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INTRODUCTION

IV

Traffic Impact Study Definition

A Traffic Impact Study is an evaluation of the congestion and safety effects of a
particular development on its surrounding and supporting transportation infrastructure. It
is performed to ascertain if a development will have an adverse impact on that
infrastructure and, if so, how that impact can be mitigated. The current Vermont Agency
of Transportation (VTrans) practice is one of not participating in the costs for any
mitigation measures.

Purpose of the Traffic Impact Study Guidelines

VTrans Development Review and Permitting Services is charged with the review of
Traffic Impact Studies for proposed development in the State of Vermont. This
document is provided as a guideline for Traffic Engineers preparing Traffic Impact
Studies to address the traffic impacts that development projects have on the ability of the
transportation infrastructure to handle those projects’ demands. It is also provided as a
reference for the VTrans Development Review and Permitting Services as well as other
professional(s) reviewing such analyses.

The information contained herein is meant to serve as a guide in the development of
Traffic Impact Studies. It should not be construed as all-inclusive regarding every
conceivable situation or technical application. It does not preclude the requesting of
additional supporting information. It is assumed and expected that those performing
these types of analyses are educated in and experienced with the literature and
methodologies referenced and will exercise good engineering judgment in reaching
meaningful and reasonable conclusions.

Recommended References

In addition to this guideline, it is recommended that Traffic Engineers preparing Traffic
Impact Studies also consult the Institute of Transportation Engineer's Proposed
Recommended Practice Transportation Impact Analysis for Site Development (ITE,
2010). The discussions of many aspects of preparing Traffic Impact Studies, especially
those labeled "Caution" and "Guidance," within the Proposed Recommended Practice are
excellent.

Large Complex Developments

In the case of large complex developments, preliminary discussions with VTrans
Development Review and Permitting Services is recommended. Such issues as Trip
Generation assumptions, geographic scope of study or VTrans' or local concerns should
be dealt with. The areas of agreement should be documented. Any changes that occur
due to changed circumstances should be documented, also. On smaller studies, phone
calls or e-mail may suffice to answer any questions.
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Departure from Traffic Impact Study Guidelines

Occasionally, Traffic Engineers engaged in preparing Traffic Impact Studies wish to
depart from the standards set forth in these Traffic Impact Study guidelines. Such
departures should be discussed beforehand with VTrans Development Review and
Permitting Services and be documented thoroughly in the Traffic Impact Study, including
appropriate data collected.

Variables for Estimating Trip Generation Rates

Data collected by the Institute of Transportation Engineers (ITE) indicate that Traffic
Impact Studies, as currently required by jurisdictions throughout the country, commonly
use the following variables (among others) to determine when the generated trips' trigger
a requirement for a traffic impact analysis:

= Specified number of peak hour trips
= Specified number of daily trips
= Specified number of dwelling units or square footage

There is little consistency in specific threshold quantities among various states’
guidelines for the first three criteria.

The Agency’s review staff exercises the discretion to determine the most appropriate
variable(s).

When is a Traffic Impact Study Required?

Generally, a traffic impact study should be considered when the proposed development
generates 75 or more peak hour trips directly accessing the State Highway System?.
Usually, the peak hour is considered to be the peak hour of adjacent street traffic. This
normally occurs on weekday evenings during the journey from work to home. However,
some land uses so dominate traffic that the peak hour may occur during the morning
commute time. Near large retail areas, the Saturday peak hour may represent the peak
hour of the week. In winter resort areas, the peak hour may occur on Fridays in the
evening, on Saturdays during the day or on Sundays in the afternoon. Determining the
peak hour requires knowledge of the proposed land use and of local traffic patterns.

In addition to peak hour considerations, there are situations where VTrans may set a
higher or lower threshold depending on such factors as directional distribution, peak hour
of the generator or existing traffic conditions. In addition, VTrans normally expects that
the geographic scope of the study includes the immediate access points, those
intersections or highway segments receiving 75 or more project generated peak hour

LA trip or trip end is a single or one direction vehicle movement with either the origin or the destination (exiting or
entering) inside a study site. For trip generation purposes, the total trip ends for a land use over a given period of
time are the total of all trips entering plus all trips exiting a site during a designated time period”, Source ;- Institute
of Transportation Engineers Trip Generation 7™ Edition, Volume 1 of 3, User’s Guide, page 11.

2 This could be A.M., P.M., or weekend peak hour trips, depending upon use. The specific number of trips (75) is
based on 19 V.S.A. Ch. 11 § 1111.
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trips, and those intersections or highway segments that may fail® as a result of the
development.

Furthermore, VTrans may request a Traffic Impact Study in additional instances, such as
when a development occurs in a sensitive* area or when financial assessments are
required, and the extent of impact must be determined.

Developments requiring a Traffic Impact Study come to the attention of Development
Review and Permitting Services from several different sources:

= Applications for Access Permits in accordance with 19 VSA Chapter 11 § 1111
= Act 250 Weekly Agenda of recent applications for an Act 250 permit

= Local Municipalities

= Regional Planning Commissions

Traffic Impact Study Request Protocol

Whenever a project requires a Traffic Impact Study, VTrans Development Review will
request the study directly from the applicant or through Act 250 via an Entry of
Appearance. Alternatively, the VTrans Permitting Services may request a study from the
applicant as part of the access permit process and then forward the study to Development
Review for review.

3 In general, those intersections or highway segments experiencing LOS "F."
4 The term "sensitive" refers to safety, traffic congestion, the environment, historical areas, development pressure or
any other, similar "sensitivity."
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TRAFFIC IMPACT STUDY ELEMENTS - CHECKLIST
I EXISTING CONDITIONS DATA AND ANALYSIS
Geometrics (Sketch Plans)

Speed Limit

Sight Distance

Crash Data

Committed VTrans Highway Improvements
Other Planned Developments

. Public Transportation Service

I @M Mmoo ® P
OO 0000t

Bicycle and Pedestrian Facilities
| PROJECT PARAMETERS

A. General Description

B. Site Plan/Layout/Circulation Plan

. Project Generated Traffic

OO o

C
D. Parking Demands
E

. Proposed Public Transportation Service

[]

F. Proposed Pedestrian and Bicycle Facilities

Il TRAFFIC PROJECTIONS FOR ACCESS (ES) AND OTHER STUDY
INTERSECTIONS AND HIGHWAY SECTIONS

A. Existing Traffic Data
B. Growth Factors
C. Traffic Projection Scenarios

D. Modal Split Analysis for Major Developments

O OO

E. Alternative Transportation Analyses
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F. Traffic Counts and Calculations in the Traffic Impact Study [ |
IV CAPACITY AND WARRANT ANALYSES
A. Capacity and Level of Service (LOS) Analyses

B. Proposed Geometric Features

1 O O

C. Signalization Warrant Analysis

\" CONSIDERATION OF BICYCLE AND PEDESTRIAN ACCESS AND
SAFETY

VI SAFETY ANALYSES

[]

A. VTrans High Crash Locations
B. Sight Distance
VI  SUMMARY OF FINDINGS

] O O

Vil IMPACT MITIGATION RECOMMENDATIONS
A. Recommended Geometric Improvements
B. Signal Installation or Re-timing Recommendations
C. Recommended Access Management Improvements

D. Recommended Transportation Demand Management (TDM)
measures (vanpools, ridesharing, flextime, etc.)

O Od O

E. Recommended Public Transportation, Pedestrian and Bicycle
Facilities

1 O

F. Monitoring Conditions
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TRAFFIC IMPACT STUDY ELEMENTS - DETAILS

I Existing Conditions Data and Analysis

A. Geometrics (Sketch Plans)

The Traffic Impact Study should address the geometric configuration for each
approach and each direction of an intersection at the point(s) of proposed access, and
at each intersection affected by the proposed project in terms of:

Traffic lanes including number of lanes, lane width, and lane usage (i.e., identify
through lanes, auxiliary lanes, shoulders/curbing, parking/type, etc.)

Gradient of the roadway and approaches

Operating issues including nearby intersecting roads and drives with associated
features

Traffic control devices including signalization, signing and pavement markings
that might affect or be affected by the project

Feature Inventory including sidewalks, crosswalks, bicycle lanes and shared use
paths, where applicable

Bus stops and/or shelters

Minimum Turning Path of Design Vehicles, following the AASHTO® Chapter 2
guidelines of selecting the design vehicle and measuring, recording and reporting
existing and proposed turning radii

A sketch plan showing these details is usually quite helpful in describing them

B. Speed Limit

Provide the speed limit, as well as operating or other appropriate measures of speed
identified for use in various analyses for the highway being accessed and for all
intersecting roadways, drives and streets.

C. Sight Distance

Sight distance considerations are indicated as follows:

1) In order to identify potential safety concerns, the Traffic Impact Study shall

address, measure and record any and/or all applicable elements of sight
distance(s) throughout the limits of the project always in relation to the
corresponding posted speed limit. The content of the Traffic Impact Study shall
follow the AASHTO? Chapter 3 guidelines in terms of:

= Stopping Sight Distance
= Passing Sight Distance
= Intersection Sight Distance (i.e., Corner Sight Distance) at all intersections.

5 AASHTO — A Policy on Geometric Design of Highways and Streets, latest edition
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The Traffic Impact Study shall be exempted from compliance with the AASHTO
procedures for recording and reporting any and/or all the elements of Sight

Distance wherever the roadway alignment is horizontally straight and vertically
flat.

The Traffic Impact Study shall instead address all the elements of Sight Distance,
with sufficient and liable engineering judgment, criteria and site photographs to
support any statement that the Traffic Impact Study makes in reference to the
safety and appropriateness of any and/or all the elements of Sight Distance and/or
the necessary mitigation(s) to provide and/or maintain all the elements of Sight
Distance within the AASHTO recommended values.

The Traffic Impact Study shall always address and propose mitigations to
“obstructions to all element of sight distance” taking into consideration the effect
that the weather, seasons and presence or absence of daylight and street
illumination have on such obstructions.

. Crash Data

The Traffic Impact Study should note whether the highway section or intersection
being analyzed is a VTrans High Crash Location (HCL). The VTrans High Crash
Location Report is available from the VTrans Highway Research Unit

The current policy for including crash records in VTrans listings is crashes involving
personal injury or fatality. All police-reported crashes are included in VTrans crash
listings.

1)

2)

3)

Crash data should include the following:

= Crash analysis for the point of access and along the highway system as
appropriate, in order to identify existing areas of high crash incidence and
patterns that might be affected by the project.

= Generally, the most recent five-year history of crash data, derived from police
reported crashes, should be used to provide as statistically reliable a
representation as possible of current conditions.

* (Crashes involving pedestrians and bicyclists should be included.

Crash rate formulas are shown in the VTrans High Crash Location Report. Crash rates

should be presented as follows:

= For sections, number of crashes per million vehicle miles of travel
(Acc/MVM)

= For intersections, number of crashes per total number (million) of entering
vehicles (Acc/MV)

Summary crash listings are available on the VTrans Highway Research Unit
website for the following locations:

= Highways on the State System
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= (Class 1 Town Highways through various village and/or urban areas
= Federal Aid Urban (FAU) Highways
= Town Highway Major Collectors

4) Also available from VTrans Highway Research Unit

= Abbreviated listings for crashes on all other facilities
= Average summary statistics for various highway classes

. Committed VTrans Highway Improvements

These may include projects on the Agency of Transportation's "Construction
Program" or improvements as a result of other developments in the area.

The Traffic Impact Study should address:

1) The impact that other Pending or Planned Highway Improvements Project(s) may
have on the Development for which the Traffic Impact Study is performed.

2) The impact that the Development for which the Traffic Impact Study is performed
may have on other Pending or Planned Highway Improvements Project(s).

. Other Planned Developments

The Traffic Impact Study should include, in the appropriate scenario(s), the number
of trips generated by:

1) Other permitted but not yet built developments

These vehicle trip estimates and their distributions can normally be obtained from
traffic studies that have already been prepared for those developments.

2) Other planned-but-not-yet-permitted developments

VTrans encourages the practice of researching and including the number of trips
generated by that are in the permitting stage. Since development parameters often
change during the permitting process, whether trips from such developments
should be included in the Traffic Impact Study is a matter to be discussed with
VTrans Development Review and Permitting Services.

. Public Transportation Service

Provide information on existing and planned public transportation routes and
schedules as well as bus stop locations that could serve the proposed development.
This information may be obtained from the local Public Transportation provider or
from VTrans Public Transit Section. The term "planned" in this context refers to new
or expanded routes that are linked to a reasonably foreseeable funding program (e.g.,
Private funds, New Starts, JARC etc.). If no services exist, this should be so noted.

. Bicycle and Pedestrian Facilities
The Traffic Impact Study should also include the following:
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1) Existing and committed bicycle and pedestrian facilities

Provide information on existing and committed bicycle and pedestrian facilities in
the area. This information may be obtained from the local municipality or from
the VTrans Bicycle and Pedestrian Program. The term "committed" in this context
refers to facilities for which funding exists. If no such facilities exist, this should
be so noted.

2) “Safe Routes to School Program” facilities

If a project area includes a designated “Safe Route to School” or other popular
pathway, these should be described in the Existing Conditions section of the TIS.

Refer to the following link for more information: Safe Routes to School

Project Parameters

A. General Description

A general description of the project, including land use type (ITE LUC) and size is
necessary. Also, a discussion of construction constraints or other elements affecting
site layout are helpful aids in understanding specific features not readily apparent.

B. Site Plan/Layout/Circulation Plan

Plans or layouts of the development site, preferably to scale, showing its relationship
to the adjacent transportation network and other pertinent physical features, including
bicycle and pedestrian facilities, should be provided. Provision for public
transportation should be noted, as well as access and circulation.

C. Project Generated Traffic

With respect to Trip Generation, the Traffic Impact Study needs to include the
following,:

1) Trip Generation Rates

Trip Generation involves using estimated trip rates based on known relationships

obtained from various studies around the country. ITE maintains a fairly

extensive database of trip rates for various types of developments. These trip rates

represent the number of trip ends (essentially this is the number of vehicles

entering and exiting a site during a given time period) generated based on an

independent unit of land use or activity such as:

= Acreage for large industrial/commercial sites

= Square footage for well-defined industrial/commercial and retail types of land
use

= Number of employees for employment in general

= The number of occupied/units for various types of residential housing or
lodging

= Others as correlation indicates appropriate
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Total Number of Trips

The number of vehicle trips generated as a result of summing the product of the
trip rate times the magnitude of development for each land use represents the total
number of trips directly accessing the site.

The Trip Generation Handbook, ‘“an Institute of Transportation Engineers
Recommended Practice”, March 2001, Chapter 5, page 27, defines the various
descriptions of trips as follows:

= Pass-by trips are made as intermediate stops on the way from an origin to a
primary trip destination without a route diversion. Pass-by trips are attracted
from traffic passing the site on an adjacent street or roadway that offers direct
access to the generator. Pass-by trips are not diverted from another roadway.
Pass-by trips do not involve a route diversion to enter the site driveway.

= Non-pass-by trips are simply all trips generated by the site that are not pass-by
trips. This term is sometimes used when diverted linked trips are not
tabulated separately from primary trips.

= Primary trips (new trips) are trips made for the specific purpose of visiting the
generator. The stop at the generator is the primary reason for the trip. The trip
typically goes from origin to generator and then returns to the origin. For
example, a home-to-shopping-to home combination of trips is a primary trip
set.

= Diverted Link Trips are trips that are attracted from the traffic volume on
roadways within the vicinity of the generator but that require a diversion from
that roadway to another roadway to gain access to the site. These trips could
travel on highways or freeways adjacent to a generator, but without access to
the generator. Diverted trips add traffic to streets adjacent to a site but may not
add traffic the area’s major travel routes (see Figure 5.1 Trip Generation
Handbook, an Institute of Transportation Engineers Recommended Practice,
March 2001, Chapter 5, page 27). Both pass-by and diverted trips may be part
of a multiple-stop chain of trips.

Local Trip Generation Rates

The use of local Trip Generation rates is preferable to using ITE Trip Generation
rates or equations, but only where sufficient data has been collected at specific
sites to insure statistical reliability. When it is desired to use local rates, a
preliminary discussion with the reviewer at VTrans is quite helpful in reducing
review times. The consultant should be prepared to present the complete data
on which the use of local Trip Generation rates is based and to demonstrate
that the sites selected for analysis are comparable to the proposed site in size,
location and traffic characteristics.

"Grandfathered" Trip Generation

VTrans Development Review and Permitting Services does not accept the theory
that a given development has a Trip Generation allocation good for all subsequent
metamorphoses of the development. Nobody can “own” a piece of traffic flow or
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have a vested interest in a public highway, see Ehrhart v. Agency of
Transportation,  Vt. ;904 A.2d 1200, 2006 VT. Therefore, developers
take the situation as they find it and base their analyses and mitigation proposals
on existing site Trip Generation plus reasonably projected Trip Generation due to
the development or redevelopment proposal.

5) Traffic Distribution Methods

Traffic Distribution Methodologies used to distribute and assign the generated
traffic may be as straight forward as basing directional splits on patterns of nearby
similar generators or existing background traffic patterns or as complex as
applying more sophisticated distribution using the Gravity Model in conjunction
with “Shortest Path” or “User Equilibrium Assignment” models for large more
complex projects, which often involve the use of computer programs developed
for these purposes.

6) Public Transportation

The Traffic Impact Study should address the existence or possible availability of
public transportation to estimate the percent of trips that could potentially be
diverted to public transportation.

7) Modal Split Analysis

For any proposed development where public transportation service either exists or
could be made available and where there is a co-operative and comprehensive
transportation planning process as well as appropriate modeling tools, a modal
split analysis should be undertaken to estimate the percent of trips that could
potentially be diverted to public transportation.

8) Bicycle and Pedestrian Generated Trips

Bicycle and pedestrian generated trips should also be estimated using appropriate
methodology®. Such an analysis should be realistic in its projections and
preferably should be compared to services at similar developments in the area.

D. Parking Demands

The number of parking spaces generally depends on peak traffic generation and turn-
over rate of the land use being served. Adequate parking is necessary to ensure that
the public highway is not affected by overflow parking needs during peak demand
periods.

The Traffic Impact Study should describe the consistency of on-site parking supply
with the proposed demand in relation to the trip generation, keeping in mind that
parking demands for urban sites are quite different from suburban sites.

¢ FHWA Guidebook on Methods to Estimate Non-Motorized Travel: Supporting Documentation (FHW A-RD-98-
166) and Overview of Methods (FHWA-RD-98-165), July 1999.
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The Traffic Impact Study should include:

= Anticipated parking demands, including bicycle parking

= A plan or layout of the site identifying parking areas in respect to internal
circulation patterns and access to the highway/street system

= Any proposed, new or modified access to the highway/street system shall be
performed in conformance with the VTrans Access Management Guidelines,
specifically addressing the number of accesses, proper driveway throat design,
parking/roadway interactions and driveway spacing.

= Parking demands should also comply with Local Regulations, where
applicable

= An attempt should be made to reconcile parking estimates with Trip
Generation estimates

The Agency of Natural Resources (ANR) presently uses the number of parking
spaces as a mechanism for requiring submittal of an Air Quality Permit and should be
contacted for specific criteria in this regard.

. Planned Phasing

Any planned phasing of a development should be clearly identified. If the Traffic
Impact Study does not clearly identify the development phases, or the project is
planned as one unit, then impacts at full build-out should be addressed. Otherwise, as
each lot or other unit in a development is proposed, an updated traffic study is
required to address and include cumulative impacts of the development up to that
point, including the element(s) being added. For further discussion on this topic see
Appendix D: Large, Long-Term, Multi-Use Developments

. Proposed Public Transportation Service

In cases where the proposed development will be served by an existing, expanded or
a new public transportation route, the site layout should be designed to accommodate
buses entering, transiting and exiting the site. In addition, the proposed new or
expanded route should be noted as well as bus stop locations.

When public transportation is indicated as a mitigation measure, the Traffic Impact
Study shall produce written assurance from the transit provider of its intent to serve
the site/project and that adequate capacity exists to service the development.

. Proposed Pedestrian and Bicycle Facilities

If it is proposed that the development be connected to planned or committed
pedestrian or bicycle facilities, that the details of such connections should be shown.
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Traffic Projections for Access(es) and Other Study Intersections
and Highway Sections

A. Existing Traffic Data (AADT and DHV)

1) Annual Average Daily Traffic (AADT)

The AADT is a fundamental statistic for developing the Traffic Impact Study.
The VTrans Traffic Research Unit annually calculates the AADT on each
segment of state highway in the State of Vermont and on some local roads. These
AADTs are available in the VTrans Route Log AADT publications which are
separately published for Major Collector, Federal Aid Urban Streets and State
Highways. Available on the Internet at:

http://vtrans.vermont.gov/operations/technical-services/traffic

In the Route Log AADT Publications, the AADTs are followed by an "A" or an
HE."

a) VTrans AADT (A) - from Actual Count

These AADTs are calculated from actual recent Automatic Traffic Recorder
(ATR) counts and are identified in the Route Log with an "A" beside the
AADT.

b) VTrans AADT (E) - from Estimated Counts

These AADTs are derived from growth factors applied to prior year AADTs,
or from actual counts taken in neighboring sections used in conjunction with
appropriate turning movement traffic volumes. Estimated AADTs are
identified in the Route Log with an "E" beside the AADT.

Estimated AADTs are sufficiently accurate for estimating annual Vehicle
Miles of Travel (VMT) for the Highway Performance Monitoring System
(HPMS). They are not sufficiently accurate for estimating DHVs for
Traffic Impact Studies.

Conducting ATR counts to calculate AADTs

When Traffic Impact Studies involve segments of roadway for which an
actual AADT has not been calculated, it is recommended that the applicant
conduct an automatic traffic recorder count (ATR) and calculate an AADT.

Before working in the State’s right-of-way, it is important to obtain a
Highway Permit. Contact the VTrans Utilities and Permits Unit at
http://vtrans.vermont.gov/planning/permitting or (802) 828-2485 for a
Highway Permit application.
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Upon completion of the count, apply appropriate seasonal factors contained in
the VTrans Traffic Research Unit Publication "Continuous Traffic Counter
(CTC) Grouping Study and Regression Analysis" (a.k.a., the "Red Book."),
available at:

Traffic Research Unit "Redbook" (latest edition)

Demonstrate and document the procedures used in calculating the AADT.

2) Design Hourly Volume (DHV)

The DHYV is generally the 30th highest hourly volume during the year. It is a
value that, in conjunction with turning movement counts, roadway classification
and roadway geometry, is used to develop a traffic distribution pattern for existing
and future scenarios, and, in turn, estimate the Level of Service (LOS) of a project
site.

Since it is impractical to design a highway for the highest volume encountered
during the year, highway engineers have sought a compromise between capacity
and cost. Thus, a highway is designed for the 30th highest hourly volume of the
year, commonly known as the "Design Hour Volume" (DHV). Several
techniques have been developed for estimating the DHV. The applicability of
each technique depends on the existence, number and reliability of traffic
counters.

The following is a list from VTrans most-preferred to the least-preferred method
to obtain a DHV based on the availability, collected data size, type and recentness
of the traffic stations.

a) Use the DHV from a Continuous Traffic Counter (CTC)

This method is applicable when there is a CTC so ideally located in relation to
the new project that the DHV from such counter can be considered without
any doubt as the DHV for the development in question. Refer to the CTC
Summary in the Red Book for a list of CTC sites and their DHVs.

b) Use the %k from a Continuous Traffic Counter (CTC)

This method is applicable when there is a CTC along the project route, but not
directly in the project area, and the AADTs in the area are known and based
on actual counts. The CTC should be within a reasonable distance of the
proposed development. A CTC located outside the project region is unlikely
to represent traffic in the project area and should not be used without
quantitative justification.

¢) VTrans “Alternative DHV Determination Method” by Poll Group
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This method is applicable when there is no CTC site in the project area and
the AADTs in the area are based on actual counts. Refer to the Alternative
DHYV Determination Method procedure in the back of the Red Book.

Note: The Alternative DHV Determination Method is not applicable to Poll
Group 6: Summer/Winter Recreational — TH. For these recreational town
highways, use only DHVs or k factors from specific CTCs. Future editions of
the Red Book will make a note to this effect.

d) “CTC Method”

This method is only applicable under the same conditions as the method of
using the %k from a Continuous Traffic Counter (method b, above.) Refer to
Appendix K: CTC Method for Calculating the DHV Factor.

e) DHV Determination Based on AADT and Highway Class

This method is applicable under the same conditions as the Alternative DHV
Determination Method above but is not the preferred method. Refer to the
DHYV Determination Based on AADT and Highway Class chart in the back of
the Red Book.

3) Directional Design Hour Volume (DDHV)

The Design Hour Volume (DHV) needs to be broken down by direction to
produce the Directional Design Hour Volume (DDHV). Turning movement
counts are quite helpful in this regard.

4) Design Hour Turning Movements

Turning movements to be used in LOS analyses should be adjusted to match the
Design Hour Volume on the appropriate approach. If more than one approach has
a calculated DHV, then the Design Hour Turning Movements can be adjusted to
meet the DHVs using Kruithof’s algorithm’. The Fratar method and least squares
approaches can also be applied in these cases.

5) AM and PM Directional Distribution (%D)

The %D represents the variation of traffic pattern with time. It helps to determine
the most representative peak hour, i.e., AM or PM. It is normally used in
geometric and LOS analyses and it is an important factor in selecting the proper
signalization timing patterns throughout the day in locations where pre-set timed
signals are still in use.

7 Schaefer, Mark C., "Estimation of Intersection Turning Movements from Approach Counts," ITE JOURNAL, Vol.
58, #10, October, 1988, pp 41-46
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6) Truck Traffic (%T)

The %T pertains to the peak hour. It is an important parameter that can be used to
translate the number of trucks into an equivalent number of passenger cars as a
means to simplify the LOS analysis.

B. Growth Factors

Growth factors are obtained from a population of AADTs recorded by CTCs. The
AADTs are grouped by roadway class and used to perform a regression analysis. The
growth factor aids in forecasting future traffic based on a traffic trend that is updated
every year. The same problems described above with regard to DHV calculations also
occurs here in selecting growth factors. In the Traffic Impact Study itself, the growth
assumptions should be clearly described and growth factors clearly indicated.

To select an appropriate growth factor, refer to the Regression Analysis Report in the
Red Book. Select the appropriate regression analysis group or site for the project
location.

C. Traffic Projection Scenarios

1) Construction Year No-Build

The Traffic Impact Study should establish a baseline traffic data representing
existing highway conditions for the year the development/phases are to be
constructed/commence operation.

Traffic impacts during construction can be significant, as they usually include
many truck trips. If construction traffic is expected to be significant, VTrans
requires that the Traffic Impact Study include a “Construction Period Traffic
Analysis” with traffic mitigation measurements for High Construction Traffic
Impact Developments (HCTID)?® that includes the construction generated traffic.

2) Construction Year Build (Construction Year No-Build plus project generated
traffic)

The Traffic Impact Study should include a Construction Year Build projection
combining traffic from the Construction Year No-Build projection and the project
generated traffic.

3) Planning Year No-Build (generally five (5) years after the construction year)

The Traffic Impact Study should include a No-Build planning projection of the
baseline traffic at least five (5) years from the construction year. This may be
extended for phased developments.

8 HCTID: Developments whose construction schedules span more than one year, and/or generate 75 or more truck
trips per day during two consecutive months during any phase of the construction schedule, and/or require more than
one event of traffic-detour for more than 5 consecutive working days during any phase of the construction schedule.
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This is important because:

= [t provides a reference to determine how this site’s traffic, or any nearby site
affected by the proposed development, will impact the overall traffic
conditions in the future without the proposed development.

= It helps in determining the additional improvements that this site, or any
nearby site affected by the proposed development, will need in the future to
provide sufficient site access and capacity for passing traffic without the
proposed development

= Jt is used to ensure that the present system, as well as any improvements, are
not obsolete as soon as or shortly after the development is in place and to
include those improvements that nearby sites would have already needed in
the future regardless of the proposed development.

= In addition, this type of analysis allows the developer to follow the project or
site as it matures, not in regard to any planned phasing, but as related to
establishing full development of a site's potential as in the case of lots in an
industrial/commercial park, stores/shops in a shopping mall, building of
houses in a subdivision, etc.

4) Planning Year Build (Planning Year No-Build plus project generated traffic)

The Traffic Impact Study should include a Planning Year Build projection
combining traffic from the Planning Year No-Build projection and the project
generated traffic.

D. Modal Split Analysis for Major Developments

For major developments® where public transportation service either exists or could be
made available and where there is a co-operative and comprehensive transportation
planning process as well as appropriate modeling tools, a modal split analysis should
be undertaken to estimate the percent of trips that could potentially be diverted to
public transportation. Such an analysis should be realistic in its projections and,
preferable, should be compared to services at similar developments in the area.

E. Alternative Transportation Analyses

1) Bicycle and Pedestrian

Bicycle and pedestrian generated trips should also be estimated using appropriate
methodology'®. Again, such an analysis should be realistic in its projections and
preferably should be compared to services at similar developments in the area.

9 The parameters for a major development have yet to be developed, but an example would be a Wal*Mart.
1" FHWA Guidebook on Methods to Estimate Non-Motorized Travel: Supporting Documentation (FHW A-RD-98-
166) and Overview of Methods (FHWA-RD-98-165), July 1999.
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2) Transportation Demand Management (TDM)

Transportation Demand Management strategies include such activities as flexible
work hours, carpooling and van pooling and ride matching services. As such,
they are designed to reduce travel by manipulating demand for travel. A partial
list of such strategies is contained in the attachment to the Level of Service
Policy, Appendix E. If these strategies are recommended for consideration in
mitigating the impacts of a development, an estimate of their efficacy is needed.
Again, such an analysis should be realistic in its projections and preferably should
be compared to services at similar developments in the area.

F. Traffic Counts and Calculations in the Traffic Impact Study

To hasten the Traffic Impact Study review process, counts done by the consultant
should be included in the study, unadjusted. The counts should be labeled with the
date they were done, and the count location. Data calculations should be clearly
documented in the study, e.g., derivation of DHV and growth factors.

Capacity and Warrant Analyses

The intent of this study element is to provide commonly understood analyses of the
impact of development traffic on the transportation system. Also, if the transportation
system is shown to be inadequate in light of the proposed development, then proposed
mitigation measures need to be addressed.

A. Capacity and Level of Service (LOS) Analyses

Capacity and level of service (LOS) analyses should be performed for intersections
and highway sections being studied to address the construction and planning years for
the no-build and build traffic scenarios. If mitigation is shown to be necessary, then
additional LOS analyses are needed to show the results with proposed mitigation.
When a Traffic Impact Study is submitted for review, the particular software package
used to calculate the LOS needs to be clearly indicated, including the version number.

VTrans recommends using the capacity and LOS methods described in the most
recent edition of the Transportation Research Board’s Highway Capacity Manual,
Special Report 209. VTrans recommends using the DHV for capacity and LOS
analyses with a time period of one hour and peak hour factors of 1.0.

VTrans has a Policy on Level of Service, as follows:

It is the agency’s policy to design its highways and to require others accessing its
facilities to effect improvements that will maintain a LOS “C” for the prescribed
design period. In interpreting this policy, LOS refers to the overall LOS for the
particular facility as defined in the latest HCM. LOS is defined as a quality
measure for various highway facilities, including freeways, two-lane rural
highways, signalized and un-signalized intersections.

For the complete Level of Service Policy, see Appendix E: Level of Service Policy.
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B. Proposed Geometric Features

1)

2)

3)

4)

)

6)

7)

Immediate Access Design

New accesses should be designed to Vermont's B-71 standards. New accesses and
changes in access onto State Highways must be approved by the VTrans Utilities
and Permits Unit. Refer to Appendix A for links to VTrans access management
publications.

Left and Right Turn Lane Warrant Analyses

Left-turn lane warrants and design considerations should be checked for un-
signalized intersections. Refer to the VTrans guidance for left turn lanes at
unsignalized intersections Appendix H.

Right-turn lane warrants and design considerations addressing the need for any
additional lanes should be checked using VTrans warrant for Right Turn
Auxiliary Lanes. Refer to Appendix I.

Queuing Length Analysis

The Traffic Impact Study should perform a Queuing Analysis in all scenarios
assuming vehicle length of 25 feet and 95% percentile queue length.

Storage lengths

The Traffic Impact Study should check all scenarios-“storage lengths vs. length of
queue" and propose mitigation to cure any deficiency.

Merging, Acceleration, and Deceleration lanes

The Traffic Impact Study should address, particularly on high speed roads, the
need for Merging, Acceleration and/or Deceleration Lanes. Any, addition or
modification to these lanes, shall be supported with an analysis of the impact that
their modification or addition has on the corridor.

Signing and Pavement Marking

The Traffic Impact Study should investigate if the subject development will
require modifications and/or additions to the existing roadway signs and
pavement markings. Should the subject project so require, the Traffic Impact
Study should include an Existing Signing and Marking Survey and conform to the
Manual of Uniform Traffic Control Devices latest edition, for code reference and
for the design of the proposed addition and or modification.

Sight Distance

The Traffic Impact Study should address sight distance issues, implement at least
a minimum standard-compliance and