vehicle for
two-thirds of the time that the passing vehicle
occupies the opposing lane.

» Sight distance adequate for passing should be
encountered frequently on two-lane highways,
but neither AASHTO nor lowa DOT specity a
minimum number of opportunities per a given
distance under different conditions. Passing
opportunities enter into the determination of
LOS on two-lane highways where LOS is based
on both average travel speed and percent time
following. The assessment of adequacy of passing
sight distance, therefore, is a function of LOS.
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Sight Distance on Horizontal Curves

Horizontal curves on existing roadways should be
analyzed to determine if there is adequate stopping
sight distance. Objects such as cut slopes, walls,
buildings, bridge piers, and longitudinal barriers can
create sight obstructions on the inside of curves (or on
the inside of a median lane on a divided highway).

Sight Distance on Vertical Curves

Both crest vertical curves and sag vertical curves
should be checked to determine if adequate stopping
sight distance is available, as required by design speed
and ambient conditions. Criteria for both types of
curves are presented in the lowa DOT Design Manual.

6.2.6 Cross Section

The cross section should be checked for appropriate
design of the following:

» Shoulder treatment (type, width, cross slope)
» Side slopes (cut, fill, ditch, or curb treatment)
» Guardrail treatment and location

» Roadside obstacles

» Median treatment

Along with compliance with Design Manual
requirements, the roadway cross section should be
investigated for ease of maintenance and ability to
store SNow.

6.3 Crash Data Analysis
(Tools and Techniques)

6.3.1 Introduction: Role and Importance of
Safety Information in Decision-Making

Motorists have certain expectations for the publicly
provided transportation system. One expectation is
that the system be safe for users. Safety applies not
only to projects defined based on a safety need but
also to all projects. Any proposed transportation
solution must be safe, regardless of project need.

Improved safety often is a key factor in justifying

a transportation facility improvement. For

existing facilities, need may be related to crash
experience that reflects unsafe conditions. For new
improvements, justification may be related, at least in
part, to expected reduction in crashes that would be
achieved by provision of a higher type facility.

Safety can be described in two forms: nominal safety
and substantive safety. Nominal safety refers to a
design’s adherence to design criteria or standards.
Design guidelines and practices outlined in the
AASHTO Green Book, the Manual of Uniform Traffic
Control Devices, and the AASHTO Roadside Design
Guide represent guides that define nominal safety.
Substantive safety refers to the actual performance
of a highway or facility as measured by its crash
experience. One would characterize a road as
being substantively safe or unsafe based on the
performance relative to expectation. While nominal
safety and substantive safety are often related, they
are different. A roadway may be substantively safe
and nominally unsafe, or vice versa.

This section covers the fundamentals of safety
analysis. To begin, the terms and concepts used

in performing a safety analysis are defined. Next,

the relationship between improved safety and the
countermeasure are described. Finally, the processes
and procedures for effectively conducting a safety
analysis are discussed. Analyzing existing conditions,
determining high crash locations, and determining
the effectiveness of the action proposed are discussed.

6.3.2 Fundamentals of Safety Analysis

Safety Information

The primary source of data for safety analysis is police
crash reports. These data include crashes for which a
police record exists, typically in which a fatality, injury,
or property damage greater than $1,000 has occurred.
The threshold for reported crashes was changed in
1997 from $500 to $1,000. When evaluating crash
data before 1997, care must be taken to account for
this difference. Police crash reports may be obtained
for minor crashes where police were called to the
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scene and a report was created. Such reports may be
found through local jurisdictions, such as the county
sheriff’s office, and may not be forwarded to the state
database. Crash reports should include the conditions
and circumstances of the crash and classify the crash
according to severity and type.

Crash data are portrayed visually in several ways. A
crash “spot map” may be produced with a symbol on
the street map at the location of each crash. Different
symbols may be used to depict different types of
crashes, time of day, weather conditions, or other
pertinent factors. Vertical bars may be added to a
street map with the height of each bar proportional
to the number of crashes. Another widely used visual
tool is a “collision diagram.” In a collision diagram,
each crash (usually at an intersection) is depicted by
an arrow showing the crash location and direction

of travel, and a symbol showing crash type (such as
angle, sideswipe, rear-end, and so forth). Information
on date, time, and weather conditions for each crash
is often added to the diagram.

Iowa DOT maintains a traffic database called TraCS
that creates a database at the local enforcement office
and transmits the data electronically to the Motor
Vehicle Division statewide DB2 database. TraCS

has limited geographic information system (GIS)
functionality insofar as it uses a Location Tool that
enables law enforcement personnel to point and click
incident locations on a map. A software development
consultant updates, maintains, and enhances TraCS.

SAVER is an analysis tool that primarily uses the
crash records from the DB2 database. However, a tool
has been created to convert the TraCS local database
to SAVER format for both crashes and citations.
SAVER is an analysis tool that enables mapping,
querying, reporting and visualization of safety data,
with the intent of accessing all data with relation to
safety concerns. Refer to the lowa DOT crash analysis
resources website—http://www.dot.state.ia.us/
crashanalysis/—and the SAVER link on that page.

Key data of interest include the location of the crash,
time of day, severity, type, or basic characteristics,
environmental conditions, vehicle characteristics, and
driver characteristics:
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Crash location is noted by milepost reference. Most
police reports reference a crash location to a nearby
intersection or other landmark. The milepost is
determined only when entered into the database
unless police jurisdictions use global positioning
system or similar technologies. Of greatest interest
is the location of the crash relative to major highway
features, such as an intersection, highway curve, exit
or entrance ramp, or bridge. Reference to inventories
of highway geometric features is necessary to
establish this relationship. Care should be taken
when using location information as the locations are
often estimated.

Time of day of the crash is also important. It is
reported in military time.

Severity of crashes is defined in three categories:
fatal, injury, and property damage only. Fatal crashes
are those in which one or more fatalities occur.
Injury crashes can be broken down into three
categories based on injury severity: major injury,
minor injury, or possible injury. Major injury crashes
are those resulting in incapacitating injuries, such

as paralysis. Minor injury crashes are those related

to nonincapacitating but visible injuries, such as
abrasions, bruises, and swelling. Possible injury
crashes are those likely resulting in injuries that are
not visible. Property damage only crashes are those
for which at least $1,000 in damage occurred, but no
injuries or fatalities were reported. Care should be
taken in use of police crash reports from before 1997
because of the change in the reporting threshold from
$500 to $1,000.

Iowa DOT crash records provide information on the
type of crash and the manner of the collision. The
type of crash indicates the type of collision, such as
a rear-end collision, a sideswipe collision, or a single
vehicle crash. Classification of crash type can aid in
identifying the overall cause of the crash and in turn
assist in the identification of countermeasures. For
example, a high occurrence of right angle crashes

at an intersection may indicate inadequate sight
distance. Crashes are classified according to type
such as the following:
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» TFixed object

» Angle and turning

» Head-on

» Rear-end

» Right angle

» Same direction sideswipe
» Train—vehicle

» Pedestrian—vehicle

Crash data also provide information on the number
of vehicles involved in each crash (single vehicle
versus multiple vehicles). Single vehicle crashes

are more typical of low volume rural roads, where
vehicle-to-vehicle conflict points are minimized.
Single vehicle crashes generally are off road. In some
parts of the state, numerous crashes with deer occur.
These are considered single vehicle crashes. Multi-
vehicle crashes are more common on high volume
urban roads. For example, where a median crossover
may result in a multi-vehicle crash on high-volume
roads, the same median crossover most likely would
result in a single vehicle crash on a low volume road
because of the lower probability of another vehicle on
the road. Multivehicle crashes also are more common
where there is a large concentration of conflict points,
such as at an intersection.

Environmental conditions are those that may be
related to the crash and include the following:

» Light conditions (day, night, dawn/dusk,
presence or absence of illumination)

» Weather conditions (clear, rain, snow, ice)
» Pavement conditions (dry, wet, icy)
» Visibility (fog, glare)

» Conditions of drivers and pedestrians (drowsy,
asleep, under the influence of drugs or alcohol)

Other data are available from police crash reports,
such as vehicle condition, driver actions (first
harmful event, maneuvers, etc.), milepost/node
numbers and direction, and driver age. These may
offer some insights to designers, but the quality or
reliability of such information may vary significantly.
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Unreported Crashes and Near Misses

Many crashes are unreported and typically are minor
property damage only crashes below the reporting
threshold. A near miss is a crash that was avoided by
evasive action. While unreported crashes and near
misses are not recorded in the crash database, they
may be indicative of locations with unsafe conditions.
Other sources of information may help identify
where unreported crashes and near misses occur.

Other Sources of Safety Information

Police crash reports provide the best available data

for substantive safety analysis, but other sources of
information also exist. Other sources of information
include interviews with stakeholders and first
responders, and also maintenance records. Area
stakeholders, such as residents/business owners and
frequent drivers of the area, have firsthand knowledge
of the area and can identify locations perceived to

be unsafe. Although information gathered from
stakeholders is only perceived information, it can help
identify potential problem locations. A more detailed
interview can help define the cause of the perceived
safety concern and in turn help define what the leading
cause of the safety problem is, such as large turning
volumes, inadequate signal timing, or inadequate

sight distance. Perception can also be based on a high
occurrence of near misses. Public perception should be
verified through the use of technical safety analysis.

First responders, such as emergency medical services
and the police, have firsthand knowledge of the

area they serve. They can help identify high crash
locations by identifying locations to which they are
frequently called. They also are aware of locations
where the most severe crashes occur.

Maintenance records are helpful in identifying
locations with a high number of unreported crashes.
For example, records of guardrail repairs provide
insights to unreported run-off-road crash risks.

Traffic citation patterns are an additional source

of data for identifying potential safety problems in
an area. Traffic citations identify behavior patterns
that may result in crashes and can include speeding
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violations, stop sign noncompliance, jaywalking,
improper parking, etc. Comparing high citation

locations with high crash locations may identify

locations with an immediate need.

Video cameras can be used to identify locations
with near misses. Based on input from stakeholders
concerning the perceived safety problems at an
intersection or along a particular segment of
highway, video cameras may be installed to record
traffic patterns. Video cameras already in place for
congestion management can be used to identify
safety problem areas. The cameras will capture
conflicts, near misses, and actual crashes. Video also
can be reviewed and incidents recorded by time.
Video data are an additional source where other data
are unavailable or when public perception does not
match safety analysis results.

Concepts of Risk and Exposure

In safety analysis, the concepts of risk are related to
the level of exposure to potential crashes. Exposure
is the level of opportunity for a crash. Three factors
contribute to risk: traffic volume, time of day, and
highway facility characteristics.

The single best measure of exposure and risk is traffic
volume. As the traffic volume increases, the potential
for a crash also increases. This relationship is
nonlinear, but traffic volume nonetheless remains the
most important data to help characterize exposure to
potential crashes on a particular segment of highway.

Time of day is another measure of risk and exposure.
During peak periods, traffic volumes increase
creating a greater exposure to potential crashes. Also,
during non-daylight hours, visibility is reduced,
increasing the risk of crashes caused by poor
visibility.

Highway characteristics define the other contributor
to risk. Two fundamental types of risk are related to
highway characteristics: length-related and point-
related. Conflict points occur where the potential
exists for a crash, such as at intersections, areas with
lane change maneuvers, interchange ramps where
opposing movements may occupy the same position
on the roadway, and areas with speed changes, traffic
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control devices, and other driver distractions. Analysis
of conlflict points for proposed countermeasures may
aid in identifying safety benefits. For example, the
elimination of a weave section would remove conflict
points, potentially improving the safety of that section.

For the purpose of safety analysis, intersections are
defined as the area where two roadways cross (the
common pavement they share) and a 250-foot length
of each roadway segment approaching the intersection.
Contflict points associated with an intersection include
through traffic, turning movement traffic (left turn
versus the opposing through movement), and changes
in speed related to the approach to an intersection.
Exhibit 6-1 shows typical intersection conflict points.
Intersection control is also a measure of the type

of exposure to a potential crash. Depending on the
intersection control, different exposures to different
types and severity of crashes may exist. Other elements
of design affect the level of exposure at an intersection,
such as roadway cross section, free flow right turns, turn
lanes, right-in/right-out restrictions, and signal phasing.

Intersections represent one type of spot or point
location. Other types of spot locations include
isolated curves, bridges, and railroad crossings. Not
all spot locations may be studied independently. A
spot location may be included in a segment based
on available data, crash history, or other factors. A
segment is then defined as the length of roadway
between two spot locations. The length of segments
should be confined to homogeneous sections in
terms of geometry and traffic. This is done to ensure
an accurate correlation between safety characteristics
and contributing road characteristics. At a gross level,
general road and volume characteristics should be
consistent over large segments with the benchmark
of comparison. For example, a segment could be
compared to a benchmark for a rural area.

Key Safety Indicators

Two ways of describing safety—crash rates and crash
frequency—are explained below. Both are based on
the measures of exposure to potential crashes defined
from historical data and are used in comparison

to a predefined benchmark to determine high

crash locations.
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Exhibit 6-1
Typical Intersection Conflict Points

Crash Rates

Crash rates are a means of determining or
characterizing the substantive safety of a highway
point location or highway segment. Comparing

the calculated rate to a benchmark rate identifies
locations with safety concerns. Crash rates commonly
are defined as the number of crashes per unit of
exposure as defined by time, length of segment, and
type of highway. For highway segments, this typically
is expressed as crashes per 100 million vehicle miles.
For intersections, it is typically crashes per million
vehicles entering the intersection.

A crash rate should be calculated for a homogeneous
segment of highway; that is, a segment with common
characteristics (number of lanes, type of access
control, lane and shoulder width, constant traffic
volumes, and surrounding area type). The data
needed for the rate calculation are as follows:

» Number of reported crashes (usually for a 3- to
5-year time period)

» Average daily traffic volumes for an intersection
or roadway segment

» Location type, either the type of intersection or
functional class of a segment

» Area type: rural or urban

» Segment length, if a roadway segment is
being evaluated

Care should be taken in computing crash rates. As
crashes are rare events, best practices suggest using a
multi-year analysis period (3 to 5 years) and segment
length of at least 0.5 mile but no longer than 4 miles.
The analyst should make sure that no significant
changes in roadway characteristics or traffic volume
occurred during the period being studied.
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The following equations® are used to calculate crash rate:

For intersections
(EQD
CR = C/[(Sum(ADTs)/2) x N x 365 x 10-6]

If, for example, 100 crashes occurred over a 5-year
period and the ADTs on the intersection legs were
10,000, 15,000, 20,000, and 25,000, the crash rate
(CR) would be calculated as follows:

(EQ2)

CR = 100/[(10,000 + 15,000 + 20,000 + 25,000)/2)
x 5 x 365 x 10-6] = 1.57 crashes/MEV

For segments
(EQ3)
CR = C/[ADT x 365 x N x L x 10¢]

If, for example, 100 crashes occurred over a 5-year
period, the ADT is 20,000, and segment length is

2.0 miles, the crash rate would be calculated as follows:

(EQ4)
CR=100/[20,000 x 365 x 5 x 2.0 x 10%] = 137 crashesy HMVM

CR = crash rate expressed as crashes per 100 million
vehicle miles traveled (HMVM) for segment
and per million entering vehicles (MEV) for
intersections

C = number of crashes during study period
N = number of years of study period

Sum(ADTs)/2 = sum of all average daily traffic
entering the intersection

ADT = average daily traffic

L = length of segment (mi)

¥ D. W. Harwood, F. M. Council, E. Hauer, W. E. Hughes, and A. Vogt. Prediction of the
Expected Safety Performance of Rural Two-Lane Highways. Report FHWA-RD-99-207.
FHWA, U.S. Department of Transportation. 2000.
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Comparing crash rates is one method of comparing
the substantive safety performance of roads with
differing traffic volumes or length. Care should be
taken in comparing roadways with significantly
different characteristics. Crash rates will differ by
type of highway, location, and control.

Research has confirmed that total crash rates vary
with ADT. Normalizing crash frequencies with
exposure estimates causes rates to appear to be
continuous random variables instead of discrete,
random events.’ Rates are based on linear methods
that tend to overstate safety problems for high
volume locations and understate safety problems
for low volume locations. Low volume roads with
crash frequencies of small integer values near zero,
as typically found on low volume rural roads, do
not follow a normal distribution as assumed by
linear methods and are therefore not characterized
accurately through the use of rates.

Crash Frequency

To compute actual crash frequency, the data
requirements are the number of crashes over a
historic period, usually 3 to 5 years. Frequency is the
number of crashes divided by the number of years to
achieve a value of crashes per year.

A method of determining the substantive safety

of a facility is to compare the actual historic crash
frequency to an expected crash frequency. Crash
predictions models are used to calculate an expected
crash frequency. The data requirements for the crash
prediction models include traffic volumes (ADT),
facility types, and any specific input values that the
data prediction model lists as variables. Different
models have been created for different facility types
and can include a wide range of additional variables
beyond ADT. Many prediction models have a simpler
form in which ADT is the only variable. Assumptions
were made regarding the other variables arriving at

a constant value. For segments, the crash frequency
should be divided by length of roadway to provide
frequency on a per-mile basis (or 10-mile, etc.) for
accurate comparison among segments.

K. M. Bauer and D. W. Harwood. Statistical Models of At-grade Intersection Accidents.
Report FHWA-RD-96-125, FHWA, U.S. Department of Transportation. 1996.
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There are many crash frequency prediction

models that apply to similar and alternative road
configurations.® The models are deterministic,
meaning that for a given set of inputs, the output is
always the same. Since actual crash frequencies vary
from year to year, the model-predicted frequency
should be used as an average expected value.

The prediction models output a number of expected
crashes per year that can be compared to the number
of actual crashes per year. Locations where the actual
value is significantly higher than the expected value
could be labeled as high crash locations.

When crash history is not available for a proposed
facility, an alternative method for describing traffic
safety considers frequency of crashes expected to
occur over a given time period. One may be interested
in comparing, for example, the relative safety

benefits of constructing a long bypass around a town
versus maintaining a short segment through town.
Computing the expected crash frequencies per year for
each alternative, using models similar to those listed
above, is one way to compare two alternatives.

Benchmarks

A benchmark is a predefined value that can classify
a location as a high crash location. The benchmark
used is based on the type of analysis. The
benchmark for a rate analysis may be the statewide
average rate or critical crash rate for classifying a
segment or intersection. Current benchmark crash
rates may be obtained from the lTowa DOT Office
of Traffic and Safety. The frequency method could
be compared to a statewide average frequency

or critical frequency, or to a computed predicted
crash frequency for the particular location. When
comparing crash history to a benchmark, care must
be taken to compare the location to an equivalent
benchmark based on the classification of the

° Bauer, K. M., and D. W. Harwood, Statistical Models of At-grade Intersection Accidents.
Report FHWA-RD-96-125. FHWA, U.S. Department of Transportation, 1996; A. Vogt.
Crash Models for Rural Intersections: Four-Lane by Two-Lane Stop-Controlled and
Two-Lane by Two-Lane Signalized. Report FHWA-RD-99-128. FHWA, U.S. Department
of Transportation, 1999; D. W. Harwood, F. M. Council, . Hauer, W. E. Hughes, and
A Vogt. Prediction of the Expected Safety Performance of Rural Two-Lane Highways.
Report FHWA-RD-99-207. FHWA, U.S. Department of Transportation, 2000. James A.
Bonneson and Patrick T. McCoy. Capacity and Operations Effects of Midblock Left-Turn
Lanes. In National Cooperative Highway Research Program Report 395, TRB, National
Research Gouncil, Washington, DC, 1997.

location, such as rural versus urban, facility type,
control type, access control, and volume.

Crash Data Variability

Safety analysis is based on the computations and
statistical analysis of random events over time. Crash
data are inherently incomplete and variable for type
and time. Understanding the data and statistical
trends of crashes are key factors in identifying high
crash locations and necessary improvement actions.

Variability and Quality of Data

Crash data often can be incomplete and variable.
Iowa has a standard police crash report form as of
2000, but different agencies within the state may
have varying methods of completing the form and

of filing and maintaining crash records. Reporting
errors and inaccurate reporting of crash locations

are common. Along with inaccurate and incomplete
crash data, geometric and traffic data for study
locations may not be current or properly inventoried.
Also, geometric and traffic data may not be for a time
period consistent with crash data. Other sources of
information can supplement the basic data provided
through the typical reporting mechanism. Site visits
and traffic counts may be conducted to collect
geometric and traffic information.

Variability of Crash History

Crashes are random events that can occur at any
location at any time. Given their random nature and
their relationship to many environmental, geometric,
and driver/vehicle conditions, crashes can vary over
time. A short period of time (1 year or less) is not a
desirable study period for crash analysis. Seasonal
changes in weather and travel patterns also have an
effect on the potential for crashes. Other changes from
year to year affect the crash rate/frequency, such as

an unusually snowy winter. For lowa DOT projects,

5 years of crash data are suggested for crash analysis,
but a 3-year period can be requested for locations with
high volumes (greater than 3,000 ADT) or if a traffic
operational change has occurred, preventing a full

5 years of data from being analyzed accurately.
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Equation

Equation Number

Two-Way Stop Controlled—Three Legs (2 lane x 2 lane)
N, =exp(-10.9+0.79In(ADT,) + 0.49In(ADT,) (EQ5)

Two-Way Stop Controlled—Four Legs (2 lane x 2 lane)

All-Way Stop Controlled—Four Legs (2 lane x 2 lane)
N, =exp(-9.34+0.60In(ADT,) + 0.61In(ADT,) (EQ6)

Signalized Intersections—Three Legs (2 lane x 2 lane)
Signalized Intersections—Three Legs (4 lane x 2 lane)
Signalized Intersections—Four Legs (2 lane x 2 lane)
Signalized Intersections—Four Legs (4 lane x 2 lane)

Signalized Intersections—Four Legs (4 lane x 4 lane)

N, =exp(-5.73+0.60In(ADT,) +0.20In(ADT,) (&

Equations for variables 5 through 7:

N, = predicted number of total accidents per year
ADT, = major Roadway ADT
ADT = minor Roadway ADT

2

Two-Way Stop Controlled—Three Legs (4 lane x 2 lane)

§ = Number of yearsx (ADT,)*** x (ADT,)**? x exp(~12.220) (EQ8)
x exp(—0.0546 x Medwidth1+ 0.0391x Nodrwyl)

Two-Way Stop Controlled—Four Legs (4 lane x 2 lane)
All-Way Stop Controlled—Four Legs (4 lane x 4 lane)

§ = Number of yearsx (ADT,)**® x (ADT,)*** x exp(~9.463) (EQ9)
x exp(~0.110 x PK %Leftl —0.484 x LTLNIS)

Variables for equations 8 and 9:

A

y = predicted mean number of intersection-related crashes
ADT, = major road ADT
ADT = minor road ADT

2

Medwidth1 = major road median width in feet
Nodrwyl = number of residential and commercial driveways on major road within 250 feet of intersection center

PK%Left1l = percentage of major road traffic turning left

LTLN1S = 0if major road has no left-turn lane; 1 if major road has at least one left-turn lane
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Equation

Two-Lane Segments

CHAPTER 6

Equation
Number

N,, = (ADT)(L)(365)(10°)exp(-0.4865) (EQ10)
Variables for equations 10:
N, = predicted number of total accidents per year
ADT = roadway ADT
L = roadway length (mi)
Four-Lane Raised Curb/Divided Segment
A = ADT 0.910 Len0.852 % e(—15.162—0.296Ib,0—0.596I,,i+0.00478(DD+SD)Ib,0+0.0255PDO) (EQ11)
R =
Four-Lane Two-Way Left Turn Lane
AT - ADT 0.910 Lenu.abz x e(—lb.le—U.Ul&Ib,c+U.U‘J3Ir,i+U.UU4/B(L)L)+5L)) 1y 0 +0.UZ55PDO) (EQ12)
Four-Lane Undivided
AU — ADT (VYLU+L.UZL1,5) Lenu_gbz % e\—J.ZJ.J.UL—J.U.:JU‘Hr/i—U.DIUI park TU-UU410(DL+IU ) 1y /o TU.ULIDF LU (EQ1 3)

Variables for equations 11 through 13:

A, = annual accident frequency for raised median segments

A, = annual accident frequency for TWLTL segments

A, = annual accident frequency for undivided segments

ADT = roadway ADT

Len = roadway length (ft)

I, = indicator variable for business or office land uses (1.0 for business/office; 0 otherwise)
» = indicator variable for residential or industrial land uses (1.0 for residential/industrial; O otherwise)
Lo = indicator variable for parallel parking (1.0 for if allowed; O otherwise)

DD = driveway density (two-way total,) in driveways/mile

SD = unsignalized public street approach density (two-way total) in approaches/mile

PDO = property damage only accidents as a percent of total accidents

Another time-related function of crash data is the
“regression to mean” phenomenon. The phenomenon
describes the time variability of crash data. A particular
location may experience a high number of crashes

one year and low number of crashes the next. If

safety analysis were based solely on 1 year of data, the
location would be classified as a high crash location

the first year but not the second. For this reason, a long

period for historic data is used as a better representative
of the actual or average crash trends. Similarly, if a
corrective measure is taken at an identified high crash
location, the resulting reduction in crashes may not

be caused by an improvement but by the regression to
mean phenomenon. Conclusions on the effectiveness
of corrective actions should be made only after a study
of adequate duration.
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6.3.3 Relating Safety to Design or
Other Actions

Characterizing Crashes

An initial step in a study of a highway or intersection
should be the characterization of crashes. This involves
summarizing the type, severity, and environmental
factors contributing to the crash. Crash types and
measures of exposure are discussed above.

Introduction

Substantive safety analysis provides important
information to support design and traffic operational
decision-making. When an action is proposed at a
specific location, designers, officials, and the public
want to know the resulting effects on safety. For
example, if turn lanes are added at an intersection,
one will want to quantify the expected modification
in number of crashes (or modification in number of
certain type of crash) at this location. This can be
done using crash modification factors.

Accident Modification Factors

The quantitative or substantive safety effectiveness of
an improvement or alternative being considered should
be estimated wherever possible. Accident modification
factors (AMFs) are used to quantify the change in the
number of crashes given a specific improvement. AMFs
are derived from research studies. They may apply

to total crashes or to a select classification of crashes.
For example, an AMF expressing the effectiveness of
adding illumination to an unlit intersection would only
apply to night crashes.

Note that certain potential actions may reduce
crashes of one type but result in an increase in
expected crashes of another. Examples include
placement of a guardrail and adding a median barrier.
An AMF value less than 1.0 means a reduction in
crashes is expected; a value greater than 1.0 suggests
an expected increase in crashes. For this reason,
accident modification factors are preferred to crash
reduction factors. Accident modification factors and
crash reduction factors are linked by the relationship

CHAPTER 6

CRF =1 - AME AMFs can be applied to either rates
or frequencies. The basic equation is:

(EQ14)
Nafter = Nbefore(AMF)
where:
Nafter = number of crashes after the action item
hasbeen installed
Nbefore = number of crashes before action
AMF = accident modification factor for

proposed action

For example, if a segment of highway had 100 crashes
of a certain type and the AMF for a countermeasure to
avoid that type of crash is 0.85, it would be expected
that the number of crashes would be reduced to 85
after application of the countermeasure. If more then
one action is proposed for a location (e.g., flatten

a curve and widen a shoulder), the AMF can be
combined to create an overall AMF using the equation:

(EQ15)

AMFcom = 1-[(1- AMF1) x (1- AMF2) x (1- AMF3) . . ]

AMFs for Design and Operational Improvements

Tables 6-1 and 6-2 show AMFs recommended

for use in Towa for design and operational
improvements. This document does not discuss
why a specific improvement has an effect on safety.
These representative AMFs are presented for
common improvements.

6.3.4 Process and Procedures for
Safety Analysis

Safety analyses can be conducted as a specific study
or as an element to a project. The type of study and
level of analysis should be tailored to the problem and
location being considered. With consideration of both
nominal and substantive safety, this section provides
an overview of safety analysis procedures.

¢ Transportation Research Board, Report Series 500, Guidance for Implementation of
the AASHTO Strategic Highway Safety Plan, National Cooperative Highway Research
Program, Washington DC. various dates; U. S. Department of Transportation and Institute
of Transportation Engineers, Safety Issue Briefs, Washington DC, April 2004,
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Table 6-1

Accident Modification Factors: Spot Location Improvements

Service Life (years) (RIS
Modification Factor
Intersections
Add signals 15 0.8
Upgrade signals 15 0.85
Channelize / add turning lanes 15 0.75
Improve sight distance 15 0.65
Upgrade signs / markings 6/2 0.64
llluminate 15 0.8
Add acceleration / deceleration lane 20 0.75
Rumble strips (applies only to accidents involving stop) AC.=5 AC.=56
PC.=10 P.C.=56
Reconstruct approach angle 20 0.65
Add beacons 10 0.75
Curves
Vertical realignment 20 0.43
Horizontal realignment 20 0.62
Horizontal / vertical realignment / correct superelevation 20 0.27
Pavement markings / delineate 2/6 0.85
Bridges
Widen 20 0.52
Guardrail 15 0.76
Impact attenuator 10 0.65
Replace 50 0.5
Eliminate 50 0.25
Culverts
Lengthen 20 0.52
Guardrail or gate 15 0.76
Remove headwall and delineate (outside shoulder line) 20 0.65
Railroad crossings
Add signals 10 0.5
Upgrade warning devices 10 0.73
[lluminate 15 0.38
Replace with grade separation 50 0.61
Eliminate 50 0.25
High fills
Guardrail 10 0.84
Delineate 6 0.9
Flatten foreslopes 20 0.75
Source: lowa DOT Office of Traffic and Safety, January 2000.
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Accident Modification Factors - Rural Roadway Section Improvements

Service Life (Years)

Accident Modification

Factor

Add Lanes 20 0.95
Widen Pavement 20 0.78
Widen Shoulder 20 0.92
Widen Pavement / Shoulder 20 0.72
Flatten Foreslopes 20 0.92
Widen Shoulder / Flatten Foreslopes 20 0.85
Friction Improvement 0.73

Overlay 10 0.86

P.C. Grooving, Diamond Profiling, Texturing 6 0.95
Signing 2 0.96
Edgeline Markings 20 0.75
Horizontal Realignment 20 0.7
Horizontal / Vertical Realignment / Correct Superelevation 20 0.55
Roadway Lighting 15 0.94
Relocate Driveways 20 0.95
Flatten Entrance Slopes 20 0.95
Right-of-Way 100 —

Source: lowa DOT Office of Traffic and Safety, January 2000.

Basic Data Requirement

When performing a safety analysis, the following data
are required depending on the study intent:

» Traffic data

» Crash data

» Geometric data

» Benchmark/comparison statistics data

The following sections describe these data.

Section 6.4 provides additional detail on data
collection procedures.

Traffic Data

For most safety studies, ADT data, including
classification of traffic (truck, passenger car) are
adequate. For intersections, the all day approach
volume (ADT divided by 2) for each approach leg is

needed for a summation of total entering traffic. ADT
should be obtained for roadway segments. Where
concerns over specific patterns of crashes are evident,
additional information such as time of day traffic
volume distribution data, monthly distribution, or
weekly distribution data may be needed.

If the safety analysis includes an evaluation of future
performance, forecast traffic is needed to determine
the crash statistics. The forecast traffic data should
be in the same format with the same definition as the
existing traffic data.

Crash Data

Crash data at locations of interest for the most recent
3 to 5 years should be obtained. The data should
include information on severity, type, and conditions
at the location. At a minimum, the following data
are desirable:
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» Crash location (road and cross road names
where applicable)

» Date and time of day

» Severity classification

» Collision type (rear-end, sideswipe, fixed object)
» Weather conditions

» Surface conditions

Geometric Data

The geometry of the location to be studied is also
required. The type of information required depends
on the desired safety analysis method used. The
frequency crash prediction models may require
more detailed knowledge about the geometry of a
location than the crash rate analysis. At a minimum,
the following information is desirable for roadway
segments:

» Road name

» Functional classification

» Number of lanes

» Access control

» Location (urban, rural)

The following information is desirable

for intersections:

» Road names (street and cross street)

» Number of legs

» Number of lanes per leg and lane restrictions
(right-turn, left-turn, through)

» Traffic control type
» Geometric conditions
» Access control

» Location (urban, rural)

Benchmark / Comparison Statistics Data

Statewide crash rates/frequencies or other
comparison statistics may be needed as a benchmark
to identify high crash locations. For rates, this is

the statewide average or critical rate for comparable
locations. For the frequency prediction method,

the expected crash frequency will be computed at
each location. This will serve as the benchmark for
identifying high crash locations.

Developing a Substantive Safety Profile

To understand the substantive safety (existing safety
performance) of a location, a safety profile should be
created. The profile is a graphical tool used to represent
the crash patterns of a location, either segment or
intersection, and to identify high crash locations.

Segments

The segment substantive safety profile divides the
corridor into smaller subsegments, typically

0.5 mile in length, and plots the crash rate/frequency
of the subsegments. The average or expected crash
rate/frequency can be drawn identifying those
locations with a crash rate or frequency higher then
the benchmark at high crash locations. Exhibit 6-2
represents a sample safety profile for a segment.

A higher crash rate for segments including intersections
is not uncommon. The large quantity of crashes at these
locations is a function of the intersection, not of the
segment. A more detailed intersection substantive safety
profile will assist with the identification of safety issues
related to the intersection.

Intersections

At intersections, the substantive safety profile
consists of collision and condition diagrams. The
diagrams should be drawn for the full extent of the
intersection, as described in Section 6.3.2.

A collision diagram is a graphical representation

of all crashes that occurred at the intersection over

the analysis period. The varying types of crashes

are represented by a set of predefined symbols (see
Exhibit 6-3). The symbols are placed as accurately as
possible to the location of the crash and one symbol is
used for each crash. More than one crash may occur
at a particular location within the intersection, and the
symbols representing a group of crashes are placed as
close together as possible. The diagram can then be used
to define recurring patterns and any safety problems.
Exhibit 6-4 represents a sample collision diagram.
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Exhibit 6-2
Sample Safety Profile Segment

Exhibit 6-3
Collision Diagram Symbols
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Exhibit 6-4
Represents A Sample Collision Diagram
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A conditions diagram is produced to illustrate

the physical and environmental features at the
intersection. It shows the geometric, signing, lighting,
traffic control features of an intersection, and all

the roadside environmental features such as trees,
shrubs, buildings, and utility poles. For the condition
diagrams, sight triangles can be drawn for locations
with suspected sight distance problems. A sight
triangle is drawn from the location of a vehicle along
one roadway where the sight distance of another
vehicle on the opposing roadway becomes critical.

Identifying High Crash Locations

This section describes three methods for identifying
high crash locations: graphical method, rate method,
and frequency method.

Graphical Method

With the safety profiles complete, the relationship of
the crash history to statewide averages or expected
crash frequencies developed for each location can
be made. For a segment, the safety profile highlights
areas where the rate/frequency is high compared

to neighboring locations and to the predefined
benchmark. The comparisons can be made for all
crashes or for crashes categorized by type or severity.

For intersections, the overall rate/frequency or
severity/crash type rate/frequency can be compared

to the chosen benchmark. For example, a rate may

be compared to a statewide average rate for similar
locations or to the calculated expected crash frequency.
The collision diagram can be used to represent the
types of crashes that are most common within an
intersection or particular leg of an intersection.

Crash Rate Method

With the crash rate method, the following steps can
be applied:

1. Determine the crash rate, as described in
Section 6.3.2.

2. Define the location by type. Categorize the
location by area type (urban/rural), roadway
functional class (for an intersection use the
highest functional class), number of through
lanes, predominant traffic control (intersection
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uses signalized or stop control, segments use
speed limit), and ADT. These categories may be
recategorized into broader groups based on lack
of data or lack of an appropriate comparison
benchmark. Other data needed as well are listed
in the Highway Capacity Manual (HCM).

3. List the locations of interest in descending
order. Maintain separate list for the categories
mentioned in step 2.

4. Determine crash rate (can be statewide
average rate).

5. Compare the crash rate at each location to the
“critical crash rate.” If the crash rate equals or
exceeds the critical crash rate, that location is
identified as a high crash location.

Crash Frequency Method

With the crash frequency method, the following steps
can be applied:

1. Determine the crash frequency (crashes per year)
for the locations in the study, as described in
Section 6.3.2.

2. Determine the expected crash frequency for the
same locations using appropriate model.

3. Determine the difference between the expected
crash frequency and actual crash frequency.

4. List the locations in descending order by the
calculated difference or expected and actual
crash frequency.

Determine Effectiveness of Action

With the high crash locations identified, probable causes
and design deficiencies can also be identified. For high
crash segments, a review of the area within the segment
with a confluence of crashes, as well as a review of what
the types and severity of these crashes are, can aid in
identifying the presence of contributing factors such as
inadequate sight distance, need for additional signage, or
roadside safety hazards. For intersections, the collision
and condition diagrams can be used jointly to identify
factors that contribute to crashes. Tables 6-3 and 6-4
illustrate the possible cause for identified crash patterns.
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Crash Countermeasures (Key to Table 6-3) The crash modification factor is applied to the historic
rate or frequency to determine the number of crashes

Once the primary cause or causes have been identified, for the modified location

the safety improvement measures can be explored.

Some improvements may be driven by nonsafety This method determines the anticipated substantive
considerations that may also be evaluated for effect safety of the proposed action. Care must be taken to
on safety; for example, improvements needed for ensure that the proposed action meets nominal safety
capacity enhancements. The effect of possible safety related to the engineering guidelines set forth in
improvement measures can be quantified through the Design Manuals.

use of crash modification factors as described above.
Table 6-3

A Summary of Accident Countermeasures

Accident Probable Possible Accident Probable Possible
Pattern Cause Countermeasures Pattern Cause Countermeasures

Left-turn, head-on A 1-1 Ran off roadway E 15

B 3,6,12-15 G 15,19-22

C 16,17 H 23

D 3 K 54

E 15 U 55-58
Rear-end at unsignalized A 4,13,18 V 14, 53,59
intersection E 15 W 60

F 14 X 6

G 15,19-22 Y 61

H 23 Fixed object E 15

I 10,24 G 20, 22, 55, 62

J 25 H 23
Rear-end at signalized A 3,4,13,18 T 53
intersection G 15,19-22 U 14,63

H 23 Z 58, 64-67

J 25,26 AA 68

K 12,14,15,27-32 Parked or parking E 15

L 16,17, 33 vehicle T 69

M 34 BB 35
Right angle at signalized B 6,12,14,15,35,36 CC 70
intersection E 15,16, 37 DD 45,50, 71

H 23 EE 1,43

E 1? 122 13$ gg Sideswipe or head-on % ;g 72,73

39,40 U 1,55

N 14 w 60

0 2,11 X 6,13,74
Night K 14,23, 59 Y 61

V 14,59, 89 FF 38,75

X 14,53, 59, 89 Driveway-related A 13,18, 35,55,72,76

FF 44,90 B 12,15, 23,35
Right angle at B 6,10,12, 14,15, 24, 35, 36, E 15
unsignalized intersection 41,42

E 15,16, 37 H 23

H 23 GG 77-81

N 14 HH 43,79, 82

0 10,43 Il 6,10, 74

P 44,45 Train-vehicle B 12,14, 24, 83-85
Pedestrian-vehicle B 12,25, 35, 46 E 15

E 14,15,45, 47 G 62

H 23 K 23,54

| 10, 25, 26 T 36, 42, 53

L 11 JJ 11

P 26 KK 86

Q 47,48 LL 87

R 49 MM 88

S 14,15, 47,50 Wet pavement G 15,19-22, 62

T 51-53 T 53
Source: Traffic Engineering, 1998.
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Table 6-4

Crash Countermeasures (Key to Table 6-3)

Key to probable causes
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A Large turn volume U Inadequate roadway design for traffic conditions
B Restricted sight distance v Inadequate delineation

C Amber phase too short w Inadequate shoulder

D Absence of left-turn phase X Inadequate channelization

E Excessive speed Y Inadequate pavement maintenance

F Driver unaware of intersection z Fixed object in or too close to roadway
G Slippery surface AA Inadequate TCDs and guardrail

H Inadequate roadway lighting BB Inadequate parking clearance at driveway
| Lack of adequate gaps cC Angle parking

J Crossing pedestrians DD lllegal parking

K Poor traffic control device (TCD) visibility EE Large parking turnover

L Inadequate signal timing FF Inadequate signing

M Unwarranted signal GG Improperly located driveway

N Inadequate advance intersection warning signs HH Large through traffic volume

0 Large total intersection volume Il Large driveway traffic volume

P Inadequate TCDs JJ Improper traffic signal preemption timing
Q Inadequate pedestrian protection KK Improper signal or gate warning time

R School crossing area LL Rough crossing surface

S Drivers have inadequate warning of frequent midblock crossings MM Sharp crossing angle

T Inadequate or improper pavement markings

1 Create one-way street 46 Reroute pedestrian path

2 Add lane 47 Install pedestrian barrier

3 Provide left-turn signal phase 48 Install pedestrian refuge island

4 Prohibit turn 49 Use crossing guard at school crossing area
5 Reroute left-turn traffic 50 Prohibit parking

6 Provide adequate channelization 51 Install thermoplastic markings

7 Install stop sign 52 Provide signs to supplement markings

8 Revise signal phase sequence 53 Improve or install pavement markings

9 Provide turning guidelines for multiple left-turn lanes 54 Increase sign size
10 Provide traffic signal 55 Widen lane
1 Retime signal 56 Relocate island

6-24
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Table 6-4

Crash Countermeasures (Key to Table 6-3)

Key to probable causes

12 Remove sight obstruction 57 Close curb lane
13 Provide turn lane 58 Install guardrail
14 Install or improve warning sign 59 Improve or install delineation
15 Reduce speed limit 60 Upgrade roadway shoulder
16 | Adjust amber phase 61 Repair road surface
17 Provide all-red phase 62 Improve skid resistance
18 Increase curb radii 63 Provide proper superelevation
19 | Overlay pavement 64 Remove fixed object
20 Provide adequate drainage 65 Install barrier curb
21 Groove pavement 66 Install breakaway posts
22 Provide “slippery when wet” sign 67 Install crash cushioning device
23 Improve roadway lighting 68 Paint or install reflectors on obstruction
24 Provide stop sign 69 Mark parking stall limits
25 Install or improve pedestrian crosswalk TCDs 70 Convert angle to parallel parking
26 Provide pedestrian signal Al Create off-street parking
27 Install overhead signal 72 Install median barrier
28 Install 12-inch signal lenses 73 Remove constriction such as parked vehicle
29 Install signal visors 74 Install acceleration or deceleration lane
30 | Install signal back plates 75 Install advance guide sign
3 Relocate signal 76 Increase driveway width
32 | Add signal heads 77 Regulate minimum driveway spacing
33 | Provide progression through a set of signalized intersections 78 Regulate minimum corner clearance
34 Remove signal 79 Move driveway to side street
35 Restrict parking near corner/crosswalk/driveway 80 Install curb to define driveway location
36 | Provide markings to supplement signs 81 Consolidate adjacent driveways
37 Install rumble strips 82 Construct a local service road
38 | Install illuminated street name sign 83 Reduce grade
39 | Install multidial signal controller 84 Install train-actuated signal
40 Install signal actuation 85 Install automatic flashers or flashers with gates
4 Install yield sign 86 Retime automatic flashers or flashers with gates
42 Install limit lines 87 Improve crossing surface
43 Reroute through traffic 88 Rebuild crossing with proper angle
44 | Upgrade TCDs 89 Provide raised markings
45 | Increase enforcement 90 Provide illuminated sign
Source: Traffic Engineering, 1998.
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Safety Effects of Bypasses

Iowa DOT has developed a summary tabulation

(see Table 6-5) to determine the safety effects of the
implementation of bypass routes. The table compares
number and severity of crashes and crash rates for
existing conditions and the condition resulting from
implementing a bypass. Note that the latter includes
not only crashes on the bypass route, but also crashes
that continue to occur on the existing route. This
type of comparison provides a concise summary of
the overall change in highway safety resulting from
provision of a bypass.

Safety Audits

A road safety audit may be defined as a formal
examination of a future road or traffic project, an
existing road, or any project that interacts with road
users, in which an independent, qualified team

looks at the projects accident potential and safety
performance.’ Transportation Research Boards (TRBY%)
National Cooperative Highway Research Program
Synthesis 336 presents an examination of the state of
the practice of road safety audits. A road safety audit
can be conducted at one of the following stages:

» At the feasibility stage

» Once the preliminary design has been developed
» Once the detailed design is complete

» At the pre-opening state

» On existing roads

In recognition of staffing/budget constraints, safety
audits typically are performed on highways when
3R improvements (rehabilitation, resurfacing and
reconstruction) are being made. Therefore, in a
20-year time span, based on a 20-year pavement life
cycle, all roads theoretically should be reviewed.

An audit of a plan set is desirable, as this allows for
the greatest range of options for redesign. A road
safety audit can be incorporated into the design

of any road or traffic project. The audit must be
conducted by an independent team comprising staff
different than those on the design team. The audit

" Institute of Transportation Engingers. The Traffic Safety Toolbox, Washington DC, Institute
of Transportation Engineers. 1999,
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team should include members knowledgeable of
the fields of accident prevention and road safety
engineering. The road safety audit includes the
following steps:

1. Select the road safety audit team.

2. Provide background information.

3. Hold a commencement meeting.

4. Assess the documents.

5. Inspect the site.

6. Write a road safety audit report.

7. Hold a completion meeting.

8. Write a response to the audit report.

9. Implement the agreed changes.

6.3.5 Computer-Based Tools and References

The safety analysis procedures discussed can be
implemented using computer-based tools. For safety
analyses of short road corridors or a select number

of intersections, the number of crash records being
analyzed is likely small and requires limited statistical
analysis. Common spreadsheet software applications,
such as Microsoft Excel, can be used to manage crash
records, to develop summary reports characterizing
crash history, to compute expected crash frequency, or
to apply accident modification factors. Safety studies

for large areas or those with a large number of crash
records may require robust database systems to manage
the data. Such systems lend themselves to linking with
other data sources, such as geometric or traffic volume
data, providing a more integrated data management and
analysis environment. For safety analysis requiring more
robust statistical analyses, specialized statistical software
applications such as SAS or SPSS among other software
applications, should be employed.

GISs provide a map-based environment within which
to analyze data. Using GIS, relationships based on
location can be easily analyzed, such as correlation
between a particular crash type and geometric
characteristic of the road at that same location. GIS can
also be used to quickly develop maps to display crash
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data (as pie charts at intersections), points for each other databases or statistical software applications
crash, or colored road segments indicating rates. Maps, to expand their analysis capabilities. FHWA has
unlike tables, effectively communicate crash analysis developed a set of GIS Safety Analysis Tools that are
results in an intuitive medium. GIS can be linked to available to aid users performing safety analyses.
Table 6-5

Example Form of Table for Comparison of Safety Effects of a Bypass
Existing Route

Location Before After Bypass After+Bypass

General

Highway

Type of Bypass

Length (miles)
Average ADT
HMVM

Dates Studied

Accidents
Fatal

Personal Injury

Property Damage Only

Total Crashes

Severity

Fatalities

Major Injuries

Minor Injuries

Possible Injuries

$ Loss to Property

Total $ Loss

Rates

Crashes/HMVM

$ Loss per Crash

% $ Loss Change After Bypass

% Change # All Crashes After Bypass

% Change # Fatalities After Bypass

% Change # Personal Injuries After Bypass

% Change in Crash Rate After BP (Crashes/HMVM)

% Change in Crash Rate After BP (Crashes/HMVM)
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Software applications that automate various safety
analysis functions include the following:

» Accident Information Management System
(AIMS)—JMW Engineering

» Collision Database System—Crossroads Software

» Highway Safety Analysis (HSA) Software—X32
Group, Inc.

» Intersection Magic—Pd Programming

» TRAF-SAFE—Traffic Safety Software, LLC

Many of these applications provide standard and
custom reporting functions, automated collision
diagram generation, and crash data mapping.

The Interactive Highway Safety Design Model
(IHSDM) being developed by FHWA promises to
compile the latest knowledge on highway safety into
a useful tool for engineers and planners. IHSDM
consists of several modules:

» The Crash Prediction Module estimates the
number and severity of crashes on specified
roadway segments.

» The Design Consistency Module evaluates the
operating speed consistency along a roadway.

» The Driver/Vehicle Module consists of a Driver
Performance Model linked to a Vehicle Dynamics
Model. The Driver Performance Module
estimates drivers’ speed and path choice along a
roadway.

» The Intersection Review Module provides a
structured process for evaluating the safety
impact of intersection design alternatives using
an expert system approach.

» The Policy Review Module automates checks of
compliance with highway design policies.

» The Traffic Analysis Module uses traffic
simulation models to estimate the operational
effects of road designs under current and
projected traffic flows.

The IHSDM for two-lane rural highways is available
for testing and evaluation purposes. Development
of the ITHSDM for multi-lane rural highway is now
under way.
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To help highway agencies manage their safety programs,
the FHWAS Safety Analyst project is developing
software tools with capabilities beyond what is available
now. The software will help agencies make better
decisions on where to install safety improvements and
which improvements to make. In addition, the tools
will help transportation professionals to better evaluate
the effectiveness of the improvements they choose.

6.3.6 Additional References

AASHTO Strategic Highway Safety Plan
Implementation Guides.

Institute of Transportation Engineers (ITE). Manual of
Transportation Engineering Studies.

Neuman, Timothy R., Marcy Schwartz, Leofwin
Clark, and James Bednar. 2002. “A Guide to Best
Practices for Achieving Context Sensitive Solutions.”
In National Cooperative Highway Research Program
Report 480, TRB, National Research Council,
Washington DC.

Ogden, K. W. 1996. Safer Roads: A Guide to Road
Safety Engineering. Avebury Technical Ashgate
Publishing Ltd., Aldershot, England.

Pfefer, Ronald C., Timothy R. Neuman, and Richard
A. Raub. 1999. “Improved Safety Information to
Support Highway Design.” In National Cooperative
Highway Research Program Report 430, TRB, National
Research Council, Washington DC.

Southeast Michigan Council of Governments. 1997.
SEMCOG Traffic Safety Manual.

6.4 Traffic Volumes/ Projections

6.4.1 Introduction

To a large extent, transportation planning is data driven.
The planner/analyst requires a clear understanding of
the physical features of the transportation system, the
patterns and characteristics of use, and projected travel
demand. The data, on their own, have limited value,
but they are a necessary input for a variety of analyses
such as capacity/LOS, safety, noise, air quality, structural
design, and so forth.
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This section is intended to provide a basic
understanding of:

» Characteristics of travel and the
transportation system

» How travel is measured and where to obtain data
» How travel forecasts are made

» Identification of traffic needs for a variety
of analyses

Along with fundamental explanations provided in
this section, the reader is cautioned to be aware

of some inherent inaccuracies in travel data. The
generation of travel data is constrained by the
capabilities of the technologies available. This is
not to imply that the traffic counts and forecasts
are incorrect, only that they are the best that can be
derived given the procedures developed to date.

Traffic Data Sources

Iowa DOTS5 Office of Transportation Data handles
and disseminates transportation data, such as traffic
counts. It is a primary source for traffic data. Existing
data may be available from other sources, including
the MPO, counties, cities, previous studies, or specific
projects. The type and quality of these sources should
be evaluated relative to the intended use.

Types of Existing Traffic Data Available
The following types of data are available:

» AADT—Volume on primary roadway segments

» ATR Monthly Report—Monthly and cumulative
traffic trends as compared to the previous year

» ATR Annual Report—Annualized traffic trends
compared over the previous decade

» Average Speed—Average travel speed calculated
by permanent recorders

» Intersection Turning Movement Counts—Hourly or
15-minute summaries of all vehicles, single unit
trucks and combination trucks counted and an
estimated AADT turning movement

» Portable Recorder Counts—Annual ADT with a
summary showing the traffic by hour for the
duration of a recorder being set at a specific
location

» Permanent Recorder—Continuous traffic data
collected by hour at specific locations

»  Vehicle Classification Data—Specific recorder
locations that provide vehicle type data by 13
classifications designated by the FHWA

» ESALs—Weight and class distribution tables of
sampled truck traffic

»  Expansion Factors—A listing of factors by hour,
day of week, or month used to expand short-
term portable recorder or turning movement
counts to AADT

» Design Hour Factors—30th highest hour
calculated from permanent recorders

6.4.2 Characteristics of Travel and the
Transportation System

Composition of the Travel Stream

The vehicular components of the travel stream on
the state’s roadway system, referred to collectively as
traffic, are:

» Autos
» Trucks and buses

» Nonmotorized travel

Autos are, by far, the largest component of the traffic
stream. Passenger cars and light trucks constitute
nearly 90 percent of traffic on rural roadways and
upwards of 95 percent on urban streets.

Trucks are defined as vehicles having dual tires

on one or more axles, or having more than two
axles, and designed for the transportation of cargo
rather than passengers. The physical and geometric
characteristics of roadways are dependent on the
proportionate use by trucks and buses. Buses operate
similarly to a single-unit truck, but pickup and panel
trucks operate similarly to cars.
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Nonmotorized travel—bicycles and pedestrians—
generally is of greater concern in urban rather than
rural areas.

Traffic Volume Characteristics®

Traffic volumes vary with regard to both space and
time. These variations are critical determinants of
the way highway facilities are used, and they control
many of the planning and design requirements for
adequately serving traffic demand.

The following spatial factors affect traffic flow:

» Traffic distribution by type of route—Ninety
percent of the mileage of paved streets in the
U.S. are rural, but more than one-half of the total
traffic volume is on urban streets.

» Directional distribution—For ADT, volume
typically is about the same for each direction
of travel, but traffic percentages by direction
can and do fluctuate depending on the
circumstances. Hourly flow of traffic by direction
can vary widely especially when comparing the
morning and evening flows.

» Lane distribution—If there are two or more lanes
in one direction, there is usually a wide variation
in the number of vehicles using each lane.

» Traffic composition—The percent of trucks and
buses in the traffic stream affects traffic speed
and operational characteristics, particularly on
roadways with narrow lanes or steep grades.

» Time variations in traffic flow—Traffic demand
varies by month of year, by day of week, by hour
of the day and by subhourly intervals within
any given hour. Traffic volumes for hourly (peak
hour) and subhourly intervals normally form the
basis for design of highway facilities.

» Seasonal variations—Seasonal fluctuations in
traffic demand reflect the social and economic
activity of the area being served by the highway:.
Monthly variations are larger on rural and
recreational routes. Commuter and business-
oriented travel occurs in more uniform patterns.

¢ Parts of this section are taken from Institute of Transportation Enginsers. Traffic
Engineering Handbook. Arlington, VA. 1999, Chapters 2 and 6.
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» Daily variations—Volume variations by day of
week are also related to the type of highway.
Weekend volumes are lower than weekday
volumes for highways serving predominantly
business travel. Peak traffic occurs on weekends
on main rural and recreational access facilities.

» Hourly variations—For urban commuter routes,
peak hours normally occur in the morning and
evening with the evening somewhat higher.

» Variations within the hour (peaking characteristics)—
Short-term rates of flow within the peak hour are
variable between routes. Typically, the hourly flow
rate of a highway is expressed as four times the
peak 15-minute volume. The distinction between
volume and rate of flow is important. Volume
is the actual number of vehicles during a time
interval. Rate of flow represents the number of
vehicles for a time interval of less than 1 hour but
expressed as an equivalent hourly rate.

»  Relating Hourly Volumes to Annual Averages—
Typically, daily traffic volume on a highway is
represented by the ADT. When traffic volumes are
counted over long periods of time, as is possible at
permanent, continuous count stations, the AADT
volume can be determined or estimated. AADT
is the total annual traffic volume divided by the
number of days in the year.

For design of new highways or major reconstruction of
existing highways, the design volume is a forecast for

a designated design year. The design year usually is 20
years into the future and represents the maximum time
period over which land-use activity and the resulting
traffic volumes and patterns can be reasonably forecast.

For most highways, the traffic volume for design is
the design hour. Selection of an appropriate design
hour volume represents a tradeoff between designing
capacity for a recurring pattern of traffic, and the
costs of providing additional capacity. Design hour
volumes typically range from the 30th highest hourly
volume occurring in a year (generally applicable to
rural highways) to the 50th highest hourly volume
(generally applicable to recreational routes) to the
200th highest or typical weekday peak hour volume
(generally used in urban areas).
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6.4.3 How Travel is Measured

Because traffic flow is dynamic, the number of
vehicles counted on a roadway today will differ
tomorrow and on the same day next week. Methods
of measuring traffic flow can cause imprecise
measures. Counting errors can be caused by
variation in the mix of vehicles in the traffic stream.
Regularly occurring local events, special events,

and highway crashes can distort counts on large
segments of the highway system. Errors can be due
to failure of the mechanical counter, field personnel
mistakes, or improper count location. Procedures
have been developed to help correct for some of this
variation, but those procedures too are imperfect.
Therefore, traffic counts should be thought of as
approximations. The practitioner should ensure
that when counts are presented, they are rounded
sufficiently to reflect the realistic level of accuracy.

Methods of Counting

A wide spectrum of processes is available for traffic
counting. The method selected should reflect the
anticipated use of the data. To analyze or design an
intersection, for example, counts of turning volumes
and pedestrian activity are required. For assessment
of air quality impacts, only daily and hourly volumes
by vehicle classification are needed.

The two basic types of counts are those made using
mechanical counters and manual counts made by field
personnel. Automatic traffic record (ATR) counts are
either portable or permanent. The count may be a
classification count (indicating vehicle type along with
volume) or just the total volume of all vehicles. Some
ATRs can classify traffic, measure speed, and give the
distribution of volume by travel lane.

The main advantage of an ATR over manual counting
is lower cost. This is offset, however, by a host of
things that can go wrong with mechanical devices.
Some types of ATR are prone to over- or under-
counting, depending on the type and placement of
the vehicle detection device. The counter itself or the
power source may malfunction for a variety of reasons.

Manual counts overcome the problems of mechanical
failure but are subject to human error. Inexperienced
surveyors often have difficulty simultaneously tracking
and recording all the vehicles passing a count location.
Mechanical counter tally boards allow the surveyor to
record vehicles by direction and type without looking
away, but practice is required to develop the technique
necessary to use this type of equipment.

Both ATR and manual counts are recorded by time
period, usually each hour or 15 minutes. As a simple
check, the counts should be tested for consistency
from day to day or during consecutive time periods.
Large unexplained variations are reason enough to
repeat the count.

Types of Counts

The following is a brief synopsis of some of the most
common types of traffic counts.

»  Spot counts—Manual spot counts typically are
conducted at intersections or at driveways
serving major traffic generators. They usually
include the volume of through and turning
traffic (by direction) on each leg, vehicle
classification (type), and pedestrian activity. Spot
counts typically are made only for a.m. and p.m.
peak hours and are summarized by 15-minute
increments.

»  Cordon counts—A cordon count is one in which
a particular area is completely encircled, and
counts are made on all roads leading into and out
of it. Traffic usually is recorded as total volume
but may be by type of vehicle and direction of
travel. Counts usually cover 48 hours and are
tabulated for each hour.

»  Short counts—Short count sampling involves
counting vehicles for 5-, 10-, 15-, or 20-minute
periods at a specific location. The counts are then
expanded to hourly totals using factors from a
nearby “control station.” This technique, usually
reserved for higher volume locations, allows one
checker to cover more locations in a given period.
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6.4.4 Travel Forecasting

Traffic Data Sources

The Office of Transportation Data is the unit

within Iowa DOT that handles and disseminates
transportation data. The Office of Transportation
Data is a primary source for existing traffic data.
Traffic data may also be available from other sources,
such as the Metropolitan Planning Organization
(MPO), counties, cities, previous studies, or specific
projects. The type and quality of these sources should
be evaluated relative to intended use.

The Office of Systems Planning of lowa DOT
oversees long-range planning, MPO/RPA support,
and grant program management. The long-range
planning and MPO/RPA Support section contains
two units: Forecasting and Modeling, and Planning.
The two main focus areas for Grant Program
Administration are reviewing of project applications
and selection of projects for approval, and assisting
project sponsors with the development process and
monitoring of construction progress.

Traditional Forecasting Methods

The proliferation of personal computers has
facilitated an increase in the sophistication level

of methods used to forecast travel. Before it large
databases could be manipulated quickly and
inexpensively, and transportation planners relied on
much simpler forecasting techniques. Some are still
applicable in cases where time or cost constraints
require the use of short cuts.

Traffic forecasts can be developed based on historical
growth of traffic at relevant count locations, or
areawide population growth projections. For
example, traffic can be extrapolated at a rate of

1 percent per year for a 20-year period to obtain a
forecast. This approach can serve as a quick analysis
method. The results from this approach can also be
used as a comparison with other forecast methods as
a relative check.
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Origin-Destination Surveys

As the name implies, origin-destination studies are
intended to obtain data regarding the points of beginning
and ending a trip, but most also obtain other related
information such as trip purpose, vehicle type (car,
truck), vehicle occupancy, time of day, and frequency of
travel. Surveys typically are used to conduct the study,
and the types of questions asked should be tailored to
the location and purpose of the survey.

When planning an origin-destination study, the first
question to be answered is: What is the purpose of or
reason for undertaking the study? The purpose will
dictate, to a large extent, the number and types of
questions to be asked. It is best to keep the interview
or questionnaire as short as possible. This will result
in the least traffic delay (if, for example, the survey is
administered on the roadside) and the greatest rate
of return. Experience has shown that travelers are
more apt to respond if little effort or time is required.
Superfluous questions should not be asked.

Chapter 9 of the Manual of Traffic Engineering Studies®
contains a comprehensive description of various
types of origin-destination studies. Those planning
to make an origin-destination survey are referred

to this publication for a detailed explanation of

the recommended procedures and the advantages
and disadvantages of various types of survey. The
following sections provide further guidance to assist
in the planning and conduct of these studies.

Surveys of Traffic Using a Particular Route

The roadside interview origin-destination study is
the most common and effective means of obtaining
travelers” information on a specific segment of
highway. A representative sample of drivers (not less
than 20 percent) is stopped at the survey location
and questioned regarding origin, destination, trip
purpose, etc. The surveyor can record time of day,
vehicle type, vehicle occupancy, state of licensure,
and other information, such as direction of travel. A
concurrent count of the number and type of vehicles
passing the survey station by 2- or 1-hour intervals
provides a tool to expand the survey sample to
represent the entire traffic stream.

¢ Institute of Transportation Engineers. The Traffic Safety Toolbox, Washington DC, Institute
of Transportation Engineers. 1999.
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Although the roadside interview survey can be
administered quickly, limitations are imposed on the
use of this procedure by the volume and speed of traffic
on the roadway. Where traffic volume is so great that
stopping even a small sample of drivers would cause
undue congestion, or where high speeds would make

it difficult or unsafe to stop vehicles (on a freeway, for
example), other less intrusive methods should be used.

The return postcard questionnaire survey is a popular
alternative to the roadside interview. This type of
study requires stopping a sample of drivers but only
long enough to hand out a return mail questionnaire.
A concurrent vehicle classification count is required
to expand sample survey returns. The Institute of
Transportation Engineers (ITE) publication indicates
that return rates of 25 to 35 percent may be expected.
Experience has shown that the rate of return is
extremely sensitive to the effort required to complete
the questionnaire and the interest shown by drivers
in the purpose of the study. Often, a short lead-in on
the questionnaire explaining why the survey is being
administered and how drivers may benefit from the
findings will enhance the response rate.

The return postcard questionnaire survey can be
administered efficiently on somewhat heavily traveled
roads, bridges, or ramps, but stopping freeway or
expressway traffic to distribute a questionnaire usually
is infeasible. A method that can be used to avoid this
problem is the license plate questionnaire survey.

Here the license numbers of vehicles passing a survey
point are recorded manually or by high-speed video.
Through use of vehicle ownership registration records,
a return mail questionnaire is then sent to the owner
of the vehicle. There are serious drawbacks to this
procedure beyond those presented in the ITE manual.
First, there is an issue of confidentiality. Some see this
type of survey as an intrusion on individual privacy.
Also, it is necessary to match the license plate number
with the registrant and to send out the questionnaire
immediately after the trip is observed. Otherwise, the
driver might forget the particulars or even having made
the trip. Finally, it is often not possible to reach out-of-
state drivers or truck operators in this way. When these
types of vehicles make up a large share of the traffic
stream, another survey method should be employed.

There is a family of survey methods designed to obtain
point-to-point travel data rather than between origin
and destination. These can be used, for example,

to determine ramp-to-ramp travel patterns, or the
proportion of drivers who make through or local

trips. A common method employed is the moving-
vehicle license plate survey, made by manually recording
all or part of each vehicles license plate or by using
high-speed video to do the same. By matching license
numbers, trips can be linked between survey points at
the entrances and exits of a study corridor.

Areawide Origin-Destination Surveys

The home interview origin-destination survey is the
most common survey technique applied to determine
travel patterns throughout an area, rather than in

a specific corridor. Comprehensive transportation
surveys conducted in many urban areas during the
last decades of the 20th century relied extensively

on home interviews. Surveys were conducted of a
statistically selected sample of dwelling units, ranging
from as few as 5 percent or less in the largest areas

to upwards of 20 percent in smaller areas. Each
resident of the selected dwelling was asked to furnish
a 1-day record of travel specifying the trip origin and
destination, purpose, travel mode, time of day, and
other related information.

Selected areawide travel patterns may be obtained
through an employee origin-destination survey
conducted by either personal interview or
questionnaire at the place of employment. Similar
surveys may be conducted at a shopping center,
office building, recreational attraction, or other type
of land use. The purpose of the survey would be

to determine the travel patterns and characteristics
of persons employed at or patronizing a particular
location. As with other surveys of this type, it is
always necessary to determine total employment or
use of the location surveyed to facilitate expansion of
the sample survey results to represent all travelers.

Because of the time and cost required to carry out a
home interview origin-destination survey, this type of
study is seldom conducted anymore. Because travel
is habitual, it is possible to use the vast databank
already assembled nationwide to synthesize areawide
travel patterns.
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Travel Demand Models

A transportation model is a series of mathematical
equations running in specialized software programs
that represent how choices are made when people
travel. Models give transportation professionals

the ability to analyze the effects that policy and
programming decisions may have on travel patterns
and traffic volumes on specific roadways.

Origin and destination data obtained through the
types of surveys described above are seldom treated
as discrete data points. Rather, the data are almost
always aggregated into geographic units called
traffic analysis zones (TAZ). The size of a TAZ varies
greatly from one place to another, but usually they
are designed to contain homogeneous land uses and
should not be severed by a travel barrier, such as a
river or railroad. Travel patterns are then described
and analyzed by the volume of trips between pairs of
zones, and stratified by purpose, time of day, travel
mode, etc. The generally accepted four-step process
consists of:

1. Trip generation

2. Trip distribution
3. Mode split

4. Traffic assignment

Exhibit 6-5 is a generic flowchart of the
transportation planning process.

The trip generation analysis produces an estimate of
the number of trips produced or attracted in each
TAZ. Statistical relationships between land use and
the number of trips that land use generates can be
taken from prior studies, or from the commonly used
ITE publication, Trip Generation. Trip distribution
is the process of distributing the generated trips
between origin and destination zones. Most studies
achieve this by use of a “gravity* model fashioned
after Newton’s Law of Gravitation and then a
revised form in Riley’s Law of Retail Gravitation. In
the simplest terms, trips produced in one TAZ are
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distributed to all others based on the number of
potential attractions in each TAZ and some function
of the separation between zones. Data on the
distribution of trip lengths by purpose, taken from
prior studies, is the starting point of this process. The
result is an estimated “trip table” giving the number
of trips between each pair of TAZ.

When trip tables are in terms of “person trips,”
another step is required to translate that information
into vehicular trips. Complex mathematical modal
split models have been developed for this purpose,
but most studies simply apply vehicle occupancy
factors to total person trips. Unless public transit
patronage is a significant proportion of total travel,
it is preferable to construct a “vehicle trip” model,
thereby alleviating the need for modal split.

Finally, zone-to-zone trips are assigned to the
roadway network using algorithms available in
published software. The model is then calibrated to
generally match counted traffic volumes by adjusting
some of the factors used in trip generation and
distribution, or in the assignment process.

Caution must be exercised in using the assigned
traffic volumes for planning or design in their raw
format. The calibrated traffic assignments usually
are reliable when viewed areawide or for a highway
corridor, but the process may not produce precise
forecasts for specific highway segments. A particular
caveat is appropriate in dealing with intersection
turning movements. Most of the traffic assignment
software packages will produce summaries of
intersection turns, but again these should not be
applied in raw form.

The model can best be used to test the sensitivity of
traffic flow to changes in population or employment
(trip generation) or modifications of the roadway
system. Comparing the outputs of two assignments
can develop realistic expansion factors. Application
of these factors to ground counts will produce the
most reasonable approximations of the effect that
change would have on traffic.
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Exhibit 6-5
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6.4.5 Traffic Data Needs for Different Types
of Analysis

Specific traffic data are needed for different types
of analyses. The following analyses are described
relative to the traffic data inputs:

» Traffic operational analyses
» Safety studies

» Pavement design

Traffic Operational Analyses

In most cases, traffic operational analyses will require
peak hour traffic volumes for input. The peak hour
traffic volumes can be determined from existing
traffic counts or derived from projected all-day traffic
volumes. To calculate future peak hour forecasts both
‘K and ‘D’ factors should be used from existing counts.
The K factor is the percentage of all-day traffic that
occurs in the design or peak hour. The D factor is the
directional distribution of the traffic that occurs in the
design hour. These factors should be evaluated and
adjusted if projected development within the study
area would affect the existing traffic patterns.

It is generally recommended that turning movements
directly outputted from a travel demand model not
be used in intersection operational analyses. Modeled
turning movement flows should be evaluated for
reasonableness with the aid of existing turning
movement counts, knowledge of the location and the
amount of new development in the region potentially
affecting travel patterns, and understanding of local
trip-making characteristics. In many cases, new
land-use development and roadway facilities have

a strong impact on the directional distribution at
intersections. A combination of these resources
should be used to determine future intersection
turning volumes.

Safety Studies

Safety studies usually involve calculating an accident
rate measured in crashes per mile, per million vehicle
miles traveled (MVMT), or per 100 MVMT for a
roadway segment. For intersections, the accident

CHAPTER 6

rate typically is measured in accidents per million
entering vehicles (MEV). In both cases, an all-day
existing traffic volume (ADT) is used in the analysis.
Other safety studies may evaluate crash frequency
over a 24-hour period compared to an hourly volume
distribution over the same period. This type of
analysis requires hourly traffic volumes developed
from ADT.

Pavement Design

One of the major determinants of pavement

design is the estimate of loads from vehicles that a
roadway will carry over time. Loads are expressed

as equivalent single axle loads (EASLs). Based on

a forecast of opening day and design year traffic

by vehicle classification and observed axle weight
distribution by vehicle type, the number of estimated
axle loads is equated to the equivalent number of
repetitions of an 18,000-pound single axle.

6.4.6 Agency Coordination for Projects
Requiring Traffic Data

Traffic data requests for existing information

are available through lowa DOT5 Office of
Transportation Data and perhaps other sources

(see Sections 6.4.1 and 6.4.4). Where traffic data

are not readily available or gathered from other
sources, they need to be evaluated by lowa DOT

for reasonableness. In addition, traffic forecasts
should be conducted in close coordination with the
appropriate MPO/RPA and Iowa DOT's Office of
System Planning to create or to verify traffic forecasts.

6.5 Highway Capacity Analysis Tools

The HCM provides methods for estimating
performance measures for individual elements of
transportation systems. The elements covered in the
HCM and the service and performance measures are
listed in Table 6-6.
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6.5.1 Application of the Highway
Capacity Manual

Analysis procedures provide results that can be used
to identify when a facility is not operating at an
established standard for a jurisdiction. Identification
of such a facility can help explain the causes of
deteriorated performance, and also allow analysts to
determine appropriate countermeasures. The same
procedures can be used to evaluate the effectiveness
of implemented improvements.

The HCM is often used as a source for developing
project purpose and need, and later in the evaluation
of improvement alternatives. Failure of a roadway

Table 6-6
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to satisfy capacity needs makes a strong point for
future improvements.

Individual Elements

The HCM is used to analyze the performance of
individual elements (such as a freeway section)

and even sub-elements (ramp junctions, weaving
segments, and basic freeway segments). The results
of analyses of individual elements of a transportation
system are often combined to obtain a broader view
of the performance of the system.

Analysis of individual elements in a system
helps identify the critical elements of the system;

System Elements for Which the HCM Has Analysis Procedures
HCM 2000

Element

Primary Performance Measure
(Determines LOS) for Individual
Elements

Performance Measure Used to
Calculate Travel Time for Systems
Analysis

Urban Street Speed Speed
Signalized Intersection Delay Delay

TWSC Intersection Delay Delay
AWSC Intersection Delay Delay
Roundabout a Delay
Interchange Ramp Terminal Delay Delay
Two-Lane Highway Speed, % time spent following Speed
Multilane Highway Density Speed
Freeway

Basic Segment Density Speed
Ramp Merge Density Speed
Ramp Diverge Density Speed
Weaving Speed Speed
Transit b Speed
Pedestrian Space, Delay Speed, delay
Bicycle Event, Delay Speed, delay

2HCM does not provide a method for estimating performance of rounaabouts, refer to HCM (Chapter 17) for additional information.

bSeveral performance measures are used to determine LOS for a transit system; refer to the HCM (Chapter 27) for additional information.
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in other words, the elements that are limiting

the system’s overall performance. Specific sub-
elements that operate poorly and affect the overall
performance of an element can also be identified.
Once the magnitude of a problem is determined,

an appropriate countermeasure can be chosen.

For example, a queue on a freeway caused by a
downstream bottleneck affects not only drivers on
the mainline but also drivers on ramps. A poor
quality of service on the freeway mainline in a ramp
junction area will result in lower quality merge
operations. An analysis of both movements will
help determine the appropriate solution, whether
lengthening the turn lane, lengthening the protected
left turn phase, or some other treatment.

System Analysis

An aggregate view of a system is obtained by
combining the analyses of individual elements.

A system analysis can be performed for a facility,
corridor, and an area. System analyses can cover
only one mode or consider all modes in a system.
Performance measures for individual elements are
aggregated into a measure for a facility. Performance
measures for several facilities are combined to
obtain a measure for a corridor. Measures for several
corridors can be combined in the analysis of an
area (the highest level for which an analysis can be
performed). This is depicted in Exhibit 6-6.

Travel time generally is the performance measure
used for a system. Speed and delay estimates for
individual elements are converted to travel times
and aggregated for the system. Sometimes speed
and delay are aggregated for the system and used
as performance measures. Parts Il and IV of the

Table 6-7

Levels of Analysis
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HCM provide guidance on combining performance
measures. If, for example, a number of separate
improvement projects are proposed in an urbanized
area study, the system analysis would involve
determination of performance measures for each
element of the improvement plan, and aggregating
these measures by facility and corridor to arrive at an
appraisal of overall performance.

Levels of Analysis

Several levels of analysis are available: operational,
design, and planning. The choice of level depends
on the purpose of the analysis, and the decisions that
need to be made for the facility. The level of detailed
analysis determines the data needed to perform the
computations. Table 6-7 shows the main objectives
of the three analysis levels.

Operational Analysis

This type of analysis is used to determine current
or future operating conditions. The results help the
analyst determine:

» The nature of existing problems

» Estimated effects of proposed alternative
solutions (lane use, control devices, signal
phasing, bus stop location)

» Improvements achieved by implemented treatments
» Larger-scale planning study needs
» At what volume levels the system will reach or

exceed capacity

Operational analyses have a short-term, more
immediate focus than other types of analyses. For
this reason, it is necessary that data used as inputs

HCM 2000
Analysis Objective
Countermeasure
Level of Analysis Problem Identification Selection Evaluation
Operational Primary Primary Primary
Design Not Applicable Primary Secondary
Planning Secondary Primary Not Applicable
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into the procedure be relatively detailed. Field
measurements of traffic volumes, facility geometry,
and other physical features, and traffic control
devices should be used as inputs, rather than using
default values suggested by the HCM. This allows for
a more accurate estimation of performance measures.
Examples of operational analyses would be studies
of intersection modifications, or consideration of
either providing or withholding access along a
transportation route.

Design Analysis

Design analyses are used to determine physical
features required for a new or redesigned facility

to operate at a given LOS. Typically they are used

for mid- to long-term projects. The results help the
analyst determine features of the facility, such as basic
number of lanes, need for auxiliary lanes, and other
higher-level features. More specific geometric details

can be determined based on the results as well,
including lane width, grade, length of added lanes,
and sidewalk widths. For example, the highway
designer would incorporate capacity analysis into
decision-making in the development of typical
cross sections and establishing design criteria for
horizontal and vertical elements.

Because design analyses do not account for all the
physical features of a facility, the input is not quite
as detailed as for operational analyses. As much
information as possible should be used for the
analyses, but because of their long-term nature,
some default values will be needed. The accuracy
and precision of traffic prediction methods have
some limitations, and for this reason the use of some
default values is sufficient in this level of analysis.

Exhibit 6-6
Area Performance
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Planning Analysis

Long-term strategic issues are analyzed with planning
level analyses. The HCM provides examples of
situations in which this level of analysis is appropriate:
configuration of a highway system or set of bus routes,
expected effectiveness of a new rail system, or likely
impact of a proposed development. Determination of
when a system’s LOS will fall below the desired level,
and assessment of policies such as lane use controls,
systemwide freeway ramp metering, and congestion
pricing are also appropriate planning level analyses.

The amount of detailed data needed for operational
or design level analyses is not needed for planning
analyses. Default values are generally used, rather
than detailed inputs.

Use of Default Values versus Field Values

Data that can be gathered in the field should be used

in the analyses. This is especially true for operational
analyses, which have a more immediate focus. For
planning analyses for facilities not yet built, data from
an existing facility similar to the planned one should be
gathered in the field. If field data from the facility under
analysis or a similar facility are not available, efforts
should be made to determine local policy or typical
local or state values. If no other information is available,
default values presented in the HCM should be used.
The more applicable to a specific facility input data are,
the more reliable the results of the analysis will be.

6.5.2 Urban Street Concepts

Several performance measures related to traffic flow
and speeds are used to describe the operation of
urban streets. Average travel speed, which accounts
for both vehicle interaction and traffic control delay,
is used to determine LOS.

Urban Streets

Urban streets are arterials and collector roads in
urbanized or downtown areas, and have a functional
classification ranked between local streets and
multilane suburban and rural highways. They
provide more mobility than local streets, and more
access than multilane highways.
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There is more development along an urban street
than on multilane suburban and rural highways, and
the density of traffic at driveways and intersections

is higher. Urban streets are characterized by traffic
signals (spaced less than two miles apart) used both
to move traffic through an urban area as well as
provide access to local business. The signals could be
timed to cause vehicles to travel in platoons. Time-of-
day turning, parking, and lane use restrictions may
be implemented to allow an urban street to function
as an arterial during peak hours.

Pedestrian, bicycle, and transit operations are part
of an urban street. In addition to disruptions in
traffic flow caused by these other modes, stopped or
standing vehicles such as taxis, trucks, and parking
vehicles add to the turbulence in the traffic flow.

Traffic Flow

Traffic flow on urban streets is affected by the street
environment, interaction between vehicles, and traffic
control. Street environment refers to number of lanes
and lane widths, median type, driveway density,
signalized intersection spacing, parking, pedestrians,
and the speed limit. Vehicle density, the mix of vehicle
types, and turning movements affect the interaction
between vehicles mainly at intersections but also on
roadway segments between signals. Traffic control
devices affect flow by causing speed changes and delay
for some or all vehicles on an urban street but are
necessary to assign right-of-way.

Free-Flow Speed

Free-flow speed is the speed at which drivers
would travel if there were no interaction with other
vehicles and no traffic control to cause the driver to
decelerate. Free-flow speed is determined by finding
the average travel speed on a facility at locations
far enough from traffic control devices, and when
traffic volumes are low enough, so that speeds are
not affected by either. Free-flow speed typically is
measured at mid-block locations along an urban
street. Roadway traffic detectors or radar guns are
most often used to measure free-flow speed.
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Running Speed

As drivers are rarely able to travel at free-flow speed,
the average running speed is a measure used to describe
operations of an urban street. The average time taken
to travel the urban street segment under analysis
(excluding any stop delay) is the average running time,
and the length of the segment divided by this average
running time provides the average running speed. This
value helps describe the interaction among vehicles
but does not account for traffic control.

Travel Speed

Average travel speed is a measure of an urban street’s
performance that accounts for traffic control. This
value is calculated using the length of the segment
and the average time to travel along the segment,
including stop delay.

Time-Space Trajectory

Time-space trajectories are graphical representations
of vehicle travel along one lane of an urban street.

A line is plotted for each vehicle, and the slope of
the line represents the vehicle speed. The steeper
the slope of the line, the higher the vehicle speed. A
horizontal line indicates the vehicle is stopped.

Level of Service

The average travel speed is the performance measure
used to determine LOS on urban streets. Since the
average travel speed of through vehicles accounts for
the running speed on a segment and also delay due
to traffic control, it is the measure that best describes
the operation of urban streets.

Urban streets provide both access and mobility. The
average travel speed describes the mobility provided
by an urban street. Although the level of access a
street provides should be evaluated when considering
a street’s performance, it is not assessed by the
procedures to determine an urban street’s LOS.

Exhibit 15-2 in the HCM (2000) shows the LOS
criteria based on average travel speed. LOS A is
primarily free-flow operation, whereas LOS F

is characterized by extremely low-speed flow.
Intersection congestion is likely, along with high delay,
volume, and queuing. Descriptions of the conditions
at the various levels are provided in the HCM.

Data Need's

Data needed for analysis of an urban street segment
include the following geometric and demand
information:

»  Urban street class—The classification of urban
streets differs from AASHTO functional
classifications in that posted speed limit, signal
density, access-point density, and other design
features are used to determine class, rather than
travel volume, mileage, and characteristic of
service, as with AASHTO functional classes. The
HCM contains definitions of urban street classes.

»  Segment length—The segment should be at least
1 mile long in a downtown area, 2 miles long in
other areas. Shorter segments should be analyzed
as individual intersections.

»  Free-flow speed—If this cannot be measured
for a facility under analysis, attempts should
be made to measure free-flow speed on similar
facilities in the area before default values are
used. The method of measuring free-flow speed
is described above.

»  Signal density—This value is the number of
signals on the analysis segment divided by
segment length.

»  Peak hour factor—If field measurements cannot
be made to provide a peak hour factor, estimates
can be obtained from the HCM that depend on
whether the flow is congested or fairly uniform.

»  Directional distribution—The proportion of vehicles
traveling in either direction on a roadway in any
given hour. For ADT, the volume is approximately
the same in each direction of travel, but the hourly
flow of traffic can vary widely.

» Length of analysis period—An analysis period of
15 minutes is appropriate unless demand at the
intersections creates a residual queue for the
period. In this case a longer period or multiple
15-minute periods should be used.

»  Service volume—If the volume of traffic being
served by an urban street cannot be measured
in the field, the HCM provides estimates for
volumes at given levels of service, urban street
class, and number of lanes.
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The HCM contains default values for many of these
characteristics. When possible, field measurements
should be made to determine parameter values to

be used as inputs to an analysis of an urban street’s
performance. Default values are less reliable than
field measurements, and should only be used when it
is infeasible to obtain the field data.

Signalized Intersections

As the LOS on urban streets accounts for control
delay, the operation of signalized intersections affects
the LOS on urban streets. Given that signals allocate
time among the traffic movements that use an

urban street, the capacity of the intersection and its
approaches are affected by the way in which time is
allocated. This also affects the capacity of the urban
street. Traffic flow and signal cycle characteristics,
along with saturation flow rate, are used to analyze
signalized intersection operations.

Traffic Flow

Fundamental attributes describing traffic flow

at signalized intersections include length of the
signal cycle and of each indication (red, green, and
yellow), lost time, and flow rate. The HCM provides
definitions of all the attributes, and a few are
described here:

» Effective green time—The effective green time
is the part of a signal cycle during which a
specific movement may proceed through the
intersection. This time is not exactly the same as
the time allocated to the movement by the signal
indication, because the green time is shortened
at the beginning of the indication because of
drivers’ reaction times once they perceive the
signal has turned green, and then extended when
vehicles use the change and clearance interval
(yellow plus all-red indication) to travel through
the intersection. The remainder of the cycle is the
effective red time.

» Lost time—The time during which the
intersection is not used efficiently by any vehicles
is termed lost time. Startup lost time is the time
at the beginning of a green indication during
which drivers react to the change of the signal
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from red to green and begin to accelerate through
the intersection. Clearance lost time is the time
after the effective green time for a movement

that has ended, when no vehicles are using the
intersection.

Traffic Signal Characteristics

The manner in which traffic signals allocate time
affects the capacity and LOS of signalized intersections.
The type of signal controller and the accommodation
of turning movements both affect operations.

Controller Type

Each lane group is either actuated or nonactuated,
and the signal controller provides either constant

or variable phases for the lane group. Actuated lane
groups have detectors that let the signal controller
know a vehicle is present in that lane group and
needs part of the cycle allocated to it. If vehicles are
not detected by the signal controller, the phase for
that lane group would be skipped. Nonactuated lane
groups have fixed minimum green times, and these
are extended if there are actuated lane groups at the
intersection that do not use any part of the cycle. An
intersection can be:

» Pretimed—There are only nonactuated
lane groups.

»  Fully actuated—All lane groups have detectors
and are actuated.

» Semiactuated—Typically the minor approaches
have detectors and are allocated green time only
if a vehicle is detected.

Accommodation of Turning Movements

Turning vehicles can be given protected or permitted
movements, or a combination of these. In addition,
signal phases can be designed so that turning
movements are not opposed. With permitted

turn phasing, turning vehicles share a phase with
opposing traffic, including opposing pedestrians
and bicycles. Drivers need to wait for a gap in the
opposing flow before proceeding through a turn.
With protected turn phasing, turning vehicles are
able to complete maneuvers without waiting for
gaps since the opposing flow is stopped during the
protected turn phase.
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Depending on the turning volumes, opposing traffic,
intersection geometry, and other conditions at a
specific intersection, one type of turn phasing may
be more efficient than the other. A combination

of phasing types can be used for turns, as well. A
permitted phase could be preceded by a leading
protected phase or followed by a lagging protected
turn phase.

In some situations, turning vehicles would not be
opposed at all. This occurs at T-intersections, one-way
streets, and intersections using split phasing. Split
phases separate all movements in opposite directions.
Providing for unopposed turns allows turning and
through vehicles to share lanes in some cases.

Saturation Flow Rate

The saturation flow rate is the hourly flow rate at
which vehicles can proceed through an intersection
under prevailing conditions, assuming that the green
signal is available at all times and no lost time is
experienced. Capacity is determined using saturation
flow rate, and it can be determined from field
measurements or a default value can be used and
adjusted for site-specific conditions.

Level of Service

Control delay is used to define LOS at signalized
intersections. The control delay is defined as the
difference between the travel time actually experienced
and the travel time that would be experienced if there
were no traffic control, geometric delay, incidents,

or other vehicles affecting the travel time. Control
delay measures driver discomfort, frustration, fuel
consumption, and increased travel time. Delay
depends on factors such as quality of progression,
cycle length, part of the cycle that is green, and
volume-to-capacity (v/c) ratio for the lane group.

The critical v/c ratio is a measure of how sufficient
an intersection is, based on conflicting critical flow
rates and signal phasing. As the v/c ratio increases,
LOS worsens.

Exhibit 16-2 in the HCM shows the LOS criteria based
on control delay. At LOS A, drivers experience low
control delay. At LOS F, the arrival rates often exceed
the capacity of lane groups and the v/c ratio may be

high. Poor signal progression and long cycle lengths
contribute to high delays. Descriptions of the conditions
at the various levels are provided in the HCM.

Data Needs

Data needed for analysis of a signalized intersection
include such geometric, demand, intersection, and
saturation flow information as:

» Exclusive turn lanes

» Turning movements

» Peak hour factor

» Length of analysis period

» Cycle length

» Lost time

» Basic saturation flow rate

» Lane width

» Heavy vehicles

» Grades

» Parking maneuvers

» Bus stops

» Lane use

Many other data are needed as well and are listed in
the HCM.

Traffic information for signalized intersections is
usually collected in the a.m. and p.m. peak periods
for a duration long enough (say, 2 hours in each peak
period) to include the entire peak hour.

Unsignalized Intersections

The category of unsignalized intersections includes
two-way stop-controlled (TWSC) intersections,
all-way stop-controlled (AWSC) intersections,

and roundabouts. Stop signs are used to control
movements at TWSC and AWSC intersections, and
yield signs are used at roundabouts.

Traffic Flow

Traffic flow at the three types of unsignalized
intersections varies by intersection type but is similar in
that the determination of right-of-way is left to drivers.
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Two-Way Stop-Controlled Intersections

At TWSC intersections, through and right-turning
vehicles on the major street (which does not have
any stop signs) have the right of way. Left-turning
vehicles must yield to opposing through traffic. This
description implies that the major street through
and right-turning vehicles will not experience any
delay, but in reality major street left-turning vehicles
can queue during congested conditions and delay
the primary movement. Vehicles on the minor street
approaches stop at the intersection and yield to all
major street traffic. Minor street left-turning vehicles
also yield to all other minor street traffic.

Capacity at TWSC intersections depends on gap
acceptance by the drivers on minor streets. The
availability of gaps, the usefulness of the gaps, and
the relative priority of each movement needing to use
the gaps all factor into whether a driver will accept
a particular gap in the major street traffic. A striped
median or center two-way left-turn lane (TWLTL)
allows two-stage gap acceptance, where minor street
drivers can use one gap to cross part of the major
street, and then wait in the median or TWLTL for

a second gap to use to complete their left-turn or
crossing maneuver. The following factors that affect
capacity at TWSC intersections:

» Pedestrians
» Whether minor street movement share lanes

» Existence of nearby signalized intersections that
can provide gaps

All-Way Stop-Controlled Intersections

At AWSC intersections, every vehicle stops before
proceeding through the intersection. If other vehicles
are present, each driver proceeds only when it is

his or her turn. AWSC intersections operate in a
two-phase or four-phase pattern, depending on the
intersection geometry. Right-of-way either alternates
between the north-south and east-west traffic
streams (for single-lane approaches) or proceeds one
approach at a time (for multilane approaches). The
more approaches that have vehicles, the greater the
potential for conflicts between vehicles, as driver
decision time and saturation headways are longer.
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Roundabouts

Vehicles entering roundabouts yield to vehicles
already in the roundabout. There are no conflicts
for the circulating vehicles while they are in the
roundabout. Speeds are controlled by the geometry
of the roundabout rather than by signs or pavement
markings. Gap acceptance methodology is used to
evaluate capacity at roundabouts. Capacity of the
approaches depends on the conflicting circulating
traffic and the gaps that vehicles on the approaches
need. There is no current (2008) section in the Iowa
DOT Design Manual on roundabouts. The Towa DOT
is preparing draft modern roundabout guidelines,
which should be available soon and may then be
included in the Desigh Manual.

Level of Service

Control delay, delay to major street through vehicles,
queue length, and v/c ratio are performance
measures used to describe the operations of TWSC
intersections. Control delay is the primary measure
and is used to determine LOS. Summation of
control delay for individual movements results in a
delay estimate for each minor street movement and
approach. Control delay is also used to determine the
LOS for AWSC intersections. At AWSC intersections,
control delay is the difference between the time it
takes a vehicle to approach and pass through the
intersection and the travel time if the vehicle were
traveling at free-flow speed without having to stop at
the intersection.

Exhibits 17-2 and 17-22 in the HCM show the LOS
criteria for TWSC and AWSC intersections based on
control delay.

Data Needs

Evaluation of unsignalized intersections requires
geometric, control, and volume information, as with
other facility types. The following data are needed:

TWSC

» Major and minor street through and
turning lanes

» Channelization

» Approach grades
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» Movement controls (stop- or yield-controlled)
» Turning movement volumes
» Peak hour factor

» Length of study period

AWSC

» Number and configuration of lanes on
each approach

» Turning movement volumes

» Peak hour factor

» Length of study period

Roundabouts

» Intersection geometry
» Turning movement volumes

» Peak hour factor

6.5.3 Pedestrian and Bicycle Concepts

An important consideration when evaluating the
operational performance of a transportation facility

is the quality of service provided to nonmotorized
forms of transportation. In addition, separate
pedestrian and bicycle facilities also can be evaluated
using procedures described in the HCM. Other key
references are lowa DOT Bicycle/Pedestrian Policies
and the AASHTO Design Guides for Design of
Bicycle Facilities and Planning, Design and Operation
of Pedestrian Facilities.

Pedestrians

Many of the concepts of pedestrian capacity and LSO

are similar to those for vehicular traffic.

Pedestrian Flow

The following factors affect pedestrian flow rate:

»  Pedestrian accommodation—type and width of
walkway

» Interaction with other pedestrians, including
ability to:
—  Cross a pedestrian traffic stream

—  Walk in the opposite direction of a major
pedestrian traffic stream

— Maneuver generally without conflicts and
walking speed changes

» Interaction with vehicular traffic, including delay
at signalized and unsignalized intersections

» Environmental factors:
—  Comfort

— Convenience
—  Safety

— Economy

Pedestrian flow has the same relationship among
speed, density, and volume as does vehicular

traffic: as density and volume increase, speed
decreases. Mobility declines as density increases, and
pedestrians have less space for maneuvering.

If local data are unavailable, 23 persons per minute
per foot or 1,380 persons per hour per foot can be
used as capacity of a pedestrian facility. Capacity

is affected by the design of the facility and factors
related to the walking capabilities of pedestrians.
These are listed below.

Space

An important concept in pedestrian facility design is
space requirements for the pedestrians. Assumptions
are made regarding the space a body occupies

(3 square feet), as well as the size of a buffer zone
around the body (8 square feet). Forward space is the
room each pedestrian needs in front of him or her to
walk and to sense obstructions or other pedestrians
to the front. Space available for pedestrians in a
queuing area is also a factor in the quality of service.

Walking Speed

Average walking speed is affected by age of pedestrians
and by grade. Chapter 11 of the HCM presents speed
values to consider in design of pedestrian facilities.
The presence of slower-moving children in the
pedestrian stream will reduce the average walking
speed. A grade of 10 percent or more will reduce
average walking speed by 0.5 foot per second.
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Startup Time

Similar to vehicular traffic, pedestrian flow
experiences lost time at crosswalks at traffic signals.
A lost time of 3 seconds is a reasonable assumption.

Walkway Width

Although pedestrians do not walk in organized

lanes, a width of 2.5 feet per person should be used
to determine the number of people that can walk
abreast on a facility. This allows room for comfortable
passing. Pedestrians tend to shy away from objects

at the edge of a sidewalk, such as curbs, buildings,
and other physical obstructions, and the space at

the edge should not be considered when analyzing a
pedestrian facility.

Pedestrian Type and Trip Purpose

Pedestrian speed and behavior are dependent on age
and the purpose of trips being made. As mentioned
previously, elderly persons and children tend to walk
slower than other pedestrians. People going to or from
work will tend to walk faster than people walking for
other purposes, such as shopping. In addition to slower
speeds, shoppers can also affect pedestrian flow if they
are carrying packages and stopping to window shop.
The effect of varying trip purposes and pedestrian types
should be considered when determining speed, volume,
and density values to use in analyses.

Level of Service

Many factors affect the LOS of pedestrian facilities,
including speed, presence of other pedestrians, ability
to cross a pedestrian stream, ability to pass slower
pedestrians, ability to maintain flow in the minor
direction of flow, and average space available to
pedestrians. LOS of pedestrian walkways is defined
using space available for individual pedestrians

and flow rate, and for queuing areas using average
pedestrian space. Exhibits 18-3 and 18-7 of the HCM
show the LOS criteria for pedestrian walkways and
queuing areas. Additional descriptions of the various
levels are provided in the HCM.
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Data Need's

Operational analyses of pedestrian facilities needs
data on the following:

» Length of sidewalk

» Effective width

» Street corner radius

» Crosswalk length

» Analysis period

» Number of pedestrians in a platoon
» Pedestrian walking speed

» Pedestrian startup time

These values should be measured in the field
whenever possible. The HCM provides default values
if field measurements are not feasible.

Bicycles

As speed, density, and flow of bicycle traffic do not
have the same relationships as vehicular or pedestrian
traffic, the performance measures described for
vehicles and pedestrians are not appropriate for
bicycle facilities.

Bicycle Flow

Bicyclists tend to operate in lanes, though bicycle
facilities do not have well-defined lanes like roadways
do. The number of effective lanes that bicyclists use
is an important input in analysis procedures. Three-
lane facilities tend to operate better than two-lane
facilities because there are more opportunities for
passing other bicycles and pedestrians.

Level of Service

LOS is defined for uninterrupted bicycle facilities
(off-street bike paths) using hindrance, which
measures the comfort and convenience bicyclists
experience. This is dependent on interaction with
other users, and how many bicyclists and pedestrians
a bicyclist will pass in either the same or opposite
directions. Hindrance is the fraction of users over

0.6 mile of a path who experience interference from
passing and meeting maneuvers. While hindrance
counts the number of bicyclists who experience
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passing or meeting events, it does not account for the
number of events a bicyclist experiences. Therefore,
it is possible to reach an LOS of E or F before the
facility reaches capacity. At low v/c ratios, the quality
of service can deteriorate. Number of events may be
used as a surrogate measure for hindrance.

For interrupted flow bicycle facilities, such as on-
street bicycle lanes that pass through intersections,
performance is measured with delay or average travel
speed, similar to vehicular traffic. Off-street bike
paths that occasionally intersect with roadways are
not considered interrupted flow facilities. Control
delay is the criterion used in determining LOS of an
interrupted flow bicycle facility.

Chapter 19 of the HCM contains tables showing the
LOS for various types of bicycle facilities (exclusive
bike paths, shared paths, signalized intersections,
and urban streets).

Data Needs

Data needed for analysis of bicycle facilities include
the following:

» Length

» Bicycle path width

» Analysis period

» Peak hour factor

» Bicycle speed

These values should be measured in the field
whenever possible. The HCM provides default values

for path width, peak hour factor, and speed if field
measurements are not feasible.

Additional information on pedestrians and bicycles
may be found in Chapters 11 and 19 in the HCM.

6.5.4 Highway Concepts

Multilane and two-lane highways are in less of

an urbanized environment than urban streets but
provide more access than freeways and, therefore,
require different analysis procedures from these
other types of facilities, even though they have many
characteristics in common.

Multilane Highways

Highways with a wide variety of geometric and traffic
control characteristics can be analyzed using the
HCM procedure for multilane highways. Multilane
highways can have characteristics in common with
urban streets, freeways, and rural two-lane highways,
specifically in terms of providing access and mobility.
Fewer traffic signals, more access points, fewer
pedestrians, and speeds higher by 5 to 15 miles per
hour (mph) are typical differences between multilane
highways and urban streets. Though multilane
highways can approach freeway conditions by having
very few access points, the roadside development has
more visual impact on drivers than along freeways.
Multilane highways allow drivers the opportunity

to pass slower moving vehicles without using lanes
designated for opposing traffic as on two-lane rural
highways. Other characteristics of a multilane
highway may include:

» Located in suburban areas leading into cities or
on high volume rural corridors

» Four or six lanes
» Speed limits 40 to 55 mph
» Median, TWLTL, or undivided

» Grade separated crossing, or at-grade
intersections, with signals at least 2 miles apart

» Traffic volumes from 15,000 to 40,000 or more

Traffic Flow

Free-flow speed and flow rate are affected by cross
section, access points, and vehicle and driver mixes.

Free Flow Speed

The free-flow speed for multilane highways is the
average passenger car speed at low-to-moderate
traffic flow. The upper limit of low volume is
1,400 passenger cars per hour per lane. The
following factors affect free-flow speed:

» Lane width and lateral clearance—The effect of
roadside obstructions close to the edge of travel
way can vary. Drivers can become accustomed to
certain obstructions, and the effect on speeds can
be reduced.
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» Median type—Undivided medians composed of
a striped centerline, TWLTLs, and raised curb,
barrier, or terrain medians can affect free-flow
speed since they allow or prevent access to
driveways on the opposite side of the highway
and provide varying degrees of separation from
opposing traffic. Proximity to opposing traffic
reduces the speeds with which drivers can travel
along the highway. Raised medians can also act
as lateral clearance obstructions.

»  Access points—The level of activity at access
points on the right side of the roadway affects
free-flow speed, and drivers tend to adjust their
speeds simply because of the presence of access
points. Driveways on the opposite side of the
road that have a significant effect on traffic flow
in a direction of travel being analyzed can be
included in access-point density calculations.

Free-flow speed can also be affected by design speed,
posted speed limits, and police enforcement of speeds.

Flow Rate

Capacity of a multilane highway is affected by the
mix of vehicles and the driver population, and
capacity calculations should take this into account.
The number of trucks, buses, and recreational
vehicles are converted to equivalent numbers of
passenger cars in order to provide a standard unit of
analysis. Conversion to passenger car equivalents is
especially important on grades, where heavy vehicles
are affected more than passenger cars.

Recreational traffic and commuter traffic do not have
the same characteristics, and capacities for recreational
traffic can be up to 20 percent lower than for commuter
traffic on the same highway. Driver population does not
affect free-flow speeds, however.

Level of Service

Density is the primary performance measure used to
define LOS for multilane highways. Mean passenger
car speed and v/c ratio are also used to describe the
operational performance of a highway.

Exhibit 21-2 of the HCM shows the density values for
each LOS for multilane highways. The HCM contains
descriptions of the characteristics of each LOS and also
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provides detail on the average speed, maximum v/c
ratio, and maximum service flow rate used to describe
the various levels of service. The HCM defines driver
population factors to use to account for this effect.
Data Needs

Data needed for analysis of multilane highways
includes:

» Number of lanes

» Lane width

» Lateral clearance

» Presence of median

» Access point density

» Specific grade or general terrain

» Base free-flow speed

» Length of analysis period

» Peak hour factor

» Percent heavy vehicles

» Driver population factor

These values should be measured in the field whenever

possible. The HCM provides default values for several
of these values if field measurements are not feasible.

Two-Lane Highways

Two-lane highways are found in various geographic
settings and serve a wide range of functions and
traffic volumes. For analysis purposes, two-lane
highways are divided into two categories:

» Class —High-speed major intercity routes,
primary arterials connecting major traffic
generators, commuter routes, or primary links
in state or national highway networks. They
often serve long distance trips or provide links
between facilities that do so.

» Class II—Lower speed two-lane highways
that provide access to Class I facilities, serve
recreational or scenic routes, or pass through
rugged terrain. These highways are generally not
used for long distance travel.
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Traffic Flow

A two-lane highway provides one lane for each
direction of travel. In order for a driver to pass a
slower-moving vehicle, he must use the opposing
lane to do so. The ability to do this is limited by sight
distance and gaps in opposing traffic. Procedures

for analyzing two-lane highway capacity includes
consideration of factors such as:

» Lane width

» Shoulder width (clearance to lateral obstructions)
» Presence of passing zones and lanes

» Vehicle mix

» Traffic control

» Turning vehicles

» Terrain

» Directional split of traffic

Both directions of travel can be analyzed at the

same time, or each direction can be analyzed
separately. Evaluating individual directions of travel
is appropriate in situations where the operational
performance will differ significantly, such as on steep
grades and on segments with passing lanes.

Level of Service

Percent time-spent-following and average travel
speed are the primary performance measures used
to evaluate LOS on Class I highways. On Class II
highways, only percent time-spent-following is used.
Exhibits 20-2 and 20-4 of the HCM 2000 show LOS
criteria for Class I and Class I two-lane highways,
respectively.

Data Needs

To evaluate the operational performance of two-lane
highways, the following data are needed:

» Highway class

» Lane width

» Shoulder width (clearance to lateral obstructions)
» Access-point density

» Specific grade or general terrain

» Percent no-passing

» Base free-flow speed

» Length of passing lane

» Analysis period

» Peak hour factor (use HCM default values if
detailed traffic data are unavailable)

» Directional split

» Percent heavy vehicles

Field measurements should be used whenever
possible, but the HCM provides some default values
for when this is not feasible.

6.5.5 Freeway Concepts

Freeways provide uninterrupted flow, full access
control, and physical separation between opposing
directions of travel through raised barriers or
medians or an at-grade median. Operations on a
freeway are affected by interaction among vehicles,
geometric design, and environmental conditions.
The elements of freeway systems are different enough
in nature that they are evaluated individually. The
following sections explain the concepts of basic
freeway segments, weaving sections, and ramps and
ramp junctions.

Basic Freeway Segments

Basic freeway segments are outside the influence
areas of ramps or weaving areas. Analysis is
performed on segments with consistent prevailing
conditions. Should conditions change along a
freeway segment, another basic segment should be
defined for analysis purposes.

Traffic Flow

Capacity of basic freeway segments is affected by the
following traffic and roadway characteristics:

» Vehicle types

» Driver populations

» Lane width

» Number of lanes

» Right shoulder lateral clearance

» Interchange spacing
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» Vertical alignment

» Lane configurations

Traffic flow on basic freeway segments can vary
greatly, as it is affected by upstream and downstream
bottlenecks. Bottlenecks can be fixed or recurring
sources of disruption to traffic flow or temporary
incidents. Sources of bottlenecks include the
following:

» Ramp merges

» Weaving segments

» Lane drops

» Maintenance operations
» Construction activities

» Accidents

Three types of flow can be experienced on basic
freeway segments:

Undersaturated Flow

When traffic flow is unaffected by upstream

or downstream conditions, it is said to be
undersaturated. Speeds are generally in the range of
55 to 75 mph at low flow rates, and 45 to 60 mph at
high flow rates.

Queue Discharge Flow

Queue discharge flow occurs just downstream of a
bottleneck where vehicles are accelerating back to free-
flow speed. Flow is relatively stable unless it is affected
by another bottleneck downstream. Speeds range from
35 mph up to free-flow speed. Flow rates are between
2,000 and 2,300 pc/hr/lane. Typically;, queue discharge
flow rates are about 5 percent less than the flow rate just
before breakdown at the bottleneck.

Oversaturated Flow

Traffic flow influenced by a downstream bottleneck
is oversaturated. A wide range of flows and speeds
are possible in the congested area just upstream of

a bottleneck. Queues can extend several thousand
feet back from the bottleneck, but they are not static.
Vehicles move through the queue, although periods
of both movement and stopping are experienced.
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Level of Service

The primary performance measure used to estimate
an LOS for basic freeway segments is density. Speed
and v/c ratio can also be used to characterize quality
of service. The HCM contains descriptions of the
various levels. Exhibit 23-2 of the HCM 2000 shows
the LOS criteria for basic freeway segments.

Data Needs

To evaluate basic freeway segments, the following
data are needed:

» Number of lanes

» Lane width

» Lateral clearance

» Interchange density

» Specific grade or general terrain
» Base free-flow speed

» Length of analysis period

» Peak hour factor

» Percent heavy vehicles

» Driver population factor

If these values are not available through field
measurements, the HCM provides default values.

Freeway Weaving

Freeway weaving segments occur when two or more
traffic streams in the same direction cross without the
aid of traffic control other than signs. A diverge area
just downstream of a merge area creates a weaving
segment, as does an on-ramp joined to a downstream
off-ramp by an auxiliary lane. Significant numbers

of vehicles must change lanes in order to access

their desired path. The LOS of a weaving section is a
function of the type of weaving, number of vehicles
making each maneuver, and the length of roadway

in which to complete the weave. Exhibit 6-7 shows
undesirable traffic operations in a weaving segment.

Traffic Flow

More turbulence can be experienced by traffic on
weaving segments than on basic freeway segments
because of the lane changes necessary to access the
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appropriate travel paths. The geometric design of the
weaving segment affects the number of lane changes
needed to complete a maneuver. The configuration of
a weaving area affects both weaving and nonweaving
vehicles. The ability of weaving vehicles to use outer
lanes of the segment is limited since they must use
the lanes adjacent to the crown line, the lane line that
separates the main movements. The less lane changes
that a configuration requires, the more flexible is the
lane use.

Weaving Length

The space and time within which a driver can execute
necessary lane changes is limited by the length of the
weaving area. Intensity of lane changes and turbulence
increases with decreasing weaving length. HCM
procedures generally apply to weaving sections up

to 2,500 feet in length. Weaving may occur in longer
sections, but merging and diverging movements

often are separated, with lane-changing tending to
concentrate near merge and diverge gore areas.

Weaving Width

The number of lanes between the entry and exit gore
areas of a weaving segment influences operation

of the segment. As the number increases, capacity
increases along with the opportunities for lane

changes, whether they are necessary to follow a travel
path or discretionary.

Type of Operation

The proportion of weaving and nonweaving vehicles
using each lane is more important to operations of a
weaving area than the number of lanes. Some vehicles
are segregated: weaving vehicles will tend to use the
lanes involved in the crossing flows, and nonweaving
vehicles will use the lanes outside this area. In
general, however, weaving and nonweaving vehicles
compete for space, and the lanes will tend to reach an
equilibrium in which all drivers experience the same
conditions. The configuration of the lanes limits the
number of lanes weaving vehicles can use. Further
details on these limitations are described in the HCM.

Level of Service

Density is the performance measure used to describe
LOS for freeway weaving segments. One LOS

value is used for the segment, but it is possible that
nonweaving vehicles using lanes outside the weaving
area may experience better operational performance.
The densities for each LOS are slightly higher than
for basic freeway segments, since drivers expect and
will accept higher densities on weaving segments.
The boundary between LOS E and LOS F does not

Exhibit 6-7
Why Weaving is Undesirable

Weaving occurs when:

* Entering traffic crosses paths with existing traffic

* There is a limited distance for merging
Weaving can:

* Create safety and capacity problems

e Cause problems due to speed differences
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follow this approach, however, since it is believed
that breakdown occurs at lower densities than for
basic segments. Exhibit 24-3 of the HCM shows the
LOS criteria for freeway weaving segments.

The HCM describes methodologies for analyzing
weaving segments on multilane highways and
collector-distributor roads, as well.

Data Needs

Data needed for the operational analysis of a weaving
section include:

» Freeway free-flow speed
»  Weaving number of lanes
»  Weaving segment length
» Terrain

» Weaving configuration

» Weaving flow rate, nonweaving flow rate, and
total flow rate in weaving section

» Peak hour factor
» Vehicle mix

» Driver population factor

Ramps and Ramp Junctions

Ramps are designed to provide smooth merge and
diverge maneuvers. A ramp may consist of a ramp-
freeway junction, a ramp roadway, and a ramp-street
junction. Ramp-street junctions would be replaced
by another ramp-freeway junction where two
freeways are joined by the ramp. The ramp-freeway
junction allows for high speed merges or diverges,
and the geometric characteristics, free-flow speed

of the ramp at the junction, and sight distance all
influence ramp operations. Ramp roadways generally
do not have operational problems unless an incident
on the ramp affects operations. Ramp roadways can
be affected by bottlenecks on freeways and by queues
at ramp-street junctions. The potential for queuing
at ramp-street junctions causes these intersections

to be critical elements in the freeway system. Under
extreme conditions, queues could extend into the
ramp-freeway junction and the freeway mainline.
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Traffic Flow

Upstream freeway mainline traffic and entering
on-ramp traffic compete for space in a merge area.
Merging vehicles create turbulence in the mainline
stream, and often mainline vehicles move toward the
left to avoid this. The operational effect of merging
vehicles is heaviest in the two right lanes and in the
acceleration lane for 1,500 feet from the merge point.
At diverge areas, mainline vehicles also move to the
left to avoid turbulence created by diverging vehicles
moving to the right. The influence area of a diverge
area extends 1,500 feet upstream of the diverge point.

The operation of ramp junctions is affected by the
same roadway, vehicle, and driver characteristics as a
basic freeway segment, and also the following factors:

»  Length of acceleration/deceleration lane—Shorter
acceleration and deceleration lanes give on-ramp
drivers less space to change speeds as needed, and
more acceleration or deceleration must occur on
the mainline, disrupting through vehicles. Short
acceleration lanes force drivers to slow or even
stop while waiting for a gap in the through stream.

» Ramp free-flow speed—The free-flow speed on
the ramp determines the speed at which merging
vehicles enter the acceleration lane and diverging
vehicles enter the ramp. This speed determines
the amount of acceleration or deceleration that
must take place.

»  Lane distribution—As freeway conditions
upstream of the merge or diverge point force
more mainline vehicles to use the right-most
lanes, merging and diverging maneuvers become
more difficult.

Merge and diverge maneuvers influence operations at
the ramp-freeway junction by adding or subtracting
demand, but do not restrict the total capacity of the
upstream or downstream basic freeway segments.
The capacity of a basic freeway segment downstream
of a merge area is the same as if the merge area

was not present. The total number of through and
merging vehicles that can be accommodated at a
merge area is the capacity of the downstream basic
freeway segment. Similarly, the capacity of the
upstream basic freeway segment limits the capacity of
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a diverge area. The total capacity of an off-ramp and
the mainline can also limit the capacity of a diverge
area. Breakdown at diverge areas is usually caused by
a limited capacity on the off-ramp.

Level of Service

Density is used to define LOS for merge and diverge
areas. Exhibit 25-4 of the HCM shows the LOS
criteria for ramp junction areas.

Data Needs

Data needed for the analysis of ramp junctions
include the following:

» Number of ramp lanes

» Length of acceleration or deceleration lanes
» Ramp free-flow speed

» Length of analysis period

» Peak hour factor

» Demand volume

» Percent heavy vehicles

» Driver population factor

If this information is not available through field
measurements, the HCM provides default values.

6.5.6 Transit Concepts

Transit differs from automobile travel in that it is
available only in certain locations and at certain
times. Transit capacity is limited by the number
of transit vehicles in use, the size of the vehicles,
and how often the vehicles operate. Both people
and vehicles are considered in transit capacity.
Person capacity is calculated for transit stops and
to determine maximum load points of a route or
bus lane. Vehicle capacity of loading areas, stops
and stations, and bus lanes limits the number of
passengers that can use a stop or that may be carried
past the maximum load point.

Bus

Bus services can be either fixed route, operating on
set routes and schedules, or demand responsive,
responding to requests for transportation. Demand

responsive service is less common than fixed route.
Concepts related to capacity of fixed route systems
are discussed below.

Loading Areas

A loading area is a space for buses to pick up and
unload passengers. A linear bus stop along a street
curb is a common loading area. Buses either stop in
the travel lane or in a pullout so that following buses
may pass the stopped bus. Loading area capacity

is determined by dwell time (the time required to
serve passengers at the busiest door, plus the time to
open and close the doors), dwell-time variability, and
clearance time. Dwell-time variability is used since
buses do not stop for the same amount of time each
stop because passenger demand varies. Clearance
time is the time between the closing of the bus doors
and the departure of the bus. The loading area is not
available for use by the following bus during this time.

Bus Stops

More than one bus can load and unload passengers

at bus stops, which have multiple loading areas. The
capacity of a bus stop is related to the capacity of
individual loading areas, design of the loading areas,
and the number of loading areas. Bus terminals and
transfer centers are off-street bus stops that have
additional factors affecting capacity, such as schedule
recovery times, driver relief times, and layover times.
On-street bus stops can be located on the near or far
side of an intersection or mid-block. The location of
on-street bus stops affects the passenger car capacity
as well as the bus route capacity. Farside stops have
the least effect on capacity if buses can use an adjacent
lane to avoid right-turn queues. Nearside stops have
the greatest effect on capacity when passenger cars can
turn right from the curb lane, which the buses use for
unloading and loading passengers.

Bus Lanes

A bus lane is any lane that buses use. It may be
reserved for buses only or may allow use by other
vehicles. Capacity is affected by the capacity of the
critical bus stop in the lane, bus lane type (whether
buses are allowed to use the adjacent lane to pass
other buses), whether buses stop at every bus stop,
bus platooning, and bus stop location.
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Level of Service

Bus system quality of service is measured by
availability, comfort, and convenience. Availability
measures include:

» Service frequency at transit stops

» Accessibility at transit stops

» Passenger loads

» Route segment hours of service

» Route segment accessibility

» Comfort and convenience measures include:
» Passenger loads at transit stops

» Amenities such as shelters, benches, information
signs, trash receptacles

» Route segment reliability

» Route segment travel speed

The HCM provides tables of LOS criteria for bus
service based on many of these measures.

Light Rail and Streetcar

Light rail systems can operate either separated from
other traffic or with road vehicles. Streetcars operate
only on city streets. The capacity of a rail line is
determined by the capacity of stations or travel ways,
whichever is smaller. Capacity depends on car size,
station length, allowable standees, and the minimum
spacing between trains. Quality of service of light
rail and streetcar systems is measured in the same
way bus systems are measured. The performance
measures for availability, comfort, and convenience of
bus systems also apply to light rail and streetcars.

6.5.7 Simulation Tools

Simulation tools are often used in highway capacity
analysis. HCM methodologies generally focus on
individual network elements and assess the LOS
provided by a particular facility. The HCM methods
represent traffic flows with variables that reflect

flow dynamics but do not represent movements

of individual vehicles. Traffic simulation models
describe how traffic behaves over extended periods of
time on a facility or system, by tracking events as the
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system proceeds through time. Simulation models
can incorporate demand-supply analysis, capacity
analysis, car-following theory, shock wave analysis
and queuing theory. In addition to other advantages,
simulation models can vary demand over time and
space and can evaluate interacting queues.

Application of Traffic Analysis Models

Traffic operational analysis can be performed

with varying degree of detail, at macroscopic and
microscopic levels. Macroscopic traffic analysis is
used for planning efforts that can be evaluated with
one or two measures of effectiveness, such as LOS
and signal timing etc. Macroscopic traffic analysis
tools include HCS, SYNCHRO, and TRANSYT-7E
Traffic simulation tools come under the microscopic
traffic evaluation methodologies. Traffic simulation
analyses are used for detailed project level (corridors
and intersections) analysis, whereby decisions are
based on multiple measures of effectiveness such

as LOS, signal timings, intersection performance,
queues, congestion, and travel time. Traffic
simulation tools that can be used for analysis include
CORSIM, VISSIM, SIMTRAFFIC, and PARAMICS.

» Highway Capacity Software (HCS)—the FHWA
traffic analysis software that follows HCM
procedures. HCS can be used for system wide
planning analysis for freeways, intersections and
arterials. The level of detail is limited and can be
used at isolated intersections for fixed time periods.

» SYNCHRO—a software program that follows
HCM procedures and is a complete software
package for modeling and optimizing traffic
signal timings. It is designed specifically for
evaluating intersections.

» CORSIM—the FHWA microscopic model
that can be used to evaluate freeways, surface
streets, and integrated networks that include all
traffic control types, such as traffic signals, stop
and yield signs, and ramp metering. CORSIM
typically is used for detailed traffic on freeway
corridor projects. It has two components:
— NETSIM is used for modeling surface streets.

— FRESIM is used for modeling freeways.
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»  VISSIM—a microscopic model that can be used
to evaluate integrated networks that include
all facility types. VISSIM is used typically for
detailed traffic analysis for small networks due
to its intensive data input requirements. VISSIM
has animation and 3D capabilities for display and
presentation purposes.

6.6 Level of Service

A measure expressing the existing quality of service
of a transportation facility is required to establish
need for a project as well as to assess the benefits to
be derived by improvement. Determination of LOS
is often a key factor in describing a project’s purpose
and need and in evaluating alternative transportation
improvements. LOS typically is discussed in the
purpose and need section of a NEPA document, and
in the various sections of an interchange justification
report if one is prepared for a project.

LOS is a qualitative rating of a facility’s operational
conditions that is used to describe the facility’s
performance. Because different types of transportation
facilities (freeways, unsignalized intersections, bus
stops) have different operational characteristics, LOS

is defined separately for each type. (See Section 6.5

for more detail.) This section provides an overview of
concepts related to capacity and LOS, factors that affect
LOS, and performance measures used to determine LOS
for various facility types.

Operational analyses allow the identification of
problems, analysis of alternative solutions, and
evaluation of improvements made to facilities. Field
observations and calculated performance measures
allow the traffic operations analyst to compare an
existing facility to proposed improvements and to
evaluate the effectiveness of a chosen alternative.
Levels of service have been given letter designations
A to F (similar to school grades) with A representing
the most favorable conditions and F very poor
conditions. This nomenclature has proven to be
especially useful in communicating the operational
performance of existing and proposed facilities for
decisionmakers or representatives of the public

who may not have the technical background to
understand the details of the performance measures.

6.6.1 Capacity

As defined by the HCM, capacity is a flow rate that
is the "maximum hourly rate at which persons or
vehicles reasonably can be expected to traverse a
point or a uniform section of a lane or roadway
during a given time period under prevailing roadway,
traffic, and control conditions.” Procedures for
determining capacity assume standard, or base
conditions for the roadway. Therefore, for a facility
where conditions vary from the base conditions,

the capacity estimated by the procedures is affected.
Roadway, traffic, and traffic control conditions and
intelligent transportation system technologies can all
affect capacity on the facility. The v/c ratio also varies
with LOS criteria, terrain type and other factors.

Capacity of both vehicles and persons can be
determined for facilities. The facility type and type
of analysis will determine the most appropriate
measure of capacity. Vehicles per hour, passenger cars
per hour, and persons per hour are measures of the
capacity. Vehicle capacity is the number of vehicles
passing a certain point in a given period under
prevailing conditions. Person capacity is a value used
in analysis of transit and high-occupancy vehicle
facilities, as well as in determining mode types
appropriate for heavily traveled corridors.

Uninterrupted Flow Facilities

Uninterrupted flow facilities are those that do not
have fixed causes of delay or interruption to the
traffic stream, such as traffic signals or stop signs.
Freeways (including ramps) and rural two-lane
highways and multilane highways fall into this
category. Capacity is measured on a per-lane basis:
in passenger cars per hour per lane on uninterrupted
multilane facilities and passenger cars per hour on
two-lane rural highways.

Interrupted Flow Facilities

Interrupted flow facilities include urban arterials,
signalized and unsignalized intersections, and transit,
pedestrian, and bicycle facilities.
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Capacity of intersections is presented in units of
vehicles per hour. For signalized intersections, capacity
is defined for each lane group. A lane group is a set
of lanes for which separate capacity and LOS analyses
are performed. The capacity of two-way stop-
controlled and all-way stop-controlled intersections
is determined for each movement.

Capacity is measured in persons per minute per foot
for pedestrian facilities and bicycles per hour per lane
for bicycle facilities. Capacity of transit systems can
be defined in terms of both persons and vehicles.

6.6.2 Quality and Level of Service

LOS is a measure used to describe the conditions of
the traffic stream, or the quality of service provided by
a transportation facility. Six LOS ranges are defined,
and facilities are assigned one of the six levels based on
service measures such as speed, travel time, freedom
to maneuver, traffic interruptions, and comfort and
convenience. LOS A represents the highest quality of
service, whereas LOS F is characterized by unstable
flows or high delays. Each LOS is assigned a service
flow rate and other performance measures. The analyst
uses these values to determine the LOS of an existing
or proposed facility, or to determine the operational
conditions needed to provide a given LOS for
proposed improvements. A range of these measures is
used to define each LOS.

The six LOSs are defined as follows:™
A Free-flow, with low volumes and high speeds

B Reasonably free flow, but speeds begin to be
restricted by traffic conditions.

C In stable flow zone, but most drivers are
restricted in freedom to select their own speed

D Approaching unstable flow; drivers have little
freedom to maneuver

E Unstable flow, may be short stoppages

F  Failure

10 AASHTO, Geometric Design of Highways and Streets.
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Service Flow Rates

The HCM defines service flow rate as “the maximum
hourly rate at which persons or vehicles can be
reasonably expected to traverse a point or uniform
segment of a lane or roadway during a given period
under prevailing roadway, traffic, and traffic control
conditions while maintaining a designated level of
service.” Service flow rates are based on a 15-minute
period, and the hourly service flow rate is four times
the peak 15-minute volume. In design or planning
efforts, the service flow rates for LOS C or D are
typically used as the level of acceptable operating
service from the perspective of users.

Performance Measures

Performance measures are calculated for use in
describing the operation of a roadway given a set of
roadway, traffic, and control conditions. Volume, or
traffic flow, is a performance measure used for both
uninterrupted and interrupted flow facilities. Spacing
and headway, which are related to flow, are also used.
The following performance measures may also be
used, depending on the facility type:

» Multilane highways: speed, density, volume to
capacity (v/c) ratio

» Two-lane highways: percent time spent following,
average travel speed (Class I highways only,
which are high speed roadways)

» Freeways: speed, density, v/c ratio
» Urban streets: average travel speed

» Signalized intersections: saturation flow
rate, control delay, critical v/c ratio, average
queue length

» Two-way stop controlled intersections: control
delay, delay to major street through vehicles,
queue length, v/c ratio

» All-way stop-controlled intersections: average
control delay

» Pedestrian facilities: space per pedestrian,
walking speed

» Bicycle facilities: hindrance (uninterrupted flow),
delay and average travel speed (interrupted flow)
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» Transit facilities: vehicle speed, delay
(drivers’ perspective), availability, comfort,
and convenience (passenger perspective),
economic and productivity measures (operating
agency’s perspective)

Each facility type has one performance measure
that is used to determine LOS. This is referred to as
the service measure or the measure of effectiveness
for a facility type. The performance measure that
determines LOS for each facility type is discussed
in Section 6.3, Crash Data Analysis (Tools

and Techniques).

6.6.3 Factors Affecting Capacity and
Level of Service

Capacity and LOS are affected by various geometric,
traffic, and traffic control factors. Base conditions
determine the best possible capacity for a roadway,
and the prevailing conditions of the facility affect
the performance measures or the capacity. LOS

and capacity are also affected by access control.
lowa DOT’ Access Management Handbook offers
guidance on implementation of an effective access
control policy.

Prevailing conditions generally vary from base
conditions, and the calculations of performance
measures such as capacity, service flow rate, and LOS
must account for these differences. The following
sections discuss base conditions and prevailing
conditions for roadway, traffic, and control factors.

Base Conditions

Base conditions are defined for each facility type. The
base geometric, traffic, and control characteristics result
in the best possible capacity for a given facility type.
These are ideal conditions for the facility. Therefore,
changes to the base conditions (such as widening
lanes) would not increase the facility’s “base” capacity.

Base conditions vary by facility type. For
uninterrupted flow roadways, base conditions include:

» 12-foot lanes

» O-foot clearance between the edge of the travel

way and obstructions on the roadside
» Free flow speed of 60 mph (multilane highways)
» Passenger cars only
» Level terrain
» No no-passing zones (two-lane highways)

» No interference from turning vehicles
Base conditions on intersection approaches include:

» 12-foot lanes

» Level grade

» No on-street parking on the approaches
» Passenger cars only

» No transit bus stops in the travel lanes
» Noncentral business district

» No pedestrians

Roadway Conditions

As prevailing conditions of a facility under analysis
generally will not match base conditions, it is necessary
to account for such differences in computations.
Roadway conditions such as number and width of
lanes, horizontal and vertical alignments, and presence
of turn lanes, affect the capacity of the facility or the
performance measures used to describe it.

Number of Lanes

Capacity clearly is affected by the number of

lanes, and additional lanes also provide increased
maneuverability. Additional lanes available for
maneuvering around slower moving or turning
vehicles allow for a higher average speed on freeways
and multilane highways.

Type of Facility and Environment

The classification of a roadway and the amount of
development along the roadway affect operating
conditions. Higher functional class roadways are
designed to provide more mobility and less access
than lower class facilities. The development along a
roadway will increase turning movements at access
points and increase visual distraction for drivers. Both
issues reduce travel speeds and capacity of the facility.
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Access Control

Access controls to limit separate conflict points along
the roadway play an important role in preserving
highway capacity, reducing crashes, and avoiding or
minimizing costly remedial roadway improvements.”
Effective access management is a key to improving
safety. The number of access points, coupled with the
speed differential between vehicles traveling along the
roadway and vehicles using driveways, contributes to
rear-end crashes. The access control policy in force
also affects the need for protected turning lanes to
reduce conflicts between through traffic and vehicles
that require access to adjacent sites.

Lane Widths

Typical lane width is 12 feet. Narrower lanes, which
result in less lateral distance between vehicles, can
result in lower speeds and capacities.

Shoulder Widths and Lateral Clearances

Objects such as sign posts, utility poles, and curbs,
affect vehicle speeds by their proximity to the edge
of the travel way. Under base roadway conditions, it
is assumed that objects are far enough from the edge
of the travel way that speeds are not affected (at least
6 feet).

Design Speed

Design speed is used to choose horizontal and
vertical geometric elements. These elements will
limit the speeds at which drivers feel comfortable
traveling. Individual geometric elements that have
significantly lower design speeds than adjacent
elements will have a negative operational (and
potentially safety) impact on drivers, who may not be
expecting the need to decelerate.

Horizontal and Vertical Alignments

Design speed affects the design of horizontal and
vertical alignments, as does terrain. More severe
terrain generally reduces capacity and service flow
rates, since the operational abilities of vehicles might
be limited. Heavy vehicles, especially, might operate
at much lower speeds on steep upgrades. Passenger
cars and other vehicles for which speeds are not
limited by grades also travel slower on parts of the

"lowa Access Management Handbook.

CHAPTER 6

roadways where passing opportunities are limited.
Steep grades also affect operations at intersections,
since starting from a stopped position on an incline is
more difficult than on flatter grades.

Presence of Turn Lanes

High numbers of turning vehicles affect capacity
if space is unavailable outside the through lanes to
decelerate before turning.

Additional roadway conditions are listed in the HCM.

Traffic Conditions

Traffic conditions affect capacity and LOS since the
base traffic condition for a facility only contains
passenger cars. A mix of vehicle types will cause
operations to deteriorate, since in some geometric
situations larger vehicles are unable to keep pace
with passenger cars. This leads to gaps forming in the
traffic stream, which is an inefficient use of roadway
space. In addition, larger vehicles occupy more

space on the roadway, resulting in a lower number of
vehicles on a section of roadway.

Lane and directional distribution of the traffic also
affect capacity, service flow rates, and LOS. On
multilane facilities, less traffic tends to travel in

the shoulder lanes than in other lanes. The ideal
directional distribution on a two-lane rural highway
is an equal amount of traffic between the two lanes.
As flow becomes unbalanced, capacity decreases.
Facilities are generally designed for the peak flow
rate in the peak direction; therefore, capacity analysis
procedures for multilane facilities evaluate one
direction of travel only.

Intersection Control and Access Conditions

Capacity is also affected by the type of traffic control
and the level of access control. At intersections, control
type used significantly affects capacity. For signalized
intersections, signal phasing, allocation of green time,
cycle length, and adjacent control types play a large
role in determining capacity by determining when

and for what length of time vehicles are able to move
through the intersection. At TWSC intersections,

the operation of the minor street depends on the
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conditions of the major street. Capacity of AWSC
intersections can vary greatly, depending on the
amount of traffic on each approach. Intersection
capacity is also affected by proximity of driveways
within the influence area of the intersection.

Capacity of both interrupted and uninterrupted flow
facilities depends on other traffic control measures,
such as on-street parking, turn restrictions at
intersections and driveways, lane use controls, and
one-way street routings.

6.6.4 Additional References

This section provides a brief overview of the concepts
of LOS and capacity. For additional details on this
topic, refer to the materials listed below.

Institute of Transportation Engineers. 1999. Traffic
Engineering Handbook. Washington DC.

Transportation Research Board. 2000. Highway
Capacity Manual. Washington DC: TRB, National
Research Council.

6.7 Operational Features of Freeways
and Interchanges

6.7.1 Introduction

The assessment of operational features, such as

LOS and safety, is described above. The following
operational features of freeways and interchanges also
are subject to assessment:

» Lane and route continuity

» Lane balance

» Ramp sequence and spacing

» Signing

6.7.2 Route and Lane Continuity

Route continuity refers to provision of a directional path
along and throughout the length of a designated route.
The designation pertains to a route number or name of
a major highway. Route continuity is an extension of

the principle of operational uniformity coupled with
the application of proper lane balance and the principle
of maintaining a basic number of lanes. It is best if the
driver, especially an unfamiliar driver, has a continuous
through route on which lane changing is not necessary
to continue on the through route.”

Where two or more routes follow a single alignment
within a corridor, they are referred to as “overlapping
routes.” When routes overlap, signing is more
complicated, and the decision process for the driver
is more demanding.

The provision of route continuity through overlapping
sections is important. A priority must be established
giving one route precedence. All other factors being
equal, priority should be assigned to the route that
handles the highest volume of through traffic. Once
priority for one of the overlapping roadways has

been established, basic lanes, lane balance and other
principles of interchange design can be applied to the
design of the overlapping section. The lower classified
facility should enter and exit on the right, thus
conforming to the concept of route continuity. "

Lane continuity, which relates to route continuity
and involves “basic lanes” and lane balance, has been
recognized as a key ingredient in safe and efficient
operation (FHWA, Dynamic Design for Highway
Safety). Some old freeways in urban areas were
designed without a continuous or through lane. This
requires considerable and unnecessary lane changing,
which creates vehicle conflicts, reduces capacity, and
increases crash potential.

6.7.3 Lane Balance

Fundamental to establishing the number and
arrangement of lanes on a freeway is the designation
of the basic number of lanes. A certain consistency
should be maintained in the number of lanes
provided along any arterial route. The basic number
of lanes is the minimum number of lanes designated
and maintained over a significant length of a route,
irrespective of changes in traffic volume and lane-

12 AASHTO Green Book—Policy on Geometric Design of Streets and Highways.
Washington DC. 2004,

19 AASHTO Green Book—Policy on Geometric Design of Streets and Highways.
Washington DC. 2004
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balance needs. Stated another way, the basic number
of lanes is a constant number of lanes assigned to a
route, exclusive of auxiliary lanes.™

To realize efficient traffic operation through and
beyond an interchange, there should be a balance in
the number of traffic lanes on the freeway and ramps.
Lane balance at freeway exits and entrances enhances
operational efficiency and flexibility. In the past,
facilities rarely were designed with lane balance. Lane
balance requirements are as follows:'

at freeway entrances: Nc = Nf+ Ne - 1 or N¢ =
Nf+Ne

at freeway exits: Nc = Nf + Ne - 1
where:

Nc = number of lanes for combined flow beyond an
entrance or in advance of an exit.

Nf = number of lanes on freeway upstream of an
entrance or downstream of an exit.

Ne = number of lanes on the entrance or the exit.
At exits, this relation provides an “extra lane going
away,” an optional lane in which the driver may
proceed on the freeway or on the ramp.

Lane balance at entrances and exits is mandatory

in order to achieve smooth operation, reduce lane
changes to a minimum, and clarify the paths to be
followed. At exits, it is significant that there is always
“one more lane going away” and that there is not

more than one lane drop at a time. Lane drops, where

required, generally apply to auxiliary lanes only.

Lane reductions should not be made between

and within interchanges simply to accommodate
variations in traffic volume. Instead, auxiliary lanes
are added or removed from the basic number of
lanes as needed. A reduction in the basic number of
lanes may be made beyond a principal interchange
involving a major fork or at a point downstream from
an interchange with another freeway, but not so far
downstream that motorists become accustomed to a
number of lanes and are surprised by the reduction.

1+ AASHTO Green Book—Policy on Geometric Design of Streets and Highways.
Washington DC. 2004

190, P. Leisch. June 1977, “Systems Approach to Long-Range Freeway Rehabilitation.”
Presentation at AASHTO Subcommittee on Design Meeting, Hilton Head, SC.
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6.7.4 Interchange Spacing and
Ramp Sequence

Spacing of interchanges has a pronounced effect on
the operation of freeways. In areas of concentrated
urban development, proper spacing is usually
difficult to attain because of traffic demand for
frequent access. Minimum spacing of arterial
interchanges (distance between intersecting streets
with ramps) is determined by weaving volumes,
ability to sign, signal progression, and required
lengths of speed change lanes. A generalized rule of
thumb for minimum interchange spacing is 1 mile
in urban areas and 2 miles in rural areas. In urban
areas, spacing of less than 1 mile may be developed
by grade-separated ramps or by adding collector-
distributor roads.

Ramp sequence also is an important operational
feature. If a series of interchanges is being designed,
attention must be given to the group as well as to
each individual interchange. Interchange uniformity
and route continuity are interrelated concepts, and
both can be obtained under ideal conditions. It is
desirable to provide uniformity in exit and entrance
patterns. A dissimilar arrangement of exits between
successive interchanges causes confusion, resulting in
slowing down on high-speed lanes and unexpected
maneuvers. The difficulty of left-entrance merging
with high-speed through traffic and the requisite
lane-changing for left-exit ramps make these layouts
undesirable. Except in special cases, all entrance
and exit ramps should be on the right. To the extent
practicable, all interchanges along a freeway should
be reasonably uniform in geometric layout and
general appearance.'’

6.7.5 Signing

Ease of operation at interchanges (clarity of paths to
be followed), safety, and efficiency depend largely
on relative spacing, geometric layout and effective
signing. The locations of and minimum distances

16 AASHTO Green Book—Policy on Geometric Design of Streets and Highways.
Washington DC. 2004,

1" AASHTO Green Book—Policy on Geometric Design of Streets and Highways.
Washington DC. 2004; J. P. Leisch. June 1977, “Systems Approach to Long-Range
Freeway Rehabilitation.” Presentation at AASHTO Subcommittee on Design Meeting,
Hilton Head, SC.
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between ramp junctions depend to a large degree on
whether effective signing can be provided to inform,
warn, and control drivers. Location and design of
interchanges, individually and as a group, should be
tested for proper signing.' Signs should conform to
the Manual on Uniform Traffic Control Devices.

6.8 Documentation

Documentation is an important aspect of a project
because it provides information required to support
and record project decisions. Documentation should
be developed through the course of the project study
process, and generally serves the following purposes:

» Builds understanding and agreement of required
project analyses and methodologies

» Provides project decisionmakers with relevant
data to make technical decisions, allowing the
project development process to move forward in
a linear manner

» Provides a clear record of project analyses and
rationale for project decisions

» Serves as the basis for development of location
reports and feasibility reports and aids in the
development of environmental documentation

6.8.1 Existing Conditions Report

The Existing Conditions Report provides a
comprehensive performance summary of the
transportation system in the study area. The analyses
of existing facilities should identify the nature, extent,
and causes of transportation issues in the project
study area. Although specific performance analysis
requirements will vary somewhat based on project
location and complexity, the following performance
issues are typically evaluated and summarized in the
Existing Conditions Report:

» Travel performance (existing and projected
design year performance) for the existing system

» Crash analysis and safety performance

» Infrastructure condition

» Geometric performance

16 AASHTO Green Book—Policy on Geometric Design of Streets and Highways.
Washington DC. 2004,

The report should be prepared in a manner that relates
performance issues to one another (i.e., potential
safety issues related to undesirable geometry or

traffic capacity). Relevant information from technical
memorandums that previously developed for
individual performance issues (e.g., crash analyses)
should be incorporated and summarized in the report.

The Existing Conditions Report serves as the basis
for several important building blocks for the location
study process. It provides information on system
performance required to support development of the
project purpose and need. The report also serves as
a guide to identifying the character and location of
improvement alternatives to be considered.

Exhibits and tables may be included in the Existing
Conditions Report. The report should at least include a
location map, exhibits depicting the general orientation
and layout of the facility on an aerial photo, and tables
and graphs summarizing performance characteristics
(e.g., geometric deficiencies by type and location, crash
summaries by type and location). For complex projects
such as urban freeway corridors, it may be helpful

to prepare a comprehensive exhibit that helps the
reviewer to understand the interrelationship between
safety, geometric, and travel performance issues along
the corridor.

The Existing Conditions Report is one of earliest
major project deliverables. It is prepared at the
conclusion of the existing conditions analysis
process. The draft report should be reviewed by

the Project Manager and PMT. Following review,
comments from the Project Manager and PMT should
be addressed in the final report.

6.8.2 Technical Memorandums

Technical memorandums should be prepared in

a manner that gives readers and reviewers with a
comprehensive understanding of the issue at hand.
The content should provide information regarding
analysis context, methodology and assumptions,
findings, and conclusions and recommendations.
Typically, technical memorandums will include the
following sections:
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» Introduction, providing background
project information required to provide the
reader with an understanding of the issue
under consideration

» Methodology and Assumptions, describing
analysis methods, tools, procedures,
and assumptions

» Analysis Findings, describing analysis results

» Conclusions and Recommendations,
summarizing key study findings and
decision recommendations

Technical memorandums typically are reviewed by
the Project Manager, with PMT review and input
as appropriate. Technical memorandums prepared
as part of the existing conditions analysis are
described below.

Crash Analysis Memorandum

The crash analysis memorandum summarizes safety
analysis procedures and findings for a project. It
contains narrative, tables, and exhibits and graphs
summarizing the following:

» Crash analysis procedures

» Crash data summary, which identifies crash
characteristics (type and location)

» Rate of collisions and high-crash locations

» Relationship of safety performance to other
transportation issues in the study area (i.e., traffic
congestion and geometric design issues), and
potential corrective measures

Traffic Volumes and Projections Memorandum

The planning process relies largely on the definition of
current and future transportation demand (i.e., traffic
volumes for highway facilities). The traffic volumes
and projections memorandum documents procedures
and tools used to develop existing (base year) and
projected future (design year) travel forecasts in the
study area. It contains narrative, tables, and exhibits
presenting the following information:
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» Travel demand and traffic conditions, including
data sources, average daily and peak hour
information, and traffic composition (e.g.,
truck percentages)

» Travel demand forecasting procedures
and assumptions

» Projected design year travel forecasts, including
average daily and peak hour information, for the
No-Build and Build Alternatives

Level of Service Analysis Memorandum

The LOS analysis memorandum summarizes

results of capacity and operational analyses for the
base condition (No-Build Alternative). It identifies
potential capacity and operational issues on the
transportation system, including their location and
severity. The memorandum should contain narrative,
tables, and exhibits addressing the following:

» Traffic analysis procedures, tools, and assumptions

» Project design criteria pertaining to
travel performance (i.e., LOS, volume, or
capacity ratio)

» Capacity analysis for both existing and projected
design year travel forecasts, including a
discussion of potential corrective measures to
address performance issues (e.g., addition of
basic lanes or turn lanes)

» LOS throughout the corridor

NOTES:
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The development and evaluation of alternatives is the central element of the
location process and applies to all the various location and environmental
studies completed by OLE (e.g., feasibility studies, location design studies,
and NEPA documents). The object of the alternatives development process
is to allow consideration of a full range of potential alternatives in the

early stages of project development, and to facilitate identification of an
optimal and acceptable transportation solution that minimizes impacts to
environmental, socioeconomic, and financial resources while providing

the best transportation performance. The alternatives development process
provides the engineering rationale for identifying the range of reasonable
alternatives that can address the project purpose and need, and provides the
design definition required to evaluate the relative performance of alternatives.

As depicted in Exhibit 7-1, alternatives generally are considered through
three distinct stages:

» Conceptual Design (PL1), which typically includes consideration
of alignment concepts, facility types, typical sections, access
accommodations, and multimodal transportation options for project
concept alternatives. Conceptual design can be performed as part of a
feasibility study or in the early stages of the location study process.

» Functional Design (PL2), which establishes general roadway design
features (e.g., horizontal and vertical alignment), cross sections,
and preliminary construction limits for proposed build alternatives.
Functional design typically is performed during the location study
process for the identified range of reasonable alternatives.

»  Preliminary Location Design (PL3), which refines the design
requirements (through step 33 of lowa DOT’s Can-Do Design process)
for the Preferred/Recommended Alternative. Typically, early stages
of Can-Do Design are completed during the location study process
following identification of the preferred alternative.

The alternatives development process (Exhibit 7-1) is iterative and
progressive in nature, focusing initially on general design concepts and
subsequently on functional design features. It is structured to allow
consideration of alternatives in an efficient manner, with a logical progression
of design development as required to support the decision at hand.

This chapter focuses on defining the general methodologies, tools and
procedures employed by the Location Studies Section in developing and
evaluating alternatives. The types of analyses and the level of detail to be
developed are discussed for the three design stages. It is important to note
that the nature and range of alternatives considered will vary by project
and will evolve during the course of project development.

7.1 Naming Conventions
and Definitions

7.2 Alternatives
Development Process

7.3 Conceptual Design Process
(Alternative Development)

7.4  Functional Design Process
(Evaluation of Alternatives)

7.5 Preliminary Location
Design Process
(Alternative Refinement)

The object of the
alternatives development
process is to allow consideration
of a full range of potential
alternatives in the early stages
of project development, and

to facilitate identification of

an optimal and acceptable
transportation solution.

PART Il - Location Studies 7-1




7.1 Naming Conventions
and Definitions

When discussing alternatives, it is important to
understand the differences between each step of
the location study and design development process
(conceptual design, functional design, preliminary
location design) and the terminology used to refer
to alternatives through each stage of the process
(conceptual, build, preferred, recommended). This
section provides basic descriptions of each step of
the location and design development process, as
well as general guidance regarding typical alternative
naming conventions.

It is important to establish and follow a clear
alternatives naming convention for each

individual project. Recognizing that the range and
characteristics of alternatives vary from project

to project, it is not practical to establish a single
naming convention. Therefore, the Location Section
should establish a project-specific convention with
input from NEPA Compliance before initiation of
the alternatives development process. The naming
convention should satisfy the following objectives:

» Be of a format that can be readily understood
by the public and be clearly presented in
NEPA documents.

» Provide continuity between alternatives
developed during early stages of the location
study process (conceptual alternatives) and
those carried forward for detailed consideration
(build alternatives).

Table 7-1

Alternatives Naming Conventions
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Exhibit 7-1
Alternatives Development Process

» Differentiate between a corridorwide
improvement plan and potential variations in
design treatments for an isolated element of the
corridor (e.g., interchange type).

Table 7-1 includes an example of an alternatives
naming convention.

7.2 Alternatives Development Process

Before the project alternatives are developed, a
thorough understanding of existing and future
transportation needs and project goals and objectives
are needed. Chapters 4, 5, and 6 provide information
on project goals and objectives, data collection, and
existing conditions analysis.

Design Development Stage @ Alternatives Terminology Concurrent NEPA/404 Event

Concept Design (PL1) Conceptual Alternatives

Concurrence Points 1 and 2
- Purpose & Need
- Alternatives to be Analyzed

Functional Design (PL2) design complete)

Representative Build Alternatives (5 to 10%

Concurrence Point 3—Alternatives Carried Forward

Preliminary Location Design (PL3)

complete)

Preferred Alternative (25 to 35% design

Concurrence Point 4—Preferred Alternative
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7.3.1 Design Considerations

Exhibit 7-2 depicts the alternatives development

process from the beginning of a project (data
The level of design detail established during

this stage of alternatives development should be
adequate to define basic alternative locations and
characteristics, to permit an evaluation of the ability

collection) through preliminary location design.
Sections 7.3 to 7.5 discuss developing alternatives
through each stage of the location process.

of the alternative to address the project purpose and
need (while complying with established design and
planning guidelines), and to identify any potential

7.3 Conceptual Design Process
(Alternative Development)

human and natural environmental “fatal flaws.”
This section describes the methodology used to
develop alternatives during The following basic design features

the conceptual design phase are typically considered and defined

The object of this stage
of design development
is to identify, evaluate,

and screen a full range

of a feasibility or location
study. The object of this
stage of design development

with the development of Conceptual
Alternatives.

is to identify, evaluate, Corridor Location

and screen a full range

of potential alternatives,
allowing identification of
the range of reasonable and
environmentally acceptable

of potential alternatives,

allowing identification of

the range of reasonable
and environmentally

For new highway corridors or for
existing highways on new alignment,
multiple corridor locations typically
are evaluated to identify locations

Build Alternatives that acceptable Build that address transportation needs
address project purpose and Alternatives that address while minimizing potential impacts.
need. Alternatives identified the project’s purpose At this point, corridor locations
and evaluated through the and need. should be defined as broad “bands”

conceptual design stage are

advanced in coordination

with the NEPA/404 merged process concurrence
points No. 2 (Alternatives to be Analyzed) and No. 3
(Alternatives to be Carried Forward).

It is important to remember that the alternatives
development process is iterative and varies from
project to project. For example, a new highway or
highway on new alignment will require that the
general location of the alternative be identified before
the conceptual design of isolated project features
(e.g., interchange types and layout) can be clearly
defined. By contrast, the location of a highway
corridor to be widened will be fairly well defined,
allowing an earlier focus on the conceptual design of
isolated project features (e.g., interchanges). Thus,
the methodology and procedures for development of
alternatives during the conceptual design stage must
be tailored to the unique design development needs
of each project.

or paths, allowing one to evaluate
the transportation performance
of the corridor in the context of the connecting
transportation system (e.g., Does the corridor
location allow for establishment of reasonable
access to major highways in the study area?), and
to screen the corridor alternate for any potential
environmental fatal flaws (e.g., unavoidable impacts
to Section 4(f) resources). The width of the alternate
corridor locations likely will vary on the basis of the
characteristics and constraints of the project area.

Alignment

For proposed improvements to highway corridors,
the identification of all potential alignments (existing
alignment, alignment shift, bypasses, new alignment)
should be considered. Generally, alignment shifts are
employed to minimize impacts to adjacent human

or natural environment constraints or to address
design issues along the existing highway. For example,
for projects in urban areas, simple alignment shifts
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Exhibit 7-2
Alternatives Development Process

7-4 PART I - Location Studies



CHAPTER 7

such as widening to only one side of a corridor may
preserve critical right-of-way and minimize impacts.
At this stage of design development, horizontal and
vertical alignments typically are developed only at

a conceptual level to verify that the alternative will
comply with established design parameters.

Facility Type and Access Location / Type

A full range of potential facility types and access control
characteristics (freeway, expressway, etc.) should be
developed and considered in the development of
conceptual alternatives. The range of facility types to
be considered is influenced largely by the level and
character of transportation demand, regional mobility
considerations, and system planning objectives.

The general location and type of access to be
provided with each conceptual alternative should be
defined according to the facility type. This includes
identifying the location of proposed interchanges and
major at-grade intersections. Various access options
may need to be considered, including location
options (particularly for new highway corridors,
where location alternates may afford different access
opportunities) and type options (full access versus
partial access, preliminary interchange form).

Basic Number of Lanes

The corridor sizing (the number of basic travel lanes)
along the corridor should be established. This includes
establishing the number of through lanes and the
location and type of auxiliary lanes, such as auxiliary
lanes on freeway weaving sections and truck climbing
lanes. Basic number of lanes should be documented in
the guiding principles document and established on
the basis of projected traffic demand, level of service
(LOS), general travel characteristics in the project area,
and on the principles of lane balance.

Typical Cross Sections

Typical proposed cross sections should be established
for each distinct section of the project area, and for
each facility type under consideration. The typical
sections should reflect established design criteria

(as identified with the project guiding principles),

as well as input from project stakeholders regarding
the context of the project area. For projects in urban
areas or abutting sensitive natural area, several cross
section options may need to be considered.

Grade Separations

The location and approximate sizing requirements
(width, length, vertical clearance requirements) for
grade separations along the corridor should be identified
to permit a reasonable evaluation of relative costs of the
conceptual alternatives and to help establish preliminary
vertical profile requirements for the corridor.

Multimodal Options

Needs and opportunities for alternative transportation
modes and technologies should be evaluated early

in the alternatives development process. This may
include consideration of transit facilities and services,
pedestrian and bike accommodations, transportation
demand management strategies, and transportation
system management technologies. Multimodal options
are often considered as independent, or stand-alone
alternatives to address purpose and need, so as to
determine whether a nonhighway alternative is able
to address transportation needs in the study area.
Where appropriate, accommodations for multimodal
design features (such as bike trails or sidewalks)

and transportation technologies (such as traffic

signal progression systems) should be incorporated
into project alternatives so as to encourage use

of nonmotorized travel modes and maximize the
efficiency of the transportation system.

Validate Project Termini

Project termini should be validated on the basis

of findings of transportation needs and objectives,
independent utility, and the range of alternatives to
be considered.

7.3.2 Conceptual Alternatives Development

Conceptual alternatives should be developed
in a manner that permits efficient and timely
consideration of a full suite of reasonable alternatives.

PART I - Location Studies 7-5



This should include consideration of alternatives
identified in previous studies. The level of
engineering development for alternatives should be
adequate to answer the question at hand; namely,
to establish the general location and character

of the reasonable alternatives that address the
project purpose and need. To result in an objective
comparison of alternatives, all conceptual alternatives
for a project should be developed to a consistent
level of detail—enough to determine whether the
alternative is reasonable for further consideration.

Environmental and community issues must be
carefully considered throughout the alternatives
development process. Wherever possible, alternatives
should be developed to avoid or minimize impacts

to sensitive resources. Context sensitive principles
and procedures should be integrated throughout to
ensure that alternatives respect community values
and sensitivities.

The public involvement program
should be structured to provide
opportunities for meaningful
public input in advance of key
milestones in the alternatives
evaluation process. Where
possible, direct stakeholder
participation in alternatives
development and evaluation is
encouraged. This helps ensure
that possible alternatives are
considered sooner rather than
later, encourages consideration of
community values, and helps build
public understanding and support
for proposed solutions.

The public involvement program should be
structured to provide opportunities for meaningful
public input in advance of key milestones in the
alternatives evaluation process. Where possible,
direct stakeholder participation in alternatives
development and evaluation is encouraged. This
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helps ensure that possible alternatives are considered
sooner rather than later, encourages consideration

of community values, and helps build public
understanding and support for proposed solutions.
Refer to Chapter 44 for details of the Public
Involvement Process.

The following discussion provides general guidelines
regarding design tools, design features, and plan
format guidelines to be used for the development and
presentation of conceptual alternatives.

Conceptual Design Tools

Computer-aided drafting (CAD) and computer-aided
engineering (CAE) software have become standard
tools for developing and displaying engineering
alignments and conceptual alternatives. lowa DOT
uses MicroStation for CAD and GEOPAK for CAE.
Refer to Chapter 10 for more detailed requirements
pertaining to use of CAD/CAE tools.

Geographic Information Systems (GIS) has become a
common application for planners and environmental
engineers to use in maintaining an environmental
inventory/database and in creating exhibits. GIS
contains powerful data analysis tools that can be
used to quantify impacts of alternatives, and develop
reports and maps that illustrate the project and
alternative impacts. lowa DOT uses GeoMedia as

the preferred GIS package. The data needs of the
GIS application and CAD are very similar; therefore,
data often are shared or passed between the GIS and
CAD platforms. Chapter 10 of this manual describes
further the requirements pertaining to the use of GIS.

As a study progresses, roadway details become more
refined. GEOPAK may be used to develop functional
plans that include horizontal and vertical geometry,
cross sections, and need lines. Final products should
be delivered as GEOPAK files.

Conceptual Design Features

Horizontal Alignment Concepts / Mainline Geometry

Conceptual geometry developed for the project
mainline should include preliminary horizontal
alignment, rough vertical profile considerations,
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and a conservative roadway footprint. Conceptual
geometry should be developed within established
guidelines (design criteria) to the level required to
demonstrate engineering feasibility. No cross sections
are developed at this stage. The following issues
typically are considered in establishing conceptual
mainline geometry:

» Route continuity and lane balance

» Required number of basic lanes and
auxiliary lanes

» Mainline traffic operations, including methods
for eliminating mainline weaving sections (such
as potential use of collector-distributor roadways)

» Relationship between freeway sections and
interchange ramps

» Grade separation requirements

Interchange Concepts

Conceptual geometry for interchanges includes
identification of appropriate interchange locations,
types, and ramp design requirements (right- versus
left-hand ramps, single- versus two-lane ramps, ramp
merge and diverge design, ramp/crossroad intersection
treatment). This includes the following considerations:

» Evaluation of existing and future travel patterns
and demand

» Evaluation of the performance of existing system
or service interchanges

» Accessibility to principal transportation corridors
and major traffic generators

A broad range of interchange types (diamond, partial
cloverleaf, directional) should be considered with
the object being to identify interchange forms that
provide acceptable operations for projected travel
demand, including:

» Improvement requirements on the crossroad
within the interchange influence area

» General layout of required grade separations

Side Roads

Conceptual geometry for side roads may be
developed during this stage, particularly if they must
be improved to accommodate corridor mainline

improvements. This could include side roads that
intersect the corridor (by interchange or at-grade
intersection) or that cross the corridor (by grade
separation). At this stage of development, side road
design concepts should be developed to identify

the typical cross section, preliminary horizontal and
vertical geometry, and cross road improvement limits,
with consideration for the following:

» Effect of new access points on
crossroad operations

» Need for capacity improvements to accommodate
projected travel demand

v

Effect of new or improved interchanges on
adjacent local roadways (road closures, access
control requirements, roadway relocation)

» Need for grade separations or intersections with
the mainline

Access Control, Access Locations, and Access Type

Conceptual geometry for frontage road systems must

consider the following:

» Need to add or eliminate frontage roads based on
projected travel patterns and the configuration of
the adjacent highway network

» Need to relocate or realign existing frontage roads
» Access control requirements
» One-way versus two-way frontage
road operations
Bridges and Structures

Identify the location and approximate sizing
requirements (width, length, vertical clearance
requirements) for all required grade separations and
river crossings along the corridor.

Other Design Features

Where appropriate, incorporate other design features
with the conceptual alternatives. This could include
features such as transit accommodations and bicycle/
pedestrian facilities.
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Conceptual Design Plan Format

Various plan and exhibit formats may be used
during this early stage of alternatives development.
The object is to display the general location and
characteristics of conceptual alternatives under
consideration. Plans and associated exhibits should
be prepared over aerial photography with major
environmental features clearly labeled, allowing
the reviewer to understand potential constraints
associated with various alternatives.

Care should be used to ensure that the exhibits and
plans are developed only to the level of detail needed
to illustrate the concept. The following general
guidelines pertain in this regard:

» Corridor location options should be displayed
as bands over aerial photography. The width of
the band will depend on the type of roadway
cross section being developed and the level of
engineering and environmental development.
Bands typically are 100 to 500 feet in width. The
band does not necessarily represent the proposed
right-of-way, but merely a potential location
for a corridor. If an access-controlled facility is
being considered, potential points of access and
potential interchange areas should be depicted.

» Alignment options should be depicted as lines
over aerial photography. All alignments under
consideration within an area should be shown
on one exhibit so that the reviewer can easily see
the differences between alignments. Alignments
can be developed in MicroStation/GEOPAK in
combination with compatible aerial imaging
software. This can assist in determining the
length of the relative alignments and providing
stationing for reference. However, it is not a
requirement at this stage.

» Single-line sketches are engineering drawings
that reflect horizontal, vertical, and cross section
elements. These are often used early in the study
process to create and consider a significant
amount of ideas in a short amount of time. These
are especially useful when considering complex
system interchanges.
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» MicroStation drawings often are applied over
aerial images to depict proposed roadway designs
within an established corridor. Plans and exhibits
should be developed to depict the basic roadway
location and width. Intersection layouts should
represent a preliminary layout for any required
channelization and turning radii. Exhibits
should be labeled with road names, number of
lanes, signalized intersection locations, major
environmental, and socioeconomic features.
Colors can be used to differentiate between
freeways and local roads.

7.3.3 Conceptual Alternatives Evaluation
and Screening

The alternatives evaluation process should be
structured to help decision makers determine which
alternatives address project objectives, and to help
them understand the key performance determinants.
At this stage, the evaluation consists basically of a
fatal flaw analysis: one that helps narrow the field of
alternatives to a group of two or more representative
alternatives that are reasonable based on their:

» Technical performance (ability to address
purpose and need and constructability)

» Environmental acceptability (does not
result in any environmental fatal flaws or
disproportionate levels of impacts as compared
with other alternatives)

» Public acceptability (on the basis of input
from public officials, stakeholder groups, and
the public)

» Financial performance (as compared to the
established project budget and relative cost
comparison for each alternative)

The development and screening process is iterative
in nature and unique to each individual project,
although the discussion here is linear. Some projects
may require consideration and screening of multiple
interchange locations before interchange types

and design features can be considered. Others

will require consideration of multiple corridor
locations before design features for conceptual
alternatives can be defined and evaluated. In such
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a case, it is advantageous to conduct an iterative

evaluation and screening: first of interchange

locations, then of interchange type and design

features. Thus, the evaluation procedures described

herein should be tailored to facilitate efficient and

logical decision-making.

The following are general guidelines for the

conceptual alternatives evaluation process:

»

Define Responsibilities—In coordination with

the District Engineer, validate decision-making
responsibilities and information requirements. It
is important to be aware of all parties involved
in the decision-making process, including actual
decision-makers and all groups/individuals who
provide their input to decision-makers. This will
ensure that appropriate parties are involved early,
and that decision-makers are well informed of
the opinions and positions of others when they
must make decisions.

Develop Evaluation Criteria—Develop
transportation, environmental, socioeconomic,
and financial evaluation criteria. The evaluation
criteria should be developed in consultation
with decision-makers, the Project Management
Team (PMT), and other stakeholders (e.g., local
officials) as appropriate. This will ensure that the
alternatives evaluation is relevant (provides the
right information) and comprehensive (considers
all key performance issues).

A combination of qualitative and quantitative
evaluation criteria may be used; however, at this
stage of development the evaluation will likely be

At this stage of development, the
evaluation in essence consists of a
“fatal flaw” analysis to narrow the
field of alternatives to a group of two
or more representative alternatives
that are reasonable based upon
technical performance, environmental
acceptability, public acceptability, and
financial performance

largely qualitative. Samples of qualitative ratings

”

may be “good, fair, poor,” “high, medium, low,” or

“greater or less than Concept A.”

The evaluation of Conceptual Alternatives
should be tailored to screen out alternatives with
inherent “fatal flaws” and to highlight the major
tradeoffs among alternatives. Potential evaluation
measures could include the following:

—  Compatibility with other
transportation systems

—  Effects on local access and existing
street system

— Potential for positive impacts on
affected communities

—  Effects on special traffic generators

—  Traffic operations, including delay and
average speed

—  Safety: crash reduction, geometry,
typical section (list series of safety
considerations separately)

— Costs
—  Constructability

—  Potential impacts to natural, cultural, and
archeological resources

—  Public and resource agency comments

— Potential land use and community impacts

Document Evaluation Findings—Alternatives
evaluation results must be well documented. The
documentation serves two principle purposes:
communicating key findings to parties involved in
the decision-making process, and establishing a
record of the technical rationale for early project
decisions. This documentation is required to
develop the alternatives section of the NEPA
document and should provide a logical and
consistent administrative record for project
technical decisions.

Present Evaluation Findings—Present analysis
findings to the project team and others as
appropriate and discuss conceptual design findings.
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7.3.4 Refinement of Conceptual Alternatives

The conceptual design process is iterative by nature,
often requiring the consideration of refined, new, or
combinations of previously developed alternatives.
Such refinements may be needed on the basis of
public or agency comments, information regarding
environmental or community constraints, or results
of more detailed engineering analyses. The process
should be flexible enough to accommodate such
analyses, as this approach leads to the identification
of the best performing and acceptable solution.

When appropriate, new or refined conceptual
alternatives should be developed and evaluated
following the procedures described in the earlier
portions of this section. There are several points to be
mindful of in this regard:

» Conceptual alternatives should be developed
and clearly named to relate the alternative to
earlier proposals.

» New or refined conceptual alternatives should be
evaluated and documented in a manner consistent
with previously developed conceptual alternatives.

7.3.5 Identification of Representative
Build Alternatives

The representative Build Alternatives to carry forward
for detailed consideration are identified at the
conclusion of the location conceptual design stage

of the location study process. This represents an
important milestone in the location study process—
one that correlates directly with the NEPA/404 merger
process Concurrence Point No. 3, Alternatives to be
Carried Forward. As such, the identification of Build
Alternatives to carry forward must be coordinated
closely with the Environmental Studies Section.

While there is no specific guidance regarding the
number of alternatives to carry forward, one should
ensure that appropriate unique and reasonable
alternatives to address purpose and need be
considered for further development. The alternatives
to be carried forward must be determined on the
basis of engineering considerations (including the
ability to address purpose and need), potential
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environmental consequences, stakeholder and public
input, and financial considerations. When identifying
the Build Alternatives, it is helpful to consider the
following questions:

» Does the alternative address the project
transportation needs and objectives?

» Is the alternative technically feasible, acceptable,
and constructible? Does it avoid any potential
engineering fatal flaws, does it comply with
established engineering policies and practices,
and can it be built within reasonable means?

» s the alternative distinctly different from
other alternatives being considered? Does
it include unique design characteristics or
transportation performance?

» Does the alternative avoid any potential
environmental fatal flaws? In other words, is it
likely to be environmentally permittable?

» Does the alternative result in lesser or comparable
environmental impacts as compared to other
reasonable alternatives. If not, consideration
should be given to advancing those reasonable
alternatives that result in lesser impacts.

» Does the alternative appear to be publicly acceptable?

» Does the alternative comply with project financial
constraints and cost-effectiveness? In other words,
can it be implemented within the established
project budget? Does the alternative represent
the least-cost alternative? If not, are the estimated
costs comparable with those for other alternatives?

The alternatives to be carried forward for detailed
consideration should be identified with input and
guidance from the PMT and senior management
(through project briefings).

7.4 Functional Design Process
(Evaluation of Alternatives)

7.4.1 Development of Build Alternatives

Build alternatives should be developed to a functional
design (PL2) level of detail adequate to conduct a
comparative analysis of transportation performance,
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environmental impacts, and relative costs. The
process should be structured to help decisionmakers
determine whether alternatives address project
objectives and to identify key differences in the
performance of alternatives. A combination of
transportation, environmental, socioeconomic, and
financial factors should be considered in this regard.

During the initiation of functional design, it is
appropriate to consider whether the project is ready
and suited for a value engineering study. A value
engineering study is an organized application of
common sense and technical knowledge directed

at finding and eliminating unnecessary cost in a
project. For some projects, a value engineering study
may be a valuable tool for comparing functional
design alternatives, while in other cases it may be
best conducted later in the process to optimize
design performance and cost for the preferred or
recommended alternative. The timing and focus of
value engineering studies should be established with
input from the PMT.

The following discussion provides general guidelines
regarding design tools, design features, and

plan format guidelines for the Build Alternatives
development.

Functional Design Tools

As noted, lowa DOT5 standardized drafting tools
(MicroStation and GEOPAK) are the adopted platform
for plan development. Functional design plans
should be delivered as MicroStation/GEOPAK files in

compliance with Iowa DOT standards and file formats.

See Chapter 10 regarding CAD and CAE standards.

Functional Design Features

The following discussion provides general guidelines
regarding design considerations and methodologies
for development of Build Alternatives.

Mainline

Plans and profiles should be developed to define the
mainline geometry and to validate design acceptability.
This includes the development or refinement of
horizontal and vertical alignments, lane requirements,

cross sections, and preliminary roadway footprint.
At this stage, the roadway design features should be
based, wherever practical, on full design standards
S0 as to represent worst case impacts and costs. For
example, the roadway vertical alignment should
assume generous structure beam depths.

Special consideration should be given to the
following during functional design:

» Auxiliary lane requirements
» Ramp merge/diverge geometry
» Median width and treatment

» Grade separation studies, including the analysis
of structure reuse versus replacement needs, and
structure layout requirements

» Retaining wall studies, including the analysis of
general retaining wall location and height

» General drainage design concept for the
mainline roadway

Cross sections should be developed to assist in the
establishment of preliminary roadway footprint
limits. Generally, cross sections should be developed
at 100-foot spacing in rural areas and 50-foot spacing
in urban areas. The preliminary footprint should

be developed using the cross sections as a base

and extending the area of impact by a reasonable
offset to facilitate construction operations and to
accommodate any potential utility relocations. In
rural areas, a 50-foot offset may be reasonable at this
stage of design development, but in urban areas a
narrower offset may need to be applied.

Interchanges

The general layout and lane requirements for
interchanges should be clearly established with

the functional design process. For interchanges,
horizontal and vertical alignments should be
developed to define the geometry. Cross sections

may also be developed at this stage. Ramp geometry
should be developed to demonstrate compliance with
applicable design standards and to identify roadway
footprint requirements. Alternatives should be
developed through the limits of the interchange area.
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The following should be considered:

» Auxiliary lane requirements for ramp
terminal intersections

» Ramp terminal treatments
» Roadside treatment for ramps
» Mainline and ramp bridge requirements

» Retaining wall studies, including the general
retaining wall location and height

» General drainage design concept for ramps

Cross sections for ramps should be developed at
this stage to permit identification of the preliminary
roadway footprint and to identify potential retaining
wall requirements.

Side Roads

Conceptual geometry should be developed for
crossroads, including identification of the typical
cross section, preliminary horizontal and vertical
geometry, preliminary roadway footprint, and
crossroad improvement limits. It is important

to identify all crossroad improvements required

as part of a build alternative. This could include
crossroads for which a vertical profile adjustment is
required (to provide acceptable vertical clearance),
or interchanging crossroads where additional travel
lanes are required to provide acceptable interchange
operations. Functional design for crossroads should
consider the following:

» The effect of new access points on cross
road operations

» The potential need for capacity improvements to
accommodate projected travel demand

» The effect of new or improved interchanges on
adjacent local roadways (road closures, access
control requirements, roadway relocation)

» Potential retaining wall locations

» The need for grade separations or intersections
with the mainline

CHAPTER 7

Access Roads

Conceptual geometry for frontage road systems
should be developed, including consideration of:

» The potential need to add new or eliminate
existing frontage roads based on projected travel
patterns and the configuration of the adjacent
highway network

» The potential need to relocate or realign existing
frontage roads

» Access control requirements

» One-way versus two-way frontage
road operations

Bridges and Structures / Drainage Design Concepts

Basic geometric and structure requirements should
be determined for bridges and structures, with
consideration for:

» Vertical clearance at all structure locations
» Structure length

» Basic structure type (culvert versus bridge)
» Beam depth

» General drainage costs needed as a percentage
of roadway costs (to account for smaller culverts
and pipes)

The Location Section Project Manager should
coordinate with the Preliminary Design Section in the
Office of Bridges and Structures for input on the above.

Roadside ditches should be accommodated in the cross
sections for the mainline and side roads. A vertical
profile should be confirmed to ensure that that the
ditches have adequate grades to flow and not pond.

Cost

Cost estimates prepared during functional design
may include preliminary estimates of earthwork.
Costs for pavement and major roadway or structure
features may be based on quantities, while percentage
costs may be used for miscellaneous items.
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Other Design Issues

Where appropriate, functional design plans should
incorporate accommodations for various modal options.
This could include design treatments to accommodate
high-occupancy vehicle (HOV) lanes, transit services,
or bicycle/pedestrian accommodations. The following
design features should be considered in this regard:

» Location and width of HOV lanes, including
separation of HOV versus general use travel lanes

» Transit accommodations, including the location
and general layout of potential bus turnouts,
ramp bypass lanes, or exclusive transit lanes

» Bicycle and pedestrian trail accommodations,
including location and layout of trail systems
OT crossings.

Approximate right-of-way and horizontal and vertical
alignment requirements should be determined

for each of the above and incorporated within the
CTross sections.

Functional Design Plan Format

Functional design plans may be prepared over
either aerial mapping or planimetrics. The decision
regarding which style to use should be determined
on a project by project basis. The plan scale used
should be appropriate to see relevant information
clearly. Drawings are typically prepared at a scale
of 17 =100’ for an 11”7 x 17” report document

(17 =50’ full size for a 24” x 36” plan sheet).

Functional plans should contain at least the
following information:

Horizontal Plan view (Mainline and Sideroad)

» Planimetrics or aerial background

» Roadway and water body names

» North arrow

» Scale

» Proposed geometrics

» Pavement and curb edges

» Number of lanes

» Intersection channelization

» Location of signalized intersections

» Bridges/structures

» Retaining walls

» Environmental features (if applicable)
» Noise walls (if applicable)

» Existing right-of-way

Profiles (Mainline and Sideroad)

» Existing ground line

» Proposed profile gradeline

» Existing and proposed bridges
» Profile grades

» Vertical curve data

7.4.2 Evaluation and Screening
of Build Alternatives

Qualitative Evaluation

Evaluation during the study of the conceptual
alternatives is more qualitative in nature because of
the flexibility and lower level of detail needed during
that stage of the project. During the functional design
phase, specific quantitative evaluation measures
should be established. These may include impact
quantification for:

» Right-of-way impacts

» Impacts to cultural and archeological resources

» Land use and community impacts

» Transportation performance measures

» Costs

» Natural resource impacts (threatened and
endangered species, wetlands)

» Impacts to regulated materials sites

» Socioeconomic impacts

» Displacements

» Noise impacts

» Water body and water quality impacts

»  4(D) impacts
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Some qualitative measures may also be carried
through to the functional design evaluation process.
Qualitative measures typically are used to compare
the performance of alternatives in areas that cannot
readily be quantified but that nonetheless are
important considerations in the decision process.
For example, qualitative measures may be used to
compare the constructability of build alternatives.

There is no predetermined methodology for the
evaluation of Build Alternatives, as each project has
unique design characteristics, environmental issues,
and public involvement needs. The evaluation of
less complex projects with fewer impacts may be
straight forward, but complex projects, particularly
those in urban areas or areas with numerous
resource issues, may require extensive analysis and
coordination. The following discussion includes
examples of alternatives evaluation methods that may
be employed for more complex projects, particularly
those requiring input from multiple stakeholders.

Project Team Review

The PMT and the Project Advisory Team are
examples of a multidisciplined approach. The PMT
membership, for example, represents Iowa DOT's
experts in the various fields of the transportation
planning, design, and construction process.

These teams should be used to obtain feedback

on the importance of different engineering and
environmental impacts.

If the project has an advisory group, the group
may be used to solicit additional input from the
local perspective. It is important to establish an
understanding with the advisory group that they
are not making decisions about alternatives or the
project, but rather providing an understanding of
local issues and preferences.

The evaluation process should enable consideration
of the regulatory framework—or regulatory
restrictions—associated with the choices. This
framework includes engineering guidelines and
standards as well as environmental regulations related
to alternatives decision-making. A CSS approach
should be employed throughout both the alternatives
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development and evaluation phases. The Iowa DOT%
approach to CSS is described in Chapter 4 of the
Can-Do Manual.

The consideration of cost may be part of the
decision-making process; however, when
environmental impacts are the tradeoff for selecting

a lower cost design (even if it is just an element,
rather than the whole, of an alternative), one must be
careful. Cost, particularly excessive cost, may indeed
be an evaluation measure, and so it will be important
to document thoroughly that all other lower cost
options have been investigated and determined not
to be feasible.

The process of developing and evaluating alternatives,
as always, is an iterative one. As alternatives are
developed and evaluated, if whole alternatives or
elements of alternatives are determined to have large
impacts or costs, they may be reexamined to identify
further means to lessen the impact.

7.4.3 ldentification of a Preferred Alternative

The preferred alternative is the alternative that

Iowa DOT, in consultation with FHWA, determines
would best fulfill purpose and need while giving
appropriate consideration to the environmental,
socioeconomic, and financial effects of the
alternatives considered. The term preferred alternative
itself is derived from the NEPA process. When
identifying a preferred alternative, the range of factors
affected by the proposed action must be carefully
considered, including socioeconomic resources,
natural resources, cultural resources, and engineering
needs. The evaluation measures used for the project
should reflect this potential range of impacts.

A preferred alternative generally is identified at the
recommendation of the PMT, with guidance from the
District Engineer and senior highway division staff.
The regulations for implementing NEPA presume that
by the time a project has reached the Environmental
Assessment (EA) or final Environmental Impact
Statement (EIS) stage of development, the lead
agency has identified a preferred alternative and

it must be identified in the Alternatives section

(40 CFR 1502.14). The identification (or even
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existence) of a preferred alternative does not
release lowa DOT or FHWA from the requirement
of preparing a document that is unbiased in its
treatment of alternatives and their impacts.

For Iowa DOT projects that do not include an
accompanying NEPA document (state-funded
projects), a preferred alternative should still be
identified before beginning Preliminary Location
Design. The same principles for identifying the
preferred alternative apply. The Preferred Alternative
would then be identified in the engineering report,
rather than in a NEPA document.

7.5 Preliminary Location Design
Process (Alternative Refinement)

The level of design development performed during
the location study process generally is adequate to
provide clear design guidance to the Office of
Design and to support design information
requirements needed to complete the

analysis of environmental consequences

and mitigation requirements. This
typically concludes with a

field exam and D2 (25 to

35 percent design

complete) event. The

preliminary location

design process typically

begins after the draft EIS is
published but before the final

EIS is completed. The detail offered

by the preliminary location design

stage is used in the final EIS to address
comments or questions from the draft EIS

and to help support the selection of a preferred
alternative.

7.5.1 Development

Projects may be advanced to a D2 level of design
development during the location study process,
both to provide clear guidance to Office of Design
regarding design characteristics and to allow a
reasonably accurate assessment of costs and of
project environmental consequences before the

Above all, an alternative
must be able to demonstrate
that it can meet the purpose and
need for the project. Therefore, the

need factors identified in the
purpose and need must be
part of the evaluation
measures.

selection of a recommended alternative. In these
cases, preliminary location design is consistent with
requirements established in the lowa DOT Can-Do
Manual, specifically the D2 plan and field exam
milestone events.

The following subsections summarize preliminary
location design tools, general guidelines regarding
design development requirements, and D2 plan
format requirements.

7.5.2 Tools

Location design plans should be delivered as
Microstation/GEOPAK files in compliance with

lowa DOT standards and file formats. See Chapter 10
for additional detail regarding CAD and CAE standards.

7.5.3 Design Features

Preliminary design for the preferred
alternative should be advanced to comply
with requirements established in the
lowa DOT Can-Do Manual for the D2
plan and field review events. A
discussion of design refinement
and development advanced
with this effort is
included below.

Mainline

Review and refine as appropriate
plans and profiles developed during
the functional design phase. This includes

the development of preliminary mainline
horizontal and vertical alignment plans with
associated footprint requirements. At this stage, the
following elements may be considered:

» Horizontal and vertical alignment refinements
based on updated survey data, grade separation
requirements (including estimated structure
depths), and drainage design concepts

» Cross section refinements based on horizontal
and vertical geometry updates, drainage design
concepts, and potential utility conflicts
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Interchanges

Review and as appropriate refine interchange plan
and profiles established during the functional design
step, including the following considerations:

» Review of proposed lane configuration (mainline,
ramp, crossroad) to confirm that the proposed
geometry provides acceptable traffic operations
in the design year

» Refinements to the ramp geometry (including
ramp merge/diverge layout, ramp gore layout,
ramp intersection layout) to comply with
design standards

» Access control requirements

» Crossroad improvements required to provide
acceptable interchange operations and roadway
transitions, including proposed crossroad
improvement limits and scope.

Crossroads and Frontage Roads

Develop preliminary plans for cross roads or frontage
roads. This includes typical cross sections, preliminary
horizontal and vertical geometry, preliminary roadway
footprint, median treatment, traffic signalization and
control requirements, and crossroad improvement
limits, with consideration for:

» Effect of new or improved interchanges points on
cross road operations

» Potential required capacity improvements to
accommodate projected travel demand

» Access control requirements

» Effect of new or improved interchanges on
adjacent local roadways (such as road closures,
access control requirements, roadway relocation)

Bridges and Structures

The location and scope of structural (bridge and
retaining wall) improvements for the preferred
alternative should be refined at this stage of design
development. The object is to determine which
existing structures can be retained and reused and
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where new structures (bridges and retaining walls)
are required. Structure studies should evaluate the
structure condition, age, and design characteristics.

At this stage of design development, the following
preliminary structure design concepts are typically
considered and determined:

» Proposed bridge location and layout, including
preliminary superstructure depth, initial span
arrangement and length, and cross section

» Preliminary bridge profile grade requirements at
stream crossings

» Proposed retaining wall locations, including
appropriate studies to justify use of retaining
walls (as compared to sloped embankments)

Drainage Concepts and Studies

Drainage patterns and the overall drainage system
design should be reviewed at a conceptual level of
detail at this stage of the design development process.
Areas with potential drainage problems should be
evaluated to identify potential corrective actions,
such as vertical profile grade improvements or
stormwater detention. A preliminary drainage design
concept should be developed and incorporated into
the development of updated plans, profiles, and cross
sections. The level of development of the drainage
concept should be adequate to allow identification

of potential additional roadway footprint needs (as
an example, for potential culvert extensions or for
stormwater detention), and to provide input on
general drainage costs.

Geotechnical Studies

Subsurface characteristics for the project should

be reviewed and analyzed to the level required to
support the development of preliminary structural
studies described above, and to assess the potential
for slope stability issues. Available subsurface data
and soil borings should be used to perform these
early geotechnical studies. However, it may be
appropriate and necessary to collect new soil borings
in select locations.
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Maintenance of Traffic Concept

A preliminary maintenance of traffic concept and
plan should be developed as part of the D2 plans.
The object is to demonstrate the general sequence

of construction, to validate constructability, and to
identify potential road closures or detours.

Preliminary Location Design Plan Format

Location design plans should be prepared over

planimetrics. The format and content of the plans
should be consistent with D2 plan submittal
requirements as established in the lowa DOT%

Can-Do Manual and Design Manual. Drawings are

typically prepared at a scale of 17 =100 for an
117 x 177 report document (1” = 50 full size for a
24”7 x 36” plan sheet).

NOTES:
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Feasibility Studies

CHAPTER 8

This chapter describes the feasibility study process, with a focus on study
goals and objectives, study elements and their interrelationships, and study
process output. Detailed information regarding elements of the feasibility
study methodology, tools, and procedures is contained in associated
chapters of this manual. This chapter also describes the correlation among
elements of the feasibility study process and subsequent location and
environmental studies, because information from feasibility studies often
flows directly into location and environmental studies. The following
information is discussed in the subsequent sections of this chapter:

» Goals and objectives

» Process and schedule

» Coordination and review requirements

» Data collection and analysis requirements

» Conceptual alternatives development and evaluation process

» Feasibility study documentation requirements

8.1 Goals and Objectives of Feasibility Studies

The goal of the feasibility study is to take an identified need, designate a
study corridor, collect data relevant to the natural, social, and economic
environment, and identify and evaluate location or modal alternatives that
detail possible engineering solutions.

Feasibility studies often are performed in advance of location and NEPA
studies, but a NEPA document may be completed as part of a feasibility
study. Feasibility studies are typically performed in those situations where
the viability or character of a project is not readily apparent (for example, a
project for which a broad range of location or modal alternatives may need
to be considered).

The objectives of feasibility studies may include the following:

» Establish general transportation needs and objectives for the project.
» Identify and evaluate general location and modal alternatives.

» Evaluate engineering, environmental, and public acceptability
of conceptual alternatives at a macro level of detail, focusing on
fatal-flaw issues.

» Establish basic project characteristics for further detailed consideration
with future location studies and associated NEPA studies, including
project termini, a preliminary range of alternatives, and a preliminary
cost estimate.

8.1

8.2

8.3
8.4
8.5

8.6

Goals and Objectives of
Feasibility Studies

Data Collection and
Analyses

Conceptual Design
Coordination

Feasibility Study
Documentation

Materials to be Transmitted
to Location Studies Section

This chapter provides
an overall description of the
feasibility study process, with
a focus on study goals and

objectives, study elements and
their interrelationship, and study
process output.
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The level of conceptual alternatives development and
analysis typically performed as part of a feasibility
study should include the following:

» Define basic alternative features, including location,
facility type, and access control characteristics.

» Demonstrate general engineering viability and
constructability of the alternative.

» Identify planning level costs.

» Identify potential environmental and
community impacts.

8.1.1 Process

Feasibility studies provide the means to identify
transportation issues and evaluate the viability of
potential transportation solutions. As compared to
subsequent location studies performed for a project,
these early studies do not result in design decisions
or environmental approvals. Rather, they typically
conclude with the identification of viable conceptual
alternatives appropriate for further development and
consideration with future studies. Feasibility studies
must, however, be grounded in an awareness of
environmental and community constraints to ensure
that study conclusions are valid.
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The three basic steps for a feasibility study are:

(1) data collection; (2) existing conditions analyses;
and (3) conceptual alternatives development and
evaluation. While these steps are similar to the early
steps of a location study, there are several important
distinctions. Conceptual alternatives identified as
part of a feasibility study need only be developed to

a level of detail to define their general characteristics,
evaluate technical viability and constructability, and
identify any potential environmental constraints. By
comparison, during a location study, alternatives are
developed, refined, and evaluated to the level of detail
needed to identify a recommended alternative and
demonstrate its environmental acceptance. Feasibility
studies do not conclude with a recommended
preferred alternative because they are not done with
a concurrent NEPA product. Exhibit 8-1 illustrates
the feasibility study process and its relationship to
subsequent phases of project development.

As the feasibility study process serves to begin
identifying transportation needs and determining
possible solutions, it is important that both
engineering viability and environmental and
public acceptability of conceptual alternatives be
considered. In this regard, one must understand
the general environmental and community features

Exhibit 8-1
Feasibility Study Process
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and constraints in the study area, as well as the
relationship of the project to future transportation
and land-use plans. While there are no prescribed
public and agency coordination procedures for a
feasibility study, coordination with local agencies or
individual federal and state regulatory agencies is
sometimes appropriate to obtain early stakeholder
input to project analyses (see Section 8.4).

8.1.2 Schedule

The typical duration of feasibility studies is 12 to
24 months. The length of the schedule may vary
depending on the complexity of the project.

Exhibit 8-2 is a typical feasibility study schedule.

8.2 Data Collection and Analyses

Data collection is an early and ongoing element of
the feasibility study process. Early data collection
efforts focus on information required to develop an
understanding of the existing conditions surrounding
the study area, identify environmental constraints,
evaluate transportation needs, and develop and
evaluate conceptual alternatives.

Key transportation issues are identified using
preliminary analyses of existing conditions that, at
this stage of project development, need focus only on
major performance issues that drive the project need
(that is, safety and capacity). More comprehensive
analyses of the design characteristics and performance
of the existing facility are generally performed during
the subsequent location study phase. Typical data
requirements and existing conditions analyses needs
during the feasibility study process are identified in
Exhibit 8-3.

The remainder of this section outlines data required
to perform feasibility studies, the types of existing
conditions analyses performed, and the relevance of
data and analyses to the study process.

8.2.1 Data Collection

Data requirements for feasibility studies typically
include aerial photography and macro-level
engineering and environmental data.

Photography and Mapping

Aerial photography, digital terrain models (DTMs),
and other survey information typically are used as the
base data for development of conceptual alternatives.

Exhibit 8-2
Feasibility Study Process
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Exhibit 8-3
Typical Data Requirements and Existing Conditions Analyses Needs
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The Project Manager, in coordination with the PMT
and photogrammetry section engineer, is responsible
for determining the type of photogrammetric
mapping to be developed for the feasibility study
process, including requirements for any associated
ground, drainage, property, or hydraulic surveys.
This should be established as part of development of
the Project Definition Statement or during the project
scope development process.

Engineering Data

Various basic engineering data are required to
support early engineering analyses and conceptual
alternatives development. Engineering data are
used to analyze operational, physical, and safety
characteristics of the study area, after which they
support development of conceptual alternatives.

Data typically required to analyze transportation needs
as part of a feasibility study include the following:

» Published transportation programs

» Traffic data (existing and forecasted)

» Crash data

» Existing geometric features (using as-built plans)
» Access management

» Utility information

» Other data as appropriate

Other data that may be needed include the
following:

» Pavement conditions

» Origin-destination survey

Early engineering data

are used to perform a

preliminary review of the
condition of the existing
transportation system.

These analyses include crash
analyses, capacity and operational
analyses, and an evaluation of potential

causes of performance issues. The analyses
should be sulfficient to establish general
transportation issues and needs in the study area.

These early
analyses are
necessary to establish
an early understanding of
transportation needs, which will
serve to guide the development
of the range and character
of conceptual
alternatives.

Note that these analyses will be augmented with a
more comprehensive existing conditions analysis if
the project advances to the location study phase in
the future.

Environmental Data

Information regarding environmental features

and constraints is required to ensure that project
development begins and evolves with an eye

toward avoiding or minimizing potential significant
environmental impacts. This could include sensitive
habitat areas, threatened and endangered species,
wetlands, floodplains and floodways, regulated
materials, resources regulated through Sections 4(f) or
6(D (that is, parklands and historic resources), cultural
Tesources, or sensitive socioeconomic features (existing
and planned).

Environmental data compiled during a feasibility
study in which multiple conceptual alternatives may
be considered in a large geographic area typically

are limited to environmental database analyses and
windshield surveys and site reviews. This level of

data collection may be adequate to identify any
potential significant environmental impacts during the
development and evaluation of conceptual alternatives.

8.2.2 Existing Conditions Analyses

Existing conditions analyses conducted as part
of a feasibility study should be adequate to
identify general system mobility or safety
performance issues. Of particular
importance during this stage are traffic
analyses (to identify current and
future system operational
characteristics) and safety
analyses (to identify the
character and magnitude
of safety issues within
the study area). These
early analyses are necessary to
establish an early understanding of
transportation needs, which will serve
to guide the development of the range and
character of conceptual alternatives.
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A set of qualitative and quantitative performance
measures should be developed by the project team
based on applicable DOT and American Association
of State Highway and Transportation Officials
(AASHTO) policies and design criteria. The analyses
should identify transportation issues and objectives,
and consider existing system performance both
today and in the project design year. Analyses should
be presented in a manner that clearly identifies the
location and character of performance issues. The
findings from the preliminary existing conditions
analysis should be summarized in the Existing
Conditions Memorandum.

Elements of the data collection/analysis phase of the
feasibility study process are illustrated in Exhibit 8-4.

8.3 Conceptual Design

The conceptual design step of a feasibility study
includes the identification, development, and
evaluation of a

broad f '
road range o The conceptual design

step of a feasibility
study includes
the identification,
development, and
evaluation of a broad
range of potential
alternatives for
a project.

potential alternatives
for a project.
Conceptual design
begins after project
transportation needs
and objectives have
been defined and
accepted, and after
the general character
and location of
environmental
constraints have been identified. The procedures

for the conceptual design during a feasibility study
are similar to those conducted in a location study.
However, the location and modal options considered
with a feasibility study may be broader, and may
serve to narrow the range of alternatives that need to
be considered with a subsequent location study.

Exhibit 8-5 illustrates elements of the conceptual
design step of the feasibility study process. The

rest of this section describes the conceptual design
objectives and elements, including their relationship
to future location studies.
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8.3.1 Objectives

The goal of conceptual design for a feasibility study

is to identify and evaluate the feasibility of a project’s
initial range of alternatives. During the subsequent
location study, the range of conceptual alternatives
will be refined and evaluated in greater detail, serving
as the basis for identification of build alternatives that
address the project purpose and need.

The project development process should begin with
a thorough, well-structured analysis of potential
conceptual alternatives. Principal objectives of
conceptual design are as follows:

» Clearly establish project design and planning
parameters and requirements. This is needed to
ensure that conceptual alternatives are founded on
appropriate planning and design principles and
assumptions, and ultimately technically acceptable.

» Identify and consider a full range of potential
solutions (conceptual alternatives) that could
address transportation issues, including location,
design, and multimodal solutions.

» Encourage early stakeholder input to the
conceptual alternatives development and
evaluation process. Early stakeholder input is
crucial because:

—  Public perspective regarding transportation
needs can help shape a solid and defensible
purpose and need, and build public
understanding and support for the project.

—  Public input regarding the initial range of
conceptual alternatives to be considered
helps ensure that all possible solutions
are explored early, and ultimately helps
build public understanding of the rationale
for the selection of the initial range of
conceptual alternatives.

8.3.2 Conceptual Design

As noted, the goal of conceptual design is to identify
the general location and character of the initial range
of reasonable alternatives for consideration. At this
early stage, design development of each conceptual
alternative should proceed only to the level required
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to determine overall engineering feasibility and
to identify potential significant or unpermittable
environmental impacts.

Major elements of the conceptual design process
include development of project design and planning
parameters; identification of the potential range

of alternatives to be considered; development of
conceptual alternatives; and analysis of conceptual
alternatives. The remainder of this section discusses
the individual elements of conceptual design, their
significance, and their relationship to subsequent
location and environmental studies.

Deliverables

Design and planning parameters typically are identified
in the Feasibility Study Guiding Principles, which
identifies project transportation needs and objectives,
explains the context of the corridor in relationship

to the broader transportation network and project

area, defines the general characteristics of potential
improvements (that is, facility type and sizing, bypasses,
and multimodal options), and identifies design

criteria and principles that will be used to support the
development of conceptual alternatives.

Exhibit 8-4

Feasibility Study Considerations-Data Collection

DATA COLLECTION/
ANALYSIS

® Data Compilation
® Aerial Photography/Mapping
® Traffic Data (Existing/Forecasted)
® Crash Data

® Environmental and Socioeconomic Features

® Existing Conditions Analysis
e Traffic/Operational Analyses

@ Crash Analyses

Exhibit 8-5

Feasibility Study Considerations-Conceptual Design
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Procedures

Planning and design parameters are developed in
consultation with lowa DOT staff (including senior
management), FHWA, and, when appropriate,

with other stakeholders (Metropolitan Planning
Organizations [MPOs], other state DOTs, etc.). Formal
review and endorsement of the Feasibility Study Guiding
Principles should occur before the development of
conceptual alternatives. See Section 8.4 for additional
discussion of coordination procedures.

Relationship to Location Studies

The feasibility study begins to establish the general
character of transportation issues, or needs, and helps
establish the general character and range of potential
conceptual alternatives. The Feasibility Study Guiding
Principles begin to establish general design standards
for project alternatives. Design requirements are then
expanded, refined, and validated during the location
study process.

8.4 Coordination

The feasibility study process should be performed in
coordination with project decision-makers (who will be
responsible for determining whether the project should
advance to the location study phase) and involved
external stakeholders (such as local agencies or federal
and state regulatory agencies). The Project Manager,

in coordination with district staff, is responsible for
scheduling work, identifying resource needs, and
leading internal and external coordination efforts.

This section identifies internal project team members and
external stakeholders who are typically involved in the
feasibility study process, and discusses the nature (that
is, data and information gathering, reviews, and input),
timeframe, and relevance of their involvement. Involved
parties include internal lowa DOT staff (typically,
Location Section, Systems Planning, District Planner
and other District staff, NEPA Compliance Section);
appropriate federal, state, and local agencies; and public
stakeholders. Although feasibility studies are performed
as a pre-NEPA activity, early stakeholder input helps

to guide subsequent alternative studies and build early
stakeholder understanding and support for a project.

CHAPTER 8

The object of the feasibility study coordination
process is twofold:

» First, to allow early identification of public
and agency concerns and issues related to a
potential project. At this early stage of project
development, public and agency input is
typically obtained during targeted agency and
stakeholder meetings. This input helps ensure
that local perspectives on transportation issues
and conceptual alternatives are understood and
considered in study analyses.

» Second, to ensure that stakeholder input is
considered and reflected in the identification of
alternatives to be considered with subsequent
studies. This is achieved through regular
input of a multidisciplinary technical team
(the PMT), and effective coordination with
DOT management.

The feasibility study coordination procedures should
be tailored to meet the needs and objectives of the
individual project. For example, projects in urban
areas may require coordination with a broader array
of local government and transportation agencies
when compared to rural projects. Therefore, project-
specific coordination procedures should be identified
as part of the project work plan and schedule.

The remainder of this subsection outlines the
general period for and objectives of feasibility study
coordination activities.

8.4.1 Internal Coordination and Reviews

Internal Iowa DOT coordination and reviews are
accomplished by coordinating with the PMT or
project briefings.

PMT

Objectives

The function of the PMT at this stage of a project is to
provide input to the general project need, and technical
and environmental feasibility. The PMT also helps set
design standards, review and comment on project
deliverables, and manage the overall project schedule.
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Procedures

Coordination with the PMT is typically accomplished
through PMT meetings and involvement of PMT
members in the review of project deliverables.

Responsibility

The Project Manager, in coordination with District
staff, is responsible for assembling the project-specific
PMT, for scheduling and facilitating any needed
meetings, and for involving appropriate members of
the PMT in the review of project deliverables. The
Project Manager, in coordination with District staff, is
also responsible for compiling PMT input and review
comments, and ensuring that they are reflected
accordingly in the engineering development process.

Project Briefings

Objectives

The function of project briefings is to provide senior
management with opportunities for early policy
level input to project issues and manage information
regarding potential project needs and feasibility.

Procedures

Project briefings should be scheduled in coordination
with District management or the OLE Office Director
at critical points in the feasibility study process. At

a minimum, this should include project briefings to
allow policy-level input to the development of project
planning and design criteria, and identification of
possible conceptual alternatives and feasibility study
results. Project briefings are considered working
meetings with a smaller group of core project staff
(DOT staff only).

Responsibility

The Project Manager, in coordination with District
staff, is responsible for scheduling and supporting
project briefings, including identifying topics and
preparing pertinent presentation materials. Project
briefings typically are scheduled as needed; however,
project-specific briefings may be scheduled at the
request of management.

Project Review Meetings

Objectives

Project review meetings are held to allow discussion
of the potential project in relation to DOT processes,
policies, and priorities with DOT management. A
project is discussed at project review meetings at the
request of the District Engineer.

Procedures

Project review meetings should be scheduled at
critical points in the feasibility study process.

The meetings involve policy-level input to the
development of project planning and design criteria,
identification of the possible conceptual alternatives,
and feasibility study results. They are geared to a
wider audience than project briefings and involve
multiple offices and FHWA.

Responsibility

The Project Manager, in coordination with District
staff, is responsible for scheduling and supporting
project review meetings, including identifying topics,
and preparing pertinent presentation materials.

8.4.2 Agency Coordination and Reviews

Timely and effective involvement of agencies in the
feasibility study process helps ensure that study
findings reflect an accurate assessment of potential
community and environmental issues. The process
gives agencies an opportunity to identify constraints
in the study area and to provide input to the
acceptability of potential conceptual alternatives.

The following types of agencies may be involved in
the feasibility study process: FHWA; local government
agencies; MPOs; other transportation providers; and
regulatory and resource agencies (U.S. Army Corps of
Engineers [USACE], U.S. Environmental Protection
Agency [EPA], Department of Natural Resources
[DNR], U.S. Fish and Wildlife Service [FWS], Natural
Resource Conservation Service [NRCS], local county
conservation agencies, etc.). The level and character
of involvement of agencies in the feasibility study
process will vary by project. For example, a highway
project that requires construction in an area with
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extensive wetlands and floodplains may warrant early
involvement of the USACE to help clarify any potential
significant environmental impacts, whereas upgrading
an existing highway on existing alignment may not
involve the potential for extensive wetland or floodplain
impacts, and thus not require early coordination.

FHWA

Objectives

FHWA involvement in the feasibility study process
may be appropriate for projects that may require
future federal action. Early involvement will help
ensure that feasibility study findings adhere to
applicable federal policies and guidelines.

Procedures

FHWA involvement may be accomplished through
participation of FHWA staff in the PMT, or as
needed through various meetings with regulatory
and resource agencies. FHWA stalff is also involved,
as appropriate, in the review of draft project
deliverables. FHWA reviews can occur concurrently
with or following DOT staff reviews.

Responsibility

The Project Manager is responsible for involving
FHWA in the PMT, scheduling and facilitating
meetings with FHWA staff, and coordinating FHWA
review and input to feasibility study deliverables.

Local Government Agencies (Municipalities, Counties,
and Townships)

Objectives

Early involvement in feasibility studies helps to
ensure that study analyses and recommendations
reflect community issues and sensitivities, as
well as local agency opinions regarding potential
conceptual alternatives.

Procedures

Local agency involvement during the feasibility
study process is typically accomplished through
individual agency meetings (that is, staff meetings
or council/board meetings) and workshops.

CHAPTER 8

Agency involvement should be structured to allow
meaningful opportunities for local agency input
related to transportation needs, project constraints,
and conceptual alternatives considered.

Responsibility

The Project Manager, in coordination with District
staff, is responsible for scheduling and facilitating
local agency coordination activities, and ensuring
that local input is communicated to appropriate DOT
management and reflected in the feasibility study
development process.

Planning Organizations and Councils of Government
(MPQOs/Regional Planning Affiliations [RPAs]/
Transportation Management Associations [TMAs]/
Council of Governments [COGS])

Objectives

For projects in metropolitan areas, MPO or COG
involvement in the feasibility study process helps
ensure that study analyses and recommendations
reflect regional long-range transportation plans
and policies, and that study traffic analyses are
consistent with regional travel demand and
socioeconomic forecasts.

Procedures

MPO involvement typically is accomplished through
meetings (e.g., staff meetings, transportation or policy
committee meetings) scheduled at critical points in the
feasibility study process. This should at least include
staff meetings to secure early endorsement of project
traffic forecasts and gain an understanding of regional
long-range transportation and land-use plans, and
transportation/policy committee meeting presentations
preceding key feasibility study milestones.

Responsibility

The Project Manager, in coordination with District
staff, is responsible for scheduling and facilitating
MPO coordination activities, and ensuring that
MPO input is communicated to appropriate DOT
management staff and reflected in the feasibility
study development process.
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Other Transportation Providers

Objectives

For projects that involve consideration of multimodal
alternatives, coordination with other transportation
agencies is required. For example, consideration of
expanded transit services in an area, or consideration
of a multimodal transportation corridor, requires early
input from other involved transportation providers.

Procedures

Coordination with other transportation providers
typically is accomplished through early project
notification letters and one-on-one meetings. This
could include correspondence or meetings to

collect data regarding existing and planned regional
transportation facilities. If project alternatives include
consideration of multimodal transportation services,
affected transportation providers should be involved
in the conceptual alternatives development and
evaluation process.

Responsibility

The Project Manager, in coordination with District
staff, is responsible for scheduling and facilitating
coordination activities with other transportation
providers, and ensuring that input is reflected in the
feasibility study development process.

8.4.3 Public Coordination

The character and scope of public coordination
activities conducted as part of a feasibility study will
vary significantly from project to project. For projects
that may have a significant effect on a community,

it may be appropriate to provide early structured
opportunities for public input to the study process.
For projects less likely to draw public controversy, an
extensive public involvement program may not be
appropriate at this early planning stage of a project.

The Project Manager, in coordination with District
staff, the PMT, and the Public Involvement Section
are responsible for developing a project-specific
public involvement plan. This group is also
responsible for scheduling and facilitating public
involvement activities, and ensuring that public

stakeholder input is communicated to appropriate
DOT management staff and reflected in the
Feasibility Study development process.

Refer to the Iowa DOT Can-Do Manual, lowa DOT’s
Policy and Procedures Manual, and Chapter 44, Public
Involvement, of this manual for additional information
on the public involvement process.

8.5 Feasibility Study Documentation

This section discusses and summarizes the engineering
documentation developed during a feasibility study.

8.5.1 Objectives

Documentation prepared during a feasibility study
helps to build understanding and support for the
project’s transportation issues and overall viability.
Specifically, feasibility study documentation:

» Provides project team members with relevant
data to make technical recommendations,
allowing the project development process to
move forward in a linear manner

» Provides an overall view of both engineering
and environmental issues identified with this
early stage of project development, and serves
as a starting point for subsequent location and
environmental studies

» Provides a clear record of project analyses and
rationale for project recommendations

» Provides guidance for subsequent stages of
project development

8.5.2 Documentation Types

Project documentation is developed throughout
the feasibility study process to support project
development needs and engineering decisions.
Documentation is typically prepared in one of
these forms:

» Technical memorandums, which are prepared
as needed through the feasibility study process.
Memorandums may define and explain study
methodology and process, or present analysis
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findings and recommendations. Technical
memorandums prepared during a feasibility study
may include a crash analysis memorandum, a
traffic volumes and projections memorandum, or
a level of service analysis memorandum.

» Technical reports, which document major
elements of the project development process.
Technical reports prepared during a feasibility
study may include an existing conditions report
or a guiding principles memorandum.

» TFeasibility report, a comprehensive document
of the feasibility study process, findings,
and recommendations.

8.5.3 Guiding Principles Memorandum

The Guiding Principles Memorandum documents the
basic design and planning parameters for a project. This
document provides direction to design development so
as to ensure that the process is focused on addressing
identified transportation needs and objectives, and to
ensure that alternatives are developed using accepted
design and planning parameters.

The Guiding Principles Memorandum should generally
address the following design and planning issues:

» Transportation objectives to be addressed with
project alternatives

» Context of the project corridor in relation to the
broader transportation network and project area

» General characteristics of potential improvements
(i.e., facility type and sizing, bypasses, and
multimodal options) and improvement termini.

» Project planning and design criteria, including
design year

A variety of exhibits and tables may be included

in the Guiding Principles Memorandum. As a
minimum, the document should include a location
map, exhibit(s) depicting the existing and planned
transportation system, exhibit(s) depicting existing
and planned land-use and locations with identified
sensitive environmental resources, and tables
presenting proposed planning and design criteria.

CHAPTER 8

The Guiding Principles Memorandum should be
developed before the alternatives development process
begins. This document should be developed in
consultation with Towa DOT and FHWA, with input
from other key local stakeholders (i.e., MPOs and local
elected officials) as appropriate. A formal review and
endorsement of the Guiding Principles Memorandum
should occur so as to ensure agreement with project
development principles. The draft memorandum
should be reviewed by the Project Manager and PMT,
and when appropriate by the District Engineer and
senior management. Following review, comments
should be incorporated into the final memorandum.

8.5.4 Conceptual Alternatives Analysis

The development and evaluation of alternative
transportation solutions is the core element of a
feasibility study process. Documentation of each
step of the process serves to build a clear and
comprehensive record of the range of solutions
considered, as well as the rationale used to screen
and refine alternatives.

The Conceptual Alternatives Findings Technical
Memorandum summarizes results of the Conceptual
Alternatives development and evaluation process
and serves to document the rationale for the range
of Build Alternatives to be carried forward for
further consideration. The memorandum should
contain narrative, exhibits, and tables summarizing
the following:

» Alternatives development guidelines and
procedures, including a summary of design
criteria and transportation objectives used to
guide the development of alternatives

» Alternatives evaluation procedures, including
a summary of evaluation criteria and
performance measures

» Conceptual Alternatives considered, including
a description of key design features (location,
facility type, cross section)

» Conceptual Alternatives evaluation results,
including a discussion of relevant transportation,
environmental and financial performance issues,
and public and community input
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» Conceptual Alternatives findings and
recommendations, including identification
of alternatives recommended for further
consideration, and discussion of Conceptual
Alternatives considered and dismissed (with the
rationale for dismissal)

8.5.5 Feasibility Reports

Feasibility reports summarize the feasibility study
process, providing comprehensive documentation
of identified transportation issues, alternatives
considered, alternatives evaluation findings and
recommendations, and public involvement activities.
Documentation prepared during the study helps to
build understanding and support for the projects
transportation issues and overall feasibility.

Feasibility Report Content

The feasibility report should be prepared so as to
thoroughly summarize of the major elements of the
feasibility study process, and also of study findings and
decisions. Specifically, it should provide the following:

» A comprehensive view of engineering and
environmental issues identified in the early stages
of project development

» A clear record of project analyses, including the
range of alternatives considered

» A record of public involvement activities and
public input

» Study findings and recommendations, along with
rationale for project decisions

» A starting point for subsequent location and
environmental studies

Exhibits, tables, and figures should be included to
provide the reader with a clear understanding of
project issues and potential solutions. As appropriate,
technical memorandums or reports prepared during
the study should be referenced, or provided as
appendixes to the feasibility report.

Report Development Procedures

A feasibility report is compiled near the completion
of the feasibility study process. Generally, information
from prior technical memoranda and reports
prepared through the duration of the study process is
summarized and incorporated into this report.

A draft feasibility report should be prepared and
submitted for review concurrently with the submittal
of alternatives analysis results and recommendations.
The document should be reviewed by lowa

DOT, including appropriate members of the

PMT. Comments from the DOT will then be
incorporated into the final feasibility report. The final
feasibility report should be submitted for approval
concurrently with the submittal of final engineering
recommendations, and reflect review comments from
the draft submittal. The document is submitted for
acceptance to the District Engineer.

8.6 Materials to be Transmitted to
Location Studies Section

If a consultant is completing the feasibility study, the
following materials are retained and transmitted to the
Location Studies Section upon completion of the study:
» TFeasibility report

» Computer Aided Drafting and Design
(CADD) files

» Project notebooks
» Conceptual alternatives plans

»  All other electronic files (survey, mapping,
capacity, and operational analyses, etc.)

All project materials should be saved under the
project directory.

NOTES:
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Location Studies

CHAPTER 9

This chapter provides an overall description of the location study process,

with a focus on study goals and objectives, study elements and their
interrelationships, and study process output. Detailed information regarding
elements of the location study methodology, tools, and procedures is contained
in associated chapters. This chapter also describes the correlation between
elements of the location study and environmental study processes. The
following information is discussed in the subsequent sections of this chapter:

» Goals and objectives

» Process and schedule

» Data collection and analysis requirements

» Conceptual alternatives development and evaluation process
» Construction staging/phasing considerations

» Coordination and review requirements

» Location study documentation requirements

9.1 Goals and Objectives

The goal of the location study process is to identify a technically preferred,
environmentally permittable, and publicly acceptable improvement plan
(recommended alternative) for a project. Location studies are performed
concurrently with associated environmental studies for projects that could
result in measurable changes in transportation mobility or access, or that
could have impacts on environmental resources. This may include projects
that consider routes on new alignment, roadway widening, facility type
changes, or interchange construction. Location studies facilitate early
consideration of environmental issues in the design development process
and provide the engineering detail required to support an evaluation of
environmental consequences and also to secure environmental approvals.

The location study process has the following objectives:

» Define the character, nature, and extent of the projects transportation
needs and solutions.

» Define the proposed scope, character, and basic design features
(number of lanes, access management) of the proposed improvement
plan on the basis of engineering requirements, economic
considerations (cost of improvement), environmental considerations,
and public input.

» Establish and evaluate a full range of conceptual alternatives.

» Support development of an environmentally sensitive recommended
alternative by integrating environmental considerations into the
location study process.

9.1
9.2

9.3
9.4
9.5

9.6

9.7
9.8

SHY

Goals and Objectives

Data Collection and
Analyses

Conceptual Design
Functional Design

Preliminary Location
Design

Construction Staging
and Phasing

Coordination

Location Study
Documentation

Materials to be Transmitted
to Design

This chapter provides

an overall description of the
Location Study process, with
a focus on study goals and
objectives, study elements and
their inter-relationships, and
study process output.
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» Through major deliverables (functional plans,
preliminary location design plans, location
report), provide design guidance for the
development of final design plans, specifications,
and agreements. The following design elements
and project requirements typically are defined
with location studies:

—  Basic location and facility type

—  Design criteria (cross section, including
number of lanes, edge of pavement, shoulders)

— Access management

study process are typically defined by prior studies
and additional analyses which establish the general
study area and the basic project concept. Prior studies
may include Project Definition Statements, Feasibility
Studies, or Major Investment Studies as follows:

» Project Definition Statements define the overall
process (feasibility or location), the types of
substudies that need to be completed, those who
should be included in the study process (and their
responsibilities), and the time period for the study.

» Feasibility Studies establish the

characteristics proposed corridor location or
—  Estimated project costs The goal of the facility characteristics.
_ Estimate of property location study » Major Investment Studies

impacts

— Interchange justification
report (when appropriate)

— Bicycle and pedestrian
features

—  Project management plan
for corridors greater than
$500 million

—  Preliminary wetland
impacts

— NEPA document
—  Least harmful analysis
—  Cultural and historic properties impacts

— Environmental commitments (green sheets)

9.1.1 Process

The location study process is iterative and
progressive in nature. It is a critical step in the
project development process leading to decision
points regarding the recommended alternative. Thus,
the location study process must allow for timely

and efficient consideration of environmental and
community issues and constraints to ensure design
acceptability, project permittability, and public
involvement of the recommended alternative.

The general context, scope, and focus of the location

process is to identify a
technically preferred,
environmentally
permittable, and publicly
acceptable improvement
plan (recommended
alternative) for a project.

establish project transportation
objectives and the range of
alternatives to be considered.

The location study process consists

of four distinct but interrelated steps:
Data Collection/Analysis, Conceptual
Design, Functional Design, and
Preliminary Location Design. Each step
includes engineering documentation
required to support related elements
of the NEPA process. The location study process, major
deliverables, and their relationship to the NEPA process
are depicted in Exhibits 9-1 and 9-2.

Engineering solutions should consider multiple
transportation issues (i.e., safety, geometric design
requirements, structural requirements, operational
characteristics, context sensitive solutions [CSS], public
input, constructability) in order to establish the scope,
effectiveness, technical feasibility, and costs of proposed
improvements. The development of alternative
solutions must be guided both by a clear understanding
of environmental and socioeconomic features and
constraints, and through effective coordination with
stakeholders, officials, and the public.

9.1.2 Schedule

The location study schedule should be directly related
to the associated environmental study process to allow
concurrent consideration of engineering requirements
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and environmental issues. It should also be noted that
location study schedules may be related to state or
federal transportation programs. In such cases, project
schedules must be carefully established to comply with
program commitments. Shared milestone events of the
location and environmental study process are shown
on Exhibit 9-1.

The typical schedule duration for location studies is
18 to 24 months for simple projects, 24 to 36 months
for complex projects.

9.2 Data Collection and Analyses

An early and ongoing element of the location study
process is data collection. Typically, data collection
begins with the initiation of the location study and
designation of corridor limits and a study area. Early

data collection efforts assist in developing a broad
understanding of the conditions surrounding the
study area, in identifying environmental constraints,
in evaluating transportation needs, and in developing
and evaluating conceptual alternatives. Supplemental
data may be required following identification of the
Build Alternatives to allow development of functional
design plans, and a more accurate assessment

of project design requirements and associated
environmental consequences.

A thorough analysis of the performance of the existing
facility is performed in the early stages of a location
study. This analysis is critical to building a clear (and
defensible) understanding of transportation needs.
The analysis also serves as the foundation for the
alternatives development process, aiding in identifying
the location and character of improvements required

Exhibit 9-1
The Location Study NEPA Process
TYPICAL PROCESS
SCHEDULE
DATA COLLECTION
2 CONCEPTUAL DESIGN
<
1]
>
™
>
.|
1]
|_
<
=
x
(@)
(4
o
o
<
PRELIMINARY
LOCATION
DESIGN

[N

NEPA
PROCESS (1)

DELIVERABLES

© Project Definition Statement
© Existing Conditions Report

PURPOSE
AND NEED

@ Guiding Principles Memorandum
© Conceptual Alternatives Memorandum

ALTERNATIVES
ENVIRONMENTAL
CONSEQUENCES

© Build Alternatives Memorandum
© Functional Plans

© Interchange Justification Report
O Location Report
© D2Plans

ENVIRONMENTAL
DOCUMENTATION

* FONSI/
ROD

Environmental documentation completion schedule would generally coincide with the Preliminary Design schedule, if completed as part of the Location Study process
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to address transportation performance issues in the
study area. Typical data requirements and existing
conditions analyses needs during the location study
process are identified in Exhibit 9-2.

The remainder of this section outlines data required
to perform location studies, the types of existing
conditions analyses performed, and the relevance of
the data and analyses to the study process.

9.2.1 Data Collection

Data requirements for location studies typically
include aerial photography and mapping,
engineering data, and environmental data.

Photography and Mapping

Aerial photography and a digital terrain model
(DTM) serve as the basis for developing conceptual
alternatives, including the conceptual, functional,
and preliminary location design plans. Depending
on the nature of the project and the level of design
development to be completed during the location
study process, either a planning DTM or design
quality DTM should be obtained.

The Project Manager, in coordination with the PMT
and photogrammetry section engineer, is responsible
for determining the type of photogrammetric mapping
to be developed for the location study process,
including requirements for any associated ground,
drainage, or hydraulic surveys. This should be
established as part of the project definition statement
or during the project scope development process.

Engineering Data

Various engineering data are required to support
development of engineering analyses and project
improvement plans. Generally, engineering data is
used to analyze operational, physical, and safety
characteristics of the study area, and then to support
conceptual alternatives and design development.

Data typically required to analyze transportation
needs includes:

CHAPTER 9

» Published transportation programs (Iowa DOT
5-year program, Metropolitan Planning
Organization [MPO]/ regional planning affiliation
[RPA] Long-Range Transportation Plan [LRTP])

» Traffic data (existing and forecasted)

» Origin-Destination survey (if required)

» Crash data

» Pavement composition and condition data

» Structure condition data and reports

» Existing geometric features (using as-built plans)
» Access management

» Utility information

» Sl and S2 soils reviews

» Other data as appropriate

Early engineering data are used to perform

a preliminary review of the condition of the
transportation system. This includes crash, geometric
design, capacity/operational, and infrastructure
condition analyses, and an analysis of the potential
causes of performance issues. This information is used
to develop an existing conditions memorandum.

Supplemental engineering data may be required
to support development of functional design plans
or preliminary location design plans. While data
needs will vary for each project, they may include
geotechnical data, traffic signal system data,
additional traffic count/forecast data, or off-system
as-built plans (such as those for development of
maintenance of traffic concepts).

Environmental Data

Information regarding environmental features

and constraints is required to ensure that project
development begins and evolves with a goal of
avoiding or minimizing environmental impacts. Of
particular concern in the early stages of alternatives
development are environmental issues of concern
from a “fatal flaw” perspective. This could include
sensitive habitat areas, threatened and endangered
species, wetlands, floodplains/ floodways, resources
regulated through Sections 4(f) or 6(f) (parklands,
historic resources), cultural resources, regulated
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Exhibit 9-2
The Location Study Process

DATA
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substances, or sensitive socioeconomic features
(existing and planned), including potential
environmental justice issues.

Environmental data may be compiled in several
stages, particularly for projects that include
consideration of multiple conceptual alternatives in a
large geographic area. For example:

» Early data collection efforts may be limited
to environmental database analyses and
windshield surveys/site reviews. This level of
data collection may be adequate to identify
potential environmental “fatal flaws” during
the development and evaluation of conceptual
alternatives. These data should be compiled
before conceptual alternatives are developed.

» More detailed environmental surveys typically
are conducted concurrently with development
of functional design for the alternatives retained
for detailed study. In addition to field surveys for
the environmental issues noted above, this would
include noise analyses and soils review. Detailed
environmental surveys should be performed at
the time when the general character, location,
and form of the proposed improvements are
defined, allowing efficient use of resources; for
example, detailed field studies concentrated only
in areas where impacts are likely.

9.2.2 Existing Conditions Analyses

Analyses of existing conditions typically include
crash, geometric design, capacity and operational,
and infrastructure condition analyses of the
transportation system. The object of such analyses

is to evaluate potential correlation between
performance issues (for example, possible
relationships between crash history and geometric
design), and to identify potential countermeasures.
These early analyses are critical to building a clear
understanding of transportation needs that will serve
to guide the development of the range and character
of suitable alternatives. Thus, these analyses often
serve as the basis for development of the project
purpose and need, and help to define the character of
improvement requirements.
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These early analyses are critical to
building a clear understanding of
transportation needs that will serve to
guide the development of the range and
character of suitable alternatives. Thus,
these analyses serve as the basis for
development of the project purpose and
need, and help to define the character of
improvement requirements.

A set of qualitative and quantitative design standards
should be developed by the project team based on
applicable DOT and American Association of State
Highway and Transportation Officials (AASHTO)
policies and design criteria. The analyses should
include consideration of existing system performance
both today and in the future project design year.
Analyses should be presented in a manner that
clearly identifies the location and character of
performance issues, and that can be adopted for use
in presentations and meetings with various agencies,
officials, and the public. The analysis of existing
conditions should be documented in the existing
conditions memorandum.

9.3 Conceptual Design

The conceptual design step consists of identifying,
developing, and evaluating a full range of potential
solutions (conceptual alternatives) for a project.
Conceptual design begins after project transportation
needs and objectives have been defined and
accepted, and after the general character and location
of environmental constraints have been identified.

Elements of the conceptual design step of the location
study process are illustrated in Exhibit 9-3. The
remainder of this section describes the conceptual
design objectives and elements, including their
relationship to associated environmental studies.

9.3.1 Objectives

The goal of conceptual design is to identify, in a
timely and efficient manner, the set of representative
alternatives (Build Alternatives) that address the project
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purpose and need, while minimizing adverse impacts. It
is at this time the No-Build Alternative is also evaluated.
Principal objectives of conceptual design are as follows:

» Identify and consider a full range of potential
solutions (conceptual alternatives) consistent
with project context, setting, and project design
standards that would address the project purpose
and need. At this stage, appropriate location,
design, and multimodal solutions should be
investigated. This minimizes the likelihood of
having to change course late in the location
study process.

» Ensure that design development stays rooted
in the environmental sequencing process
(avoidance, minimization, mitigation). In this
regard, design refinements should be made
where possible to avoid or minimize impacts.

» In compliance with lowa DOT procedures and
guidelines, encourage early stakeholder (public
and resource agency) input to the alternatives
development and evaluation process. This is
perhaps the most critical point in the location
study process—the point at which decisions
regarding the nature and character of proposed
improvements must be made. Early stakeholder
input is crucial for the following reasons:

—  The public’s perspective regarding
transportation needs can help to shape a
solid and defensible purpose and need, and
build public understanding and support for
the project.

—  The public and resource agencies’ input
regarding the range of alternatives to be
considered helps ensure that possible
solutions are explored early, and ultimately
helps build public understanding of the
rationale for selection of the reasonable
(build) alternatives.

9.3.2 Conceptual Design Elements

As noted, the goal of conceptual design is to identify
the general location and character of reasonable
alternatives (Build Alternatives) for detailed
consideration. At this early stage, design development
of each conceptual alternative should proceed only to
the level required to determine its ability to address
project purpose and need and to validate its’ overall
engineering feasibility and associated environmental
impacts. The conceptual design process comprises
three major elements:

Exhibit 9-3

Location Study Considerations: Conceptual Design

CONCEPTUAL DESIGN

o Guiding Principles

o ldentify Range of Alternatives
o Facility Type
o Modal Options
o Project Termini

o Conceptual Alternatives Developmer
o Alignment Concepts
o Facility Type and Sizing
o Access Location/Type

o Conceptual Alternatives Evaluation
o Compatibility with Purpose and Need
o Transportation Performance/Feasibility
o Environmental/Socio-Economic Impacts
o Financial Issues
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» Development of project design and
planning parameters

» Identification of the range of conceptual
alternatives to be considered

» Conceptual alternatives development
and evaluation

» The remainder of this section discusses the
individual elements of the conceptual design
process, their significance, and their relationship
to the environmental study process.

Procedures

The conceptual design process should be structured
to facilitate effective input from internal staff, FHWA,
affected resource agencies, and project stakeholders.
This should include early and continuing opportunities
for stakeholder input regarding the nature,
configuration, and performance of alternative solutions.

Formal review and endorsement of the guiding
principles should occur before conceptual alternatives
are developed. Formal review and acceptance of the
range of alternatives to be considered is required from
involved regulatory/resource agencies if the project is
developed with the NEPA/404 merged process.

Relationship to NEPA

The purpose and need statement
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The conceptual alternatives evaluation results should
serve as the basis for the project Build Alternatives.
Alternatives retained at this stage should show

the ability to meet purpose and need without the
potential for encountering unavoidable fatal flaws.

Deliverables

Typically, the design and planning parameters are
identified in the guiding principles memorandum,
which identifies project transportation needs and
objectives, explains the context of the corridor

in relationship to the broader transportation
network and project area, and defines the general
characteristics of potential improvements (facility
type and sizing, bypasses, multimodal options).
The guiding principles memorandum also identifies
design criteria and principles that will be used
throughout the design development process.

Guidance regarding conceptual design deliverable
requirements is discussed in Section 9.8.

9.4 Functional Design

Functional design begins with the identification of
Build Alternatives to be carried forward for detailed
consideration. The best performing alternatives
(those which address project purpose and need
while minimizing adverse
impacts) should be identified

should be developed using the
existing conditions report as

a source of information. The
document, together with the
Guiding Principles Memorandum
and public input, should be

used as the basis for identifying
and developing the range of
alternatives to be considered.

Alternatives should be screened
with early environmental research
and surveys, and with agency
coordination, to determine
whether they may have fatal flaws
that prevent further investigation.

The goals of functional
design are to provide
sufficient engineering
definition (of the Build
Alternatives) to allow
an evaluation of their
environmental and
socioeconomic impact,
provide engineering
guidance for subsequent
design development, and
support a decision on the
preferred alternative or

recommended alternative.

for detailed study on the basis
of project analyses and public
input. This should be closely
coordinated with the NEPA
process for identifying the
reasonable alternatives to be
considered in detail.

Elements of the functional
design step of the location
study process are illustrated
in Exhibit 9-4. The
remainder of this section
describes functional design
objectives and elements

and their relationship to the
environmental study process.
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9.4.1 Objectives

The goals of functional design are to provide
sufficient engineering definition (of the Build
Alternatives) to allow evaluation of their
environmental and socioeconomic impacts, to
provide engineering guidance for subsequent design
development, and to support a decision on the
Preferred Alternative or Recommended Alternative.

Principal objectives of functional design are as follows:

» Ensure that design development stays rooted
in the environmental sequencing process
(avoidance, minimization, and mitigation). In
this regard, refine the design where possible to
avoid or minimize impacts.

» Ensure that design characteristics of the facility
fit within the project’s context (e.g., context
sensitive solutions).

» Demonstrate an alternative’s technical
acceptability (i.e., compatibility with design
criteria and constructability), and define the

geometric, structural, drainage characteristics,
and preliminary mitigation needs of the Build
Alternatives in order to identify construction
footprint requirements and project costs.

Foster public involvement, and build public
understanding and support for project decisions
in the following ways:

—  Define potential direct (property acquisitions)
and related (aesthetic, permanent, or
temporary access modifications) impacts to
adjacent properties.

— Aim public outreach at those directly and
indirectly affected by a project. Where
appropriate, form working groups to provide
the public with a means to communicate
with the project team, ensuring that design
characteristics and construction methods
respect community values.

— Portray design concepts in a manner that
allows the public to readily understand or
visualize the proposed improvements.

Exhibit 9-4
Location Study Considerations: Functional Design

/

o Identification of Build Alternatives
© Build Alternatives Development

© Horizontal and Vertical Alignment

© Cross Sections Studies

o Interchangel/Intersection Design Concepts
© Multimodal Design Features

o Structural Design Concepts

o Drainage Design Concepts

© Maintenance of Traffic Concepts

© Roadway Footprint Requirements
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\
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\
\
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\
\
\
} o Build Alternatives Evaluation

‘ O Transportation Performance

| o Environmental/Socioeconomic Impacts

‘ o Financial Issues/Costs

} © Preliminary Construction Staging and Schedule
‘ o Project Costs and Funding

\

" o Identification of Preferred Alternative
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9.4.2 Functional Design Elements

The functional design process begins with the
identification of Build Alternatives, and includes
alternatives development (functional design plan
preparation) and evaluation. The remainder of this
section includes a discussion of the functional design
process and its relationship to the environmental
study process.

Issues Considered

At the end of the functional design stage, Build
Alternatives typically are developed to a level

of detail that provides adequate engineering
definition to support identification of the Preferred
Alternative (to be advanced to preliminary
location design development. Preliminary location
design is required to support identification of
environmental consequences.

Functional design typically includes development of
the following features:

» Geometric design

» Preliminary structural design
» Preliminary drainage design
» Maintenance of traffic

» Environmental footprint

The evaluation of Build Alternatives should include
consideration of a combination of transportation,
environmental, socioeconomic, and financial factors
aimed at evaluating and documenting the relative
performance and impacts of the Build Alternatives.
Specific evaluation measures could be qualitative or
quantitative in nature, and should be developed with
input from the project team and involved agencies as
appropriate. The evaluation results should be sufficient
to support identification of the Preferred Alternative.

Procedures

The functional design process should be structured to
facilitate effective input from both internal staff and
project stakeholders. This should include continuing
opportunities for stakeholder input regarding build
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alternative design features and their associated
impacts. lowa DOT staff and other involved agencies
should participate in the review of the functional
design plans and Build Alternatives evaluation
findings, as appropriate, before the identification of
Build Alternatives.

Relationship to NEPA Decisions

Alternatives identified for functional design are

those that would be identified in the environmental
document as those “carried forward for further
consideration” (Point 3) if the project is placed in the
NEPA/404 merged process. A detailed analysis of the
environmental impacts of the alternatives undergoing
functional design will be required. The conclusion of
the functional design phase of project development
may coincide with issuing an EA or Draft EIS.
Mitigation concepts for impacted environmental
resources may also be initiated during this phase.

Deliverables

The location report is the principal engineering
document delivered as part of the location study
process. Development of the location report should
commence at the beginning of the project and
continue through to the end of preliminary location
design. The report should document the following:
transportation issues, alternatives considered, rationale
for dismissal of alternatives, and selection of the
recommended alternative, project commitments,
project cost, agency coordination, and public
involvement activities. Information compiled as part
of stand-alone technical memorandums is generally
summarized and incorporated into the location report.
Location reports provide guidance to the preparation
of final design plans, right-of-way acquisition, and
preparation of interagency agreements. For projects
that involve changes in interstate access (as defined by
FHWA guidelines), an interchange justification report
should be prepared to secure FHWA approval of
recommended changes to interstate access. Guidance
regarding functional design deliverable requirements is
discussed in Section 9.8.
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9.5 Preliminary Location Design

Preliminary location design follows the identification
of the Preferred Alternative. The purpose of
preliminary location design is to advance the
functional design of the Preferred Alternative. This
level of development will occur during a location
study when further refinement of the Preferred
Alternative is required. The Preferred Alternative
should be advanced to the stage at which all or most
of the Field Exam Checklist information is provided
(see Office of Design, Design Manual, 1D-9 and
1D-10). The following information is required prior
to completion of preliminary location design:

» Preliminary TS&L for bridges and larger culverts
» Soils information, preferably completion of S-2

» Signed environmental document

Elements of preliminary location design, which is

to be completed with the location study process,

are illustrated in Exhibit 9-5. The remainder of

this section describes preliminary location design
objectives and elements, and their relationship to the
environmental study process.

9.5.1 Objectives

The goals of preliminary location design are to
provide sufficient engineering definition (of the
Preferred Alternative) to allow an evaluation of the
environmental and socioeconomic impacts of the
recommended alternative, and to provide guidance to
future design development efforts.

The goals of preliminary
location design are
to provide sufficient
engineering definition (of
the Preferred Alternative)
to allow an evaluation of
the environmental and
socioeconomic impacts
of the recommended
alternative, and to provide
guidance to future design
development efforts.

Exhibit 9-5

Location Study Considerations: Preliminary Location Design

PRELIMINARY LOCATION
DESIGN

o Preferred Alternative Design Development
O Preliminary Roadway Design
© Preliminary Structure Design
o Bridge Type, Size and Location Drawings
© Retaining Wall Types
o Culvert Location/Sizing
© Preliminary Drainage Design
o Preliminary Signing and Lighting

O Preliminary Maintenance of Traffic Plans

o Preferred Alternative Evaluation
o Design Exceptions
© Environmental/Socioeconomic Impacts
© Project Costs and Funding

© Preliminary Construction Staging and Schedule
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Principal objectives of preliminary location design are
to continue the following:

» Ensure that design development stays rooted
in the sequencing process (avoidance,
minimization, and mitigation). In this regard,
design refinements should be made where
possible to avoid or minimize impacts.

» Ensure that design characteristics of the facility
fit within the project’s context (i.e., context
sensitive solutions).

» Demonstrate an alternative’s technical
acceptability (i.e., compatibility with
design criteria, constructability) and define
the geometric, structural, and drainage
characteristics of the build alternative in order
to identify preliminary construction footprint
requirements and project costs.

» Include continued public involvement to build
public understanding and support for project
decisions. As design requirements are more
accurately developed through the preliminary
location design process, public outreach should
focus on communicating information of direct and
indirect impacts to adjacent communities, and on
soliciting stakeholder and public input on project
design features of interest to the community.

9.5.2 Preliminary Location Design Elements

The preliminary location design process begins
with the identification of the Preferred Alternative,
and includes development of preliminary location
design plans as required to support identification
of the recommended alternative. The remainder of
this section includes a discussion of the preliminary
location design process and relationship to the
environmental study process.

Issues Considered

Preliminary location design efforts should be
performed to support identification of environmental
consequences of the recommended alternative.
While the scope of preliminary location design
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efforts required may vary for individual projects, the
following elements of preliminary location design need
to be completed during the location study process:

» Preliminary location roadway design
» Preliminary location structure design
» Preliminary drainage design

» Signing and lighting concepts

» Maintenance of traffic concepts

» Preliminary utility conflicts 