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1.0 INTRODUCTION

The US 2-Badrock Canyon Corridor Planning Study area includes 2.4 miles of US Highway 2
beginning at Reference Post (RP) 140.0 and ending at RP 142.4. The study area is located within
Sections 6 and 7, Township 30 North, Range 19 West, Montana Meridian and Sections 1, 2, 11
and 12, Township 30 North, Range 20 West, Montana Meridian, within Flathead County. Figure
1-1 illustrates the study area.
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Figure 1-1 Study Area
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1.1 Previous Planning Efforts in US 2 - Badrock Canyon Corridor

In 1995, the Columbia Heights-Hungry Horse Final Environmental Impact Statement (FEIS) /
Section 4(f) Evaluation was completed to assess the impacts of reconstructing 4.5 miles of US 2
from approximate RP 138.3 to RP 142.7 between Columbia Heights and Hungry Horse in
Flathead County, Montana. The Federal Highway Administration (FHWA) signed a Record of
Decision (ROD) on the FEIS on December 22, 1995. The ROD approved Alternative 1, which
entailed a four- and five-lane design for the reconstruction of US 2. Pursuant to the FEIS, MDT
initiated two reconstruction projects within the Columbia Heights-Hungry Horse corridor. The
Columbia Heights-East project extended from RP 138.3 to RP 140.1, and the Hungry Horse-
West project extended from RP 140.1 to RP 142.7.

In the years following completion of the Columbia Heights-Hungry Horse FEIS and ROD,
Flathead County experienced substantial growth, which resulted in the need to update traffic
volumes and accident rates. Federal and state regulations relevant to some of the project
activities had changed. Additionally, other concerns were identified that required MDT to make
minor design modifications or that had the potential to dictate new and more notable project
design changes. Some of these design activities resulted in more accurate quantification of the
environmental effects disclosed in the FEIS. Lastly, controversy surrounded the alternative
approved in the ROD. For these reasons, MDT conducted an Environmental Re-evaluation of
the FEIS and Section 4(f) Evaluation in 2002.

The Re-evaluation concluded that the FEIS adequately described the impacts associated with
reconstruction of US 2 within the limits of the Columbia Heights-East project. This
reconstruction project proceeded and was completed in 2004. The Re-evaluation also
concluded the FEIS adequately discussed the environmental effects of building a new bridge
across the South Fork of the Flathead River (referred to in this report as the South Fork Flathead
River Bridge). The Re-evaluation found that the preferred alternative discussion in the FEIS and
ROD did not adequately address environmental effects of reconstructing US 2 through Badrock
Canyon (RP 140.1 to RP 141.2) on an alignment that minimized or totally avoided rock
excavation near Berne Memorial Park. Since the Re-evaluation, additional information was
identified regarding Native American cultural concerns in the area and potential impacts to a
natural gas transmission pipeline. The Re-evaluation called for a Supplemental Environmental

Impact Statement (SEIS) to be prepared for this segment of the corridor.
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In early 2011, members of communities in proximity to Badrock Canyon (broadly referred to in
this report as the “canyon community”) approached MDT regarding potential improvements to
US 2 through Badrock Canyon. In lieu of preparing a SEIS at that time, MDT hosted an
informational meeting in May 2011 to identify community concerns within the corridor. Based
on comments provided during the meeting as well as written comments submitted during the
comment period from May 12 to May 20, 2011, MDT determined there was local interest in
pursuing further analysis of the corridor. This effort, referred to as Phase |, was completed in
June 2011. Phase Il entails completion of the corridor planning study process for the portion
of the US 2 corridor between RP 140.0 and RP 142.4.

1.2 Linking Transportation Planning and Environmental
Compliance

FHWA guidance on linking transportation planning and environmental analysis notes

transportation planning can be used to limit the number of potential solutions evaluated during

the National and Montana Environmental Policy Act (NEPA/MEPA) process. A planning study

can provide a basis for early screening, allowing exclusive focus on reasonable, feasible

alternatives during the NEPA/MEPA process.

This report documents the planning level screening process used in the US 2-Badrock Canyon
corridor with the intent of fulfilling future NEPA/MEPA requirements. The report identifies
potential improvement options, defines qualitative screening criteria, and presents a planning
level evaluation of options in the corridor. The findings and recommendations provided in this
report can be used to streamline a future SEIS effort if MDT pursues improvements in the

corridor.

1.3 Background

Alternatives identified in the FEIS were used as a starting point for the US 2 — Badrock Canyon
Corridor Study. The FEIS initially considered transportation system management (TSM), transit,
alternate routes, reconstruction of the existing alignment, tunnel construction, construction of

a grade-separated facility, and closing US 2.

The FEIS identified reconstruction of the existing US 2 alighnment as the only reasonable
alternative. All other alternatives were eliminated from further consideration due to
constructability challenges, impracticality, high costs and/or failure to improve conditions in the

corridor. The FEIS analyzed several roadway configurations to reconstruct the existing US 2
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alignment, including an improved two-lane highway, a two-lane highway with a center left-turn
lane, an undivided four-lane highway, and a four-lane highway with a center left-turn lane. A
four-lane highway involving rock excavation in Badrock Canyon was recommended throughout
the corridor (with a center left-turn lane from Columbia Heights to Berne Road [RP 140.3%])
based on anticipated traffic projections at that time, which indicated four travel lanes would be
needed for the highway to operate at an acceptable LOS B in the FEIS design year of 2010.

1.4 Factoring in Corridor Needs and Objectives

Needs and objectives for the US 2 — Badrock Canyon Corridor Planning Study were developed
through a review of baseline data provided in the FEIS and Re-evaluation, existing and
projected conditions identified through the corridor planning study process, consideration of
input from members of the public and resource agencies, and coordination with the study
advisory committee, including representatives from the Confederated Salish and Kootenai
Tribes (CSKT), Flathead County, City of Columbia Falls, and the canyon community. The corridor
planning study team identified a range of potential improvement options to address corridor
safety and operational needs and objectives relating to roadway geometry, the South Fork
Flathead River Bridge, roadside safety and traffic control devices, drainage conditions, traffic
operations, and non-motorized usage in the corridor. The planning team also attempted to
identify improvements that would minimize adverse impacts to sensitive resources in the
corridor and consider other limiting factors, including utility conflicts, construction feasibility,

and funding availability. Needs, objectives, and other considerations are listed below.
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Objectives:
la
1.b

1l.c
1.d

l.e
1.f

Need 2:

Objectives:
2.a

2.b
2.C

2.d
2.e

Improvement Options Report

Improve the safety and operation of the US 2 roadway facility within the study
area for all users, where practicable.

Improve roadway elements to meet current MDT design standards.

Provide a South Fork Flathead River Bridge structure that meets current MDT design
standards.

Provide appropriate guardrail and signing based on current design guidelines.
Provide appropriate drainage facilities throughout the corridor to minimize water
and ice on the roadway.

Provide desirable Level of Service (LOS) through the planning horizon year of 2035.
Provide opportunities for non-motorized usage in the corridor.

Minimize adverse impacts from improvements to the environmental, historic,
cultural, scenic and recreational characteristics of the corridor.

Minimize adverse impacts to the main stem and South Fork of the Flathead River
and fisheries that may result from improvement options.

Minimize adverse impacts to historic, cultural, and archaeological resources that
may result from improvement options.

Strive to maintain the scenic nature of the corridor with respect to view sheds and
landscape features.

Provide reasonable access to recreational sites in the corridor.

Minimize conflicts with wild animals and facilitate wildlife movement.

Other issues to be considered as part of the screening process:

Conflicts with utilities
Construction feasibility
Availability and feasibility of funding
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2.0 DEVELOPMENT OF IMPROVEMENT OPTIONS
2.1 Alignments

The US 2 — Badrock Canyon corridor is physically constrained and includes a number of sensitive
environmental and cultural resources. Within the middle portion of the corridor from RP
140.6+ to RP 141.24, US 2 is directly bordered by culturally sensitive rock outcroppings to the
south and the Flathead River to the north, which provides critical habitat for bull trout. Narrow
shoulders, sharp curves, limited sight distance, roadway drainage and icing issues, and public
access to recreational sites create safety concerns within the corridor, while traffic operations
are anticipated to decline within the 2035 planning horizon.

The US 2 — Badrock Canyon planning team identified six potential alignments to improve safety
and operations for US 2 corridor users while minimizing impacts to environmental and cultural

resources to the extent practicable.

Figure 2-1 illustrates potential alignments, with required structures indicated in black.
Appendix 1 includes additional alignment figures. The following sections describe potential

alignments in more detail.
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Figure 2-1 Potential Alignments
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2.1.1 Alignment 1 (Existing Alignment)

Alignment 1 would follow the existing US 2 alignment and would involve no modifications to
current roadway geometry. Existing horizontal and vertical curves failing to meet current MDT
design standards would remain, and the roadway would continue to have two travel lanes with
minimal shoulders throughout the corridor. Improvements would be implemented to provide
or enhance access management, bicycle/pedestrian facilities, drainage, parking, roadside
safety, rockfall prevention, rumble strips, sight distance, traffic control, and wildlife passage.
The existing South Fork Flathead River Bridge would be replaced with a new two-lane or four-
lane structure due to its classification as functionally obsolete and structurally deficient.

2.1.2 Alignment 2 (Optimized Existing Alignment)

Alignment 2 would generally follow the existing US 2 alignment, although it would include
modifications to horizontal/vertical geometry and other roadway elements to meet current
MDT design standards where practicable. A new elevated or at-grade structure would be
needed in the most constrained portion of the corridor (RP 140.6+ to RP 141.2+) to avoid rock
excavation. An elevated structure would be constructed above the elevation of the existing US
2 roadway, while an at-grade structure would be constructed at approximately the current
roadway elevation. US 2 would be reconstructed as a two-lane facility with shoulders; a
combination of two-lane, three-lane, and/or four-lane sections; or a four-lane facility. A new
two-lane or four-lane bridge would be constructed to replace the existing South Fork Flathead

River Bridge, depending on the lane configuration selected for this alignment.

2.1.3 Alignment 3 (Tunnel Alignment)

Alignment 3 would generally follow the existing US 2 alignment at the western and eastern
ends of the corridor (RP 140.0+ to RP 140.6+ and RP 141.2+ to RP 142.4+). It would be
reconstructed as a four-lane roadway and would include modifications to horizontal/vertical
alignments and other roadway elements to meet current MDT design standards where
practicable. A two-lane or four-lane tunnel would extend through the mountain south of US 2
from RP 140.6% to RP 141.2+ to bypass the most constrained portion of the corridor. Within
this segment, a two-lane tunnel could serve as part of a couplet to accommodate eastbound
(EB) volumes with the existing US 2 roadway serving westbound (WB) traffic. For a couplet
scenario, a new structure would be needed along the existing US 2 alignment to avoid rock
cuts. Alternately, a four-lane tunnel could accommodate EB and WB traffic, and the existing US

2 facility could continue to be maintained as a local roadway to provide access to Berne
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Memorial Park (RP 140.9+) and the Flathead River. For both configurations, a new four-lane
bridge would be constructed to replace the existing South Fork Flathead River Bridge and tie
into the four existing travel lanes in Hungry Horse.

2.1.4 Alignment 4 (Partial Canyon Bypass Alignment)

Alignment 4 would cross to the north side of the main stem of the Flathead River at RP 140.6%
and rejoin the existing alignment at RP 141.24, bypassing the most constrained portion of the
existing alignment. Within this segment, the existing US 2 roadway could continue to be
maintained as a local roadway to provide access to Berne Memorial Park and the Flathead
River. The new four-lane US 2 facility would meet current MDT design standards where
practicable. Alignment 4 would include two new four-lane bridges crossing the main stem of
the Flathead River, and a new four-lane bridge crossing the South Fork of the Flathead River.

2.1.5 Alignment 5 (Full Canyon Bypass Alignment)

Alignment 5 would cross to the north side of the main stem Flathead River at RP 140.6+ and
rejoin the existing alignment at the far eastern end of the corridor (RP 142.4%), bypassing the
majority of the existing alignment. Within this portion of the corridor, the existing US 2
roadway could continue to be maintained as a local roadway providing access to Berne
Memorial Park and the Flathead River. The new four-lane US 2 facility would meet current MDT
design standards where practicable. Alignment 5 would include three new four-lane bridges
crossing or paralleling the main stem of the Flathead River. The new alignment could tie into
the west end of River Junction Road before intersecting the existing US 2 alignment in Hungry

Horse.

2.1.6 Alignment 6 (Southern Alignment)

Alignment 6 would depart from the existing alignment at the western end of the corridor (RP
140.0%) to traverse over the mountainous terrain south of US 2, and rejoin the existing
alignment at RP 142.4+. Within this portion of the corridor, the existing US 2 roadway could
continue to be maintained as a local roadway to provide access to Berne Memorial Park and the
Flathead River. The new four-lane US 2 facility would meet current MDT design standards
where practicable. Three lengthy elevated structures would be needed to span the steep
topography, and a new four-lane bridge would replace the existing South Fork Flathead River

Bridge.
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2.2 Alignment Screening

A qualitative screening process was developed to evaluate the range of alignments at a pre-
NEPA/MEPA planning level. To be considered viable and pass the screening, an alignment must
be reasonable and practicable in terms of cost, constructability, level of community support,
degree of impacts to sensitive resources, and right-of-way acquisition requirements. Screening
criteria and results are described in more detail below.

2.2.1 Cost

Cost is an important consideration at the pre-NEPA/MEPA planning level. An alignment can be
screened from further consideration if it would not be feasible due to excessive costs. An
estimated cost may be deemed unreasonable if it is substantially greater than costs for other
options that meet corridor needs and objectives. Very high cost projects are not practicable or
feasible due to difficulties in securing funding.

Estimated costs include at-grade and elevated structures within the most constrained portion
of the corridor (RP 140.6+ to RP 141.2+), bridges, and various lane configurations, as well as
unknown factors at the planning level stage. Cost estimates include two- and four-lane
configurations for Alignment 2 and a four-lane configuration for a new US 2 facility (Alignments
3,4,5,and 6). A20to 50 percent contingency was included for Alignments 1, 2,4, 5, and 6 to
account for unknown factors over the planning horizon. A 30 to 60 percent contingency was
assumed for Alignment 3 due to a higher number of unknown factors associated with
excavating a tunnel through the mountain south of the existing alignment. Cost estimates
reflect anticipated construction costs only, and do not include potential costs associated with
right-of-way acquisition, utility relocation, preliminary engineering, or operations and

maintenance.

Estimated costs include replacement of the existing South Fork Flathead River Bridge and
construction of new bridges, where appropriate. Bridge widths would vary from two to four
travel lanes to match lane configurations associated with each alignment. In coordination with
MDT’s Bridge Bureau, a conservative estimate of $175 per square foot was utilized for
reconstruction of the South Fork Flathead River Bridge, bridges associated with Alignments 4
and 5, and elevated structures associated with Alignments 2 and 6. An estimate of $125 per
square foot was utilized for construction of a cantilevered deck associated with Alignment 2.

Structures could be constructed using methods and structure types commonly used on the

Page 13



- \ o .
CorridorPIannmg Stud Improvement Options Report

highway system in Montana. Substructures typically consist of pile or drilled shaft foundations
supporting cast-in-place concrete pile caps, pier walls, or hammerhead caps. Superstructures
range from steel plate girders to pre-stressed concrete I-girders supporting cast-in-place
concrete deck slabs. Miscellaneous elements supported by and attached to the bridge deck
may include sidewalks, vehicle barriers, pedestrian barriers, and steel bridge railing, as
appropriate.

Planning level cost estimates for each alignment are presented in Table 2.1. Appendix 2
includes cost estimate tables.

Table 2.1 Planning Level Cost Estimates — Alignments
i Planning Level Estimate of Costs®
Alignment 1 Spot Improvements: $500 to $6.6M
(Existing Alignment) South Fork Flathead River Bridge Reconstruction: $9.7M to $27.3M
Alignment 2 .
(Optimized Existing Alignment) US 2 Reconstruction: $35.9M to $177.0M
Allgnm'ent . US 2 Reconstruction / New Construction: $399.0M to $558.0M
(Tunnel Alignment)
Alignment 4 . .
(Partial Canyon Bypass Alignment) US 2 Reconstruction / New Construction: $70.1M to $86.4M
Alignment 5 : -
(Eull Canyon Bypass Alignment) US 2 Reconstruction / New Construction: $89.5M to $110.0M
Alignment 6

(Southern Alignment) US 2 Reconstruction / New Construction: $307.0M to $379.0M

Source: DOWL HKM, 2012.

@) Estimates for Alignment 1 indicate range of costs for potential spot improvements and reconstruction of the South
Fork Flathead River Bridge. Estimates for Alignments 2 through 6 encompass reconstruction or construction of
new alignments within the corridor, including replacement of the existing South Fork Flathead River Bridge, where
appropriate. Cost ranges reflect various spot improvements, structures, lane configurations, and contingencies.
Cost estimates are provided in 2012 dollars and reflect anticipated construction costs only. Costs reflect planning
level estimates, and should not be considered an actual cost encompassing all scenarios and circumstances.
Estimates do not include potential costs associated with right-of-way acquisition, utility relocation, preliminary
engineering, or operations and maintenance. Cost estimate tables are provided in Appendix 2.

Alignment 1 (Existing Alignhment)

Spot improvements range in cost from $500 for a new static sign up to $6.6 million for a
dedicated bicycle/pedestrian facility. Reconstruction of the South Fork Flathead River Bridge is
estimated to cost from $9.7 million to $15.3 million for a two-lane structure and $19.6 to $27.3

million for a four-lane structure.
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Alignment 2 (Optimized Existing Alignment)

The planning level cost estimate for Alignment 2 ranges from $35.9 to $177.0 million due to the
wide variation in potential structure types and lane configurations. The low end of the cost
estimate range represents a two-lane configuration with a two-lane cantilevered structure
through the most constrained portion of the corridor (RP 140.6+ to RP 141.2+) and replacement
of the existing South Fork Flathead River Bridge with a new two-lane bridge. The high end of
the cost estimate range represents a four-lane configuration with a four-lane elevated structure
in the most constrained portion of the corridor and replacement of the existing South Fork
Flathead River Bridge with a new four-lane bridge. Alignment 2 structure types and lane

configurations are described in more detail in Chapters 4 and 5.

Alignment 3 (Tunnel Alignment)

Construction of Alignment 3 is estimated to range from $399.0 to $558.0 million. The low end
of this cost range represents a couplet configuration from RP 140.6+ to RP 141.2+, with a two-
lane EB tunnel through the mountain south of US 2 and a two-lane cantilevered structure for
WB traffic generally following the existing alignment. The high end of the cost range represents
a four-lane tunnel from RP 140.6+ to RP 141.2+ to bypass the most constrained portion of the

corridor.

Alignment 4 (Partial Canyon Bypass Alignment)
Construction of Alignment 4 is estimated to range from $70.1 to $86.4 million. This estimate
includes two new four-lane bridges crossing the main stem of the Flathead River and

replacement of the existing South Fork Flathead River Bridge with a new four-lane bridge.

Alignment 5 (Full Canyon Bypass Alignment)

The planning level cost estimate for Alignment 5 ranges from $89.5 to $110.0 million. This
estimate includes three new four-lane bridges crossing or paralleling the main stem of the
Flathead River.

Alignment 6 (Southern Alignment)

Alignment 6 is estimated to range from $307.0 to $379.0 million, which would include
construction of three structures traversing over the mountainous terrain south of US 2 and the
South Fork of the Flathead River.
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Cost Summary

Alignment 1 is expected to be the least costly alignment. Alignments 2, 4, and 5 are expected
to range in cost from $35.9 million to $177.0 million, depending on the required number of
river crossings, lane configurations, and the types of structures involved in construction or
reconstruction of US 2. Alighments 3 and 6 are expected to range in cost from $307.0 to $558.0
million, nearly two to more than three times higher than the next most costly alignment. For

this reason, Alignments 3 and 6 are considered not feasible from a cost perspective.

2.2.2 Constructability

Alignment 1 (Existing Alignment)

Alignment 1 would involve constructability challenges associated with replacement of the
existing South Fork Flathead River Bridge. Measures to protect water quality while installing
bridge piers within and adjacent to the river would be required. Reconstruction of the South
Fork Flathead River Bridge may require construction of a second parallel bridge, use of the

existing bridge, and/or phased construction to maintain traffic during construction.

Construction of spot improvements in the most constrained portion of the corridor (RP 140.6+
to RP 141.2+) may require intermittent lane closures, resulting in challenges for emergency

vehicle access.

Alignment 2 (Optimized Existing Alignment)

In addition to South Fork Flathead River Bridge challenges mentioned above for Alignment 1,
Alignment 2 would involve construction challenges in the most constrained portion of the
corridor. Mobilizing construction equipment, maintaining traffic, and providing adequate
emergency vehicle access during construction activities would be a challenge given the physical

site constraints.

Construction of a cantilevered or elevated structure would require retaining walls or bridge
piers within or adjacent to the Flathead River. Foundation construction may be difficult due to
geotechnical soil variance. Measures would need to be taken to reduce the likelihood of soil
erosion or failure due to construction loads. Environmental permitting requirements may

impose construction timing and/or other restrictions.

AT&T owns and operates a fiber optic cable that generally runs along the south side of US 2.
NorthWestern Energy owns and operates a 10-inch diameter high pressure natural gas
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transmission pipeline that generally runs along the south side of US 2. This is the only natural
gas transmission pipeline serving the Flathead Valley area. In some locations where the rock
outcroppings encroach upon the roadway, the line may be located directly under the road
surface. The exact location and depth of the line in relation to Alignment 2 is not known at this
time. The 1995 FEIS disclosed the gas pipeline would be in conflict with proposed highway
reconstruction and must be relocated. At a minimum, temporary pipeline relocation during
construction activities would have been required for construction of the FEIS preferred
alternative. Following roadway reconstruction, the gas transmission pipeline was proposed to
be permanently relocated within the highway right-of-way. The 2002 Re-evaluation noted
shifting the US 2 alignment to the north to avoid cutting or blasting the rock outcroppings may
reduce conflicts with the transmission pipeline and the temporary relocation previously
proposed may no longer be required. The Re-evaluation noted the effects of highway
reconstruction on the pipeline and the need for relocation cannot be determined until
engineering design is completed. The exact location of buried utilities in relation to Alignment
2 and the need for and methods of potential relocation would need to be addressed during
project development.

Alignment 3 (Tunnel Alignment)

A tunnel would pose substantial construction challenges. Based on information provided by the
MDT Geotechnical Section, rock outcroppings south of US 2 are composed of Precambrian
argillite and quartzite. The rock outcroppings exhibit multiple tension cracks, some as wide as
two feet running parallel to US 2. Tension cracking along these outcroppings would likely
create complications related to tunnel construction. At this planning level stage, no
geotechnical engineering was completed to determine the feasibility of excavating the rock in
this area to construct a tunnel. Additional geotechnical analysis which could cost up to $2.0
million would be required to determine the feasibility of this option before engineering design

could proceed.

Mobilizing roadway construction equipment within the constrained portion of the corridor
would be difficult depending on the tunneling method. If a tunnel alignment were pursued, it
may be possible to maintain two-lane traffic on the existing US 2 alignment during portions of
construction. At times, traffic flow may need to be restricted to one travel lane serving

alternating directions of traffic.
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Utility conflicts would need to be addressed during project development, as noted in the
discussion for Alignment 2.

Alignment 4 (Partial Canyon Bypass Alignment)

Alignment 4 would require construction of two new bridges crossing the main stem of the
Flathead River, in addition to replacement of the existing South Fork Flathead River Bridge.
Further analysis of subsurface materials would need to be verified to ensure proper design of
the bridges. Measures to protect water quality while installing bridge piers within and adjacent
to the river may pose constructability challenges. Construction of Alignment 4 would also be
complicated by the proximity of the railroad line across the river north of the existing US 2

alignment.

Alignment 5 (Full Canyon Bypass Alignment)

Alignment 5 would involve all of the construction difficulties mentioned above for Alignment 4.
New bridge construction would be required, likely through lowland areas with a high water
table in some locations, requiring private access road reconstruction and additional private
property impacts. Alignment 5 could tie into the west end of River Junction Road, which is
currently a low-volume unpaved roadway within a residential area. Connection with River

Junction Road could impact local traffic patterns in Hungry Horse.

Alignment 6 (Southern Alignment)

Substantial challenges would be encountered during construction of Alignment 6 due to the
mountainous terrain south of the existing US 2 alignment. No geotechnical engineering has
been conducted to determine the feasibility of constructing elevated structures over this steep

terrain and would need to be verified at the project level.

Alignment 6 would require considerable quantities of embankment material to bring the
proposed roadway structure to grade, specifically on the west end of the project. Substantial
guantities of material would also need to be excavated and blasted on the top of the mountain
to properly grade the new roadway. New bridges would need to be constructed within these
areas, adding complications of soil consolidation and settlement. Settlement issues would
likely require construction of embankment materials followed by a settling period, typically one

construction season. This process would delay the finish date of construction.
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The existing South Fork Flathead River Bridge would need to be replaced with a much longer
bridge. The new super structure would tower over the existing roadway on the east end of the
project and would create a steep longitudinal grade on the structure for a length of over 4,000
feet. The new bridge would incorporate piers over 100 feet high, overlapping the existing
highway.

Constructability Summary
Alignments 3 and 6 are not feasible from a constructability standpoint due to potential
geotechnical risks associated with blasting and/or tunneling through unstable rock formations

and steep terrain south of the existing alignment.

2.2.3 Potentially Impacted Resources

Alignments were identified to minimize impacts to sensitive environmental and cultural
resources and adjacent land areas to the extent practicable. Despite these efforts, replacement
of the South Fork Flathead River Bridge, reconstruction of the existing US 2 alignment, and/or
construction of new alignments would result in unavoidable impacts within the corridor.

Potentially impacted resources are listed below.

e Surface water bodies, including the e Vegetation, including federally and
main stem, Middle Fork, and South state-listed plant species
Fork of the Flathead River e Cultural and archaeological resources,
Wetland areas including the Badrock Canyon Cultural
Floodplains Landscape
Federally and state-listed fish and e Recreational resources, including
wildlife species and habitat, including Berne Memorial Park and Fisherman’s
critical habitat for bull trout and Rock
Canada lynx e Geologic features
Wildlife movement corridors e Water source at Berne Memorial Park
Farmlands e Section 4(f) sites

[}

Visual resources

Section 404 of the Clean Water Act requires permitting through the U.S. Army Corps of
Engineers (USACE) prior to discharging dredged or fill material into waters of the United States
or adjacent wetlands. A Section 404 permit would be needed for all alignments due to
anticipated impacts to the Flathead River. Under Section 404(b)(1) guidelines (40 CFR 230.10),
USACE may only permit discharges into waters of the United States that represent the least
environmentally damaging practicable alternative (LEDPA), provided the alternative meets the

project purpose and does not have other significant adverse environmental consequences. To
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be practicable, an alternative must be available and capable of being implemented after taking
into consideration cost, existing technology, and logistics in light of the overall project purpose.
Technical and logistical factors include access, transportation needs, utilities, topography, and
available construction techniques. During an agency meeting conducted on January 9, 2012,
USACE indicated culturally significant rock outcroppings and other Tribal concerns would be
considered when identifying the LEDPA for this corridor.

Other environmental permits that would be required for all alignments are listed below.
Permitting through the Montana Department of Natural Resources and Conservation (DNRC) is
discussed in Section 2.2.4.

e Montana Stream Protection Act (SPA 124 Authorization) administered by Montana Fish,
Wildlife & Parks (FWP)

e Montana Floodplain and Floodway Management Act (Floodplain Development Permit)
administered by the Flathead County Floodplain Administrator

e Short-term Water Quality Standard for Turbidity (318 Authorization) administered by
the Montana Department of Environmental Quality (DEQ)

Alignment 1 (Existing Alignment)

Alignment 1 would result in potential impacts to the South Fork Flathead River, wetlands, fish
and wildlife habitat, and vegetation due to reconstruction of the South Fork Flathead River
Bridge and construction of spot improvements. Alignment 1 is expected to be the least

impactful alignment.

Alignment 2 (Optimized Existing Alignment)

Alignment 2 would result in potential impacts associated with reconstruction and widening of
US 2 and reconstruction of the South Fork Flathead River Bridge. In order to avoid rock cuts,
the roadway could be widened to the north, resulting in impacts to the South Fork Flathead
River, floodplains, wetlands, and fish and wildlife habitat. Impacts to wildlife movement
corridors, farmlands, vegetation, the Badrock Cultural Landscape, Berne Memorial Park,
Fisherman’s Rock, and visual resources may also occur. The degree of impact would depend on

the lane configuration selected for this alighnment.

Alignment 3 (Tunnel Alignment)
Alignment 3 would result in potential impacts associated with reconstruction and widening of

US 2 and reconstruction of the South Fork Flathead River Bridge as described for Alignment 2.
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Tunnel construction would impact geologic features south of US 2. Additional study would be
needed to determine if tunneling could impact the water source at Berne Memorial Park.

Alignments 4 and 5 (Partial and Full Canyon Bypass Alignments)

Construction of Alignments 4 and 5 would require new bridge crossings, resulting in impacts to
the main stem of the Flathead River, floodplains, wetlands, and fish and wildlife habitat. It may
be difficult to permit new bridge crossings if there are less environmentally damaging options
that meet corridor needs and objectives. In addition to potential impacts associated with
reconstruction and widening of the existing US 2 alignment at the eastern and western ends of
the corridor, Alignments 4 and 5 would result in impacts to multiple resources along new
alignments north of the Flathead River.

Alignment 6 (Southern Alignment)

Alignment 6 would result in potential impacts to the South Fork Flathead River, floodplains,
wetlands, and fish and wildlife habitat due to reconstruction of the South Fork Flathead River
Bridge. Alignment 6 would impact multiple resources along a new alignment spanning the
mountainous terrain south of the existing US 2 alignment. Additional study would be needed to
determine if Alignment 6 could impact the water source at Berne Memorial Park.

Potentially Impacted Resources Summary

All alignments would result in unavoidable impacts to resources in the corridor. Construction of
Alignments 3 and 6 could create a risk of impacting the water source at Berne Memorial Park.
Alignments 4 and 5 would require new river crossings, which could result in Flathead River
impacts that may be difficult to permit. For these reasons, Alignments 3, 4, 5, and 6 would

result in or would create a risk of unreasonable impacts to corridor resources.

2.2.4 Right-of-Way Acquisition / Easements
Following completion of the FEIS, MDT purchased additional right-of-way from RP 140.0+ to RP
141.7+ adjacent to the existing US 2 facility in anticipation of a future project to widen the

roadway. Figure 2-2 illustrates land ownership within the corridor.
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Corridor Plahning Stud

Figure 2-2 Land Ownership
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The State of Montana holds ownership of the land and minerals located below navigable rivers,
streams, and lakes and related acreage as established in the Equal Footing Doctrine and
Montana statutes. DNRC administers these lands on behalf of the state. DNRC considers
navigable waterways to be those for which it has historical documentation of commercial use.
The portions of the main stem and south fork of the Flathead River within the corridor study
area are considered navigable. A land use license or easement is required from DNRC for any

construction or improvement of a structure within or over a navigable water body.

Alignment 1

No new right-of-way would be needed for spot improvements on the existing US 2 alighment.
A DNRC land use license or easement would be required for replacement of the South Fork
Flathead River Bridge. A US Forest Service (USFS) easement would be required at the eastern
end of the corridor on either side of the South Fork Flathead River Bridge and at the fishing
access site near RP 140.2%.

Alignment 2

No new right-of-way would be needed for reconstruction of US 2 along Alignment 2 from RP
140.3+ to RP 141.7+. A small amount of right-of-way may need to be acquired from private
landowners near RP 140.0+. A USFS easement would be required at the eastern end of the
corridor from RP 141.7+ to RP 142.4 and possibly near RP 140.2+ where roadway widening and
modifications to horizontal and vertical elements would extend outside existing MDT rights-of-
way onto USFS land. Replacement of the South Fork Flathead River Bridge would require a land

use license or easement from DNRC.

Alignment 3

Tunnel construction and widening/modification of the US 2 alignment would generally occur
within existing MDT rights-of-way. A USFS easement would be required at the eastern end of
the corridor from RP 141.7+ to RP 142.4 and possibly near RP 140.2+ where roadway widening
and modifications to horizontal and vertical elements would extend outside existing MDT
rights-of-way. Replacement of the South Fork Flathead River Bridge would require a land use

license or easement from DNRC.

Alignment 4
New right-of-way on the north side of the river would need to be acquired from private

landowners from RP 140.6% to RP 141.2+. Alignment 4 would be in close proximity to existing
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railroad rights-of-way on the north side of the river. Coordination with the railroad would be
required to avoid impacts to rail operations. New river crossings and replacement of the South
Fork Flathead River Bridge would require a land use license or easement from DNRC. A USFS
easement would be required at the eastern end of the corridor from RP 141.7+ to RP 142.4
where roadway widening and modifications to horizontal and vertical elements would extend

outside the existing MDT rights-of-way.

Alignment 5

New right-of-way would need to be acquired from private landowners from RP 140.6+ to
142.4+. Coordination with the railroad would be required to avoid impacts to rail operations.
New river crossings and replacement of the South Fork Flathead River Bridge would require a
land use license or easement from DNRC. Alignment 5 would enter Hungry Horse from the

northwest, and may impact buildings and require modifications to existing private access roads.

Alignment 6

A USFS easement would be required from RP 141.1+ to RP 142.4 where roadway widening and
modifications to horizontal and vertical elements would extend outside the existing MDT rights-
of-way. Replacement of the South Fork Flathead River Bridge would require a land use license

or easement from DNRC. Coordination with utilities may be required.

Right-of-Way Acquisition / Easements Summary
All alignments would require USFS easements and/or DNRC land use licenses or easements.
Alignments 4, 5, and 6 would require unreasonable quantities of new right-of-way from private

landowners and coordination with the railroad and utilities.

2.2.5 Community Support

During the Phase | and Phase Il corridor planning study efforts, community members and CSKT
representatives expressed support for maintaining or generally following the existing alignment
(Alignments 1 and 2). Support was expressed for spot improvements, replacement of the South
Fork Flathead River Bridge, and roadway reconstruction to improve corridor safety and
operations, while minimizing impacts to sensitive environmental and cultural resources. There
was some interest in tunnel options and potential alignments to the north and south of the
existing US 2 roadway (Alignments 3, 4, 5, and 6), although community members and CSKT

representatives were generally less supportive of new alignments.
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2.2.6 Screening Summary - Alignments

Alignments 1 and 2 are advanced, with additional discussion in Chapter 3. Based on failure to
meet criteria relating to cost, constructability, resource impacts, right-of-way acquisition /
easements, and community support, Alignments 3, 4, 5 and 6 are eliminated from further
consideration and will not be discussed further in this report. Table 2.2 summarizes the
alignment screening. Orange shading indicates failure to pass a screening criterion, with
specific failing elements highlighted in black.
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Table 2.2 Screening Summary — Alignments

Criteria Alignment 1 Alignment 2 Alignment 3 Alignment 4 Alignment 5 Alignment 6
Existing Optimized Existing Tunnel Partial Canyon Bypass Full Canyon Bypass Southern Alignment
Spot Improvements
: $500 to $6.6M _ ) ) .
Planning Level US 2 Reconstruction US 2 Reconstruction / US 2 Reconstruction / US 2 Reconstruction / US 2 Reconstruction /
Estimate of South Fork Flathead $35.9M to $177.0M New Construction New Construction New Construction New Construction
Costs® River Bridge : ' $399.0M to $558.0M $70.1M to $86.4M $89.5M to $110.0M $307.0M to $379.0M
Reconstruction
$9.7 to $27.3M
e South Fork Flathead e New river crossings
(W Geotechnical risks "
i i . . . Steep terrain
e South Fork River Brldgg « South Fork Flathead River | * S(.)Uth Fprk Flathead o New river crossings * P . p
. reconstruction s " River Bridge S (M Geotechnical risks
Flathead River e Bridge reconstruction ) e Mobilization of .
. ¢ Mobilization of O . reconstruction ; e South Fork Flathead River
o Bridge : e Mobilization of materials oo materials and : :
Constructability . materials and . . ¢ Mobilization of ) . Bridge reconstruction
@ reconstruction - : and equipment into : equipment into e .
Challenges - equipment into . materials and : ¢ Mobilization of materials
o Traffic delays ; constrained area ) . constrained area ) .
X constrained area . : equipment into : . and equipment into
during ) . o Traffic delays during . ¢ Traffic delays during :
. o Traffic delays during . constrained area . constrained area
construction : construction ) . construction . . i
construction « Conflicts with utilities e Traffic delays during e Conflicts with utilities
¢ Conflicts with utilities construction
: : (WIRisk of impacts to water,
. |ml:|1?0|ts to (WRisk of impacts to water MNew river crossings
Potentially multiple ¢ Impacts to multiple -  Impacts to multiple resources adjacent to existing Memorial Park
resources - Memorial Park . )
Impacted adiacent to resources adjacent to « Impacts to multiole alignment e Impacts to multiple
Resources? Jac existing alignment P Ltip e Impacts to multiple resources along new resources adjacent to
existing resources adjacent to . sting brid dal
alignment existing alignment alignment existing bridge and along
new alignment
* New RW throughoutjilé
much of corridor * mea\{\:)rit ofrcoour?idc())l; majority of corridor
Right-of-Way (RW) . . (lRailroad involvement jority (lUtility involvement
L o DNRC easement at river crossing . .
Acquisition / . e DNRC easements at e DNRC easement at river
e USFS easement at RP 140.2+ and at eastern end of corridor . . -
Easements river crossings crossing
o DNRC easements at
e USFS easement at q g e USFS easement at
. river crossings f
eastern end of corridor eastern end of corridor
Csourr;r;:rrz(lg)y More Support More Support More Support Less Support Less Support Less Support

Source: DOWL HKM, 2012. Note: Shading indicates failure to meet criteria.

@) Estimates indicate capital construction costs for spot improvements; reconstruction of existing alignment, including existing South Fork Flathead River Bridge; and/or construction
of new alignment. Alignment 1 includes a two-lane configuration (with a two-lane South Fork Flathead River Bridge). Alignment 2 includes two-, three-, and four-lane
configurations (with a two- or four-lane South Fork Flathead River Bridge). Alignments 3 through 6 include a four-lane configuration (with a four-lane South Fork Flathead River
Bridge, where appropriate). Planning level estimates should not be considered an actual cost encompassing all scenarios and circumstances. Estimates do not include potential
costs associated with right-of-way acquisition, utility relocation, preliminary engineering, or operations and maintenance. Cost estimate tables are provided in Appendix 2.

@ Planning level summary does not provide a comprehensive list of issues. Further analysis would be required during project development.

@ Indication of community support is based on feedback provided during informational meetings held in Columbia Falls and Hungry Horse and written comments submitted during
the study.
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3.0 ALIGNMENTS ADVANCED
3.1 Alignment 1

This section identifies potential improvements that could be implemented along the existing US
2 alignment (Alignment 1) before roadway reconstruction throughout the corridor.

3.1.1 Access Management

Berne Memorial Park attracts members of the public and visitors wishing to access picnic areas
and the Flathead River. Safety improvements at Berne Memorial Park could include vehicle turn
lanes or median treatments to limit turning movements into and out of the park. A median
barrier could be constructed at Berne Memorial Park that would only allow EB right-in and
right-out movements and eliminate safety issues associated with left-turn movements.
Concrete barrier could also be placed adjacent to the Berne Memorial Park parking area to
designate a single point of access.

Potential Locations
RP 140.8+ to RP 141.0+ (South Side of US 2)

Planning Level Cost Estimate
$100,000 to $150,000

Recommended Implementation Timeframe
Short-term

Potentially Impacted Resources and Right-of-Way Requirements
Impacts to Section 4(f) recreational resources may occur. Additional study would be
needed to quantify specific impacts.

3.1.2 Bicycle/Pedestrian Facilities

Community members expressed support for improved pedestrian and bicycle access within the
study corridor. Currently, the roadway’s narrow or non-existent shoulders do not encourage
non-motorized use. A bi-directional path could be constructed near or immediately adjacent to
the existing roadway, providing a dedicated facility for non-motorized users. The facility could
be constructed to the north or south of the existing roadway, although a facility to the south
may minimize the need for crossings by providing access to Berne Memorial Park and
connecting to existing trail systems. Portions of the dedicated facility could be implemented
before roadway reconstruction throughout the corridor. Due to physical constraints including

the Flathead River and rock outcroppings, a dedicated facility within the most constrained

Page 27



Corri::jmm Improvement Options Report

portion of the corridor would need to be designed and implemented in coordination with
roadway reconstruction.

An elevated pedestrian bridge could be constructed to allow access across US 2. The structure
would need to incorporate ramps and landings in compliance with the Americans with
Disabilities Act (ADA). The required ramp and landing dimensions may be difficult to
accommodate given physical constraints within the corridor.

The specific location of a dedicated bicycle/pedestrian facility, the potential need for crossings
in the corridor, and compatibility with roadway reconstruction would need to be determined
during project development.

Potential Locations
Dedicated Bicycle/Pedestrian Facility: Throughout Corridor (North or South Side of US 2)
Bicycle/Pedestrian Overcrossing: RP 140.8+ (North & South Sides of US 2)

Planning Level Cost Estimate
Dedicated Bicycle/Pedestrian Facility: $3.6 million to $6.6 million (entire corridor)
Bicycle/Pedestrian Overcrossing: $1.0 million to $2.5 million per location

Recommended Implementation Timeframe
Mid- to long-term

Potentially Impacted Resources and Right-of-Way Requirements

Impacts to the Flathead River, wetland areas, floodplains, fish and wildlife species and
habitat, farmlands, vegetation, Section 4(f) cultural/archaeological resources and
recreational resources, geologic features, and visual resources may occur. Additional
study would be needed to quantify specific impacts. Environmental permitting would
be required.

3.1.3 Drainage

Based on field observations and previous reports, there are a number of drainage issues within
the constrained portion of the corridor. Surface water ponding occurs seasonally near Berne
Memorial Park due to a flat roadway cross slope, the lack of drainage ditches, and plugged or
buried culverts. One of the areas of concern lies east of the park, directly below the east rock
overhang. This area frequently collects water from melting ice and snow on the rock ledge, at

times creating icy conditions on the roadway below.
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Plugged or buried culverts could be replaced to improve drainage conditions in the canyon.
New ditches or concrete valley gutters could be constructed adjacent to the edge of pavement
on US 2 at the Berne Memorial Park parking lot to maximize the amount of collected surface
water. Additional drainage features could also be incorporated along the east rock overhang to
remove standing water from the roadway.

Potential Locations

Install Culverts: RP 140.8+, RP 141.1+, RP 141.2+, and RP 142.0+ (North & South Sides of
us 2)

Re-grade Ditches: RP 140.8+, RP 140.94, and RP 141.8+ (South Side of US 2)

Install Valley Gutter: RP 141.0+ (South Side of US 2)

Planning Level Cost Estimate

Install Culverts: $4,000 to $10,000 per location
Re-grade Ditches: $1,000 to $15,000 per location
Install Valley Gutter: $3,000 to $5,000

Recommended Implementation Timeframe
Short-term

Potentially Impacted Resources and Right-of-Way Requirements
None

3.1.4 Parking

The parking area at the existing fishing access site at RP 140.2+ could be further developed to
provide additional parking opportunities and river access within the corridor. The parking area
could be linked to the dedicated bicycle/pedestrian facility discussed above to allow non-
motorized users to park their vehicles at the western end of the corridor and walk or bicycle

through the corridor. Coordination with USFS would be required.

Potential Location
RP 140.2+ (North Side of US 2)

Planning Level Cost Estimate
$400,000 to $500,000

Recommended Implementation Timeframe
Short-term

Potentially Impacted Resources and Right-of-Way Requirements
Impacts to vegetation, Section 4(f) recreational resources, and visual resources may
occur. Additional study would be needed to quantify specific impacts.
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3.1.5 Roadside Safety

Guardrail issues were observed during the field investigation conducted for this study. W-beam
guardrail is the primary guardrail style used in the corridor. Some end treatments were
observed with one-way departure terminal sections adjacent to two-lane traffic. These end
sections could be updated to standard terminal sections, reducing the severity of possible
crashes.

Potential Locations
RP 140.3+, RP 141.94, and RP 142.3+ (North & South Sides of US 2)

Planning Level Cost Estimate
$3,000 to $5,000 per location

Recommended Implementation Timeframe
Short-term

Potentially Impacted Resources and Right-of-Way Requirements
None

3.1.6 Rockfall Prevention

Community members and MDT maintenance personnel have described incidents involving
rocks and debris falling onto the roadway from adjacent rock outcroppings. Two possible
rockfall prevention options were considered for this study. Additional options could be

considered at the project level.

Wire mesh netting could be installed on rock outcroppings south of US 2 at RP 140.7+ (west of
Berne Memorial Park) and RP 141.1+ (east of Berne Memorial Park). The netting would provide
protection from rocks and debris that may fall onto the roadway. Alternately, rock bolts could
be installed in the areas noted above. Rock bolts could be drilled into the rock outcroppings
and backfilled with grout to secure the rock face, reducing the likelihood of falling rocks while
minimizing visual impacts. Additional geotechnical investigations may be needed during the
project development process to determine the feasibility of these options. Potential cultural or

visual mitigation measures are not included in the planning level cost estimate listed below.

Potential Locations
RP 140.7+ and RP 141.1+ (South Side of US 2)

Planning Level Cost Estimate
$200,000 to $1.0 million per location
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Recommended Implementation Timeframe
Short-term

Potentially Impacted Resources and Right-of-Way Requirements
Impacts to Section 4(f) cultural/archaeological resources, geologic features, and visual
resources would occur. Additional study would be needed to quantify specific impacts.

3.1.7 Rumble Strips

Application of shoulder and centerline rumble strips on two-lane highways has been shown to
reduce the incidence and severity of roadway departure crashes. Shoulder and centerline
rumble strips commonly consist of parallel grooves cut into the roadway. Shoulder and
centerline rumble strips in combination with appropriate pavement markings can alert drowsy,
inattentive, or impaired drivers who unintentionally stray across the roadway centerline or off
the edge of the roadway. The audible sound and physical vibration alert drivers, improving
driver reaction and increasing the likelihood for a safe return to the travel lane. Centerline
rumble strips can also assist drivers in identifying lane delineations during low visibility
conditions. Continuous application of shoulder and centerline rumble strips is recommended
within the US 2 corridor.

Potential Locations
Throughout corridor

Planning Level Cost Estimate
$2,100 to $2,700 per mile

Recommended Implementation Timeframe
Short-term

Potentially Impacted Resources and Right-of-Way Requirements
None

3.1.8 Sight Distance

Trees and shrubs limit sight distance for motorized users in several locations within the
corridor. Clearing, grubbing, and tree trimming could improve safety by increasing sight
distance around tight horizontal curves.

Potential Locations
RP 140.94, RP 141.3%, and RP 142.0+ (North & South Sides of US 2)

Planning Level Cost Estimate
$9,000 to $30,000 per location
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Recommended Implementation Timeframe
Short-term

Potentially Impacted Resources and Right-of-Way Requirements
Impacts to the wetland areas, wildlife species and habitat, vegetation, and visual
resources may occur. Additional study would be needed to quantify specific impacts.

3.1.9 South Fork Flathead River Bridge

The South Fork Flathead River Bridge is classified as functionally obsolete and structurally
deficient. In the interim period before roadway reconstruction occurs in the corridor, MDT
could pursue bridge replacement to provide a safe and functional structure crossing the South
Fork of the Flathead River. As supported by future NEPA/MEPA efforts, MDT could initially
replace the existing South Fork Flathead River Bridge with a new two-lane bridge. Ultimately, a
single four-lane bridge or dual two-lane bridges are recommended to transition into the four
existing travel lanes in Hungry Horse and allow flexibility during the design life of the structure.
A four-lane bridge (or two two-lane structures) would allow MDT to consider roadway widening
within the corridor without the need to replace the bridge(s). A dedicated bicycle/pedestrian
facility on the north or south side of the bridge could tie into existing trail systems and a new
dedicated non-motorized facility throughout the corridor. Compatibility with other corridor

improvements would need to be considered during project development.

Potential Location
RP 142.1+

Planning Level Cost Estimate
$9.7 million to $27.3 million depending on lane configuration

Recommended Implementation Timeframe
Short- to mid-term

Potentially Impacted Resources and Right-of-Way Requirements

Impacts to the Flathead River, wetland areas, floodplains, fish and wildlife species and
habitat, farmlands, vegetation, cultural/archaeological resources, recreational
resources, and visual resources may occur. Additional study would be needed to
qguantify specific impacts. Environmental permitting would be required.

3.1.10 Traffic Control
Community members expressed support for additional static warning signs and/or variable
message signs (VMS). Static signage could include miscellaneous warning signs such as turning

roadway signs and share the road signs installed adjacent to the edge of the travel way or on
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overhead poles. Overhead static signs could also include warning beacons to further warn
travelers. Permanent or temporary VMS could warn motorists of safety concerns, such as
falling rocks, icy roads, or accidents and inform motorists of bicycle/pedestrian use in the
canyon. Two VMS styles currently utilized on Montana highways include small temporary signs
mounted on portable trailers and larger permanent signs on metal poles, both placed adjacent
to the roadway. A third VMS style incorporates overhead metal pole structures spanning the
roadway. The overhead style is typically used on Interstate or multi-lane facilities, but could be
adjusted to fit a narrower roadway. All three VMS systems are capable of being controlled via
manual entry or via remote radio connectivity.

Potential Locations

Static sign: RP 140.04, RP 140.2+, RP 140.4+, RP 140.6%, RP141.04, RP 141.1%, and RP
142.4+ (North & South Sides of US 2)

Variable message sign: RP 140.0+, RP 142.3+ (North & South Sides of US 2)

Planning Level Cost Estimate
Static sign: $500 to $1,000 per location
Variable message sign: $20,000 to $250,000 per location

Recommended Implementation Timeframe
Short-term

Potentially Impacted Resources and Right-of-Way Requirements
None

3.1.11 Wildlife Passage

The US 2 corridor lies in proximity to national forest land and the Flathead River. Wildlife
species migrate between mountain ranges to the north and south, creating potential safety
issues for motorized vehicles. In a written comment submitted to MDT, U.S. Fish and Wildlife
Service (USFWS) noted Badrock Canyon is a known wildlife movement area. USFWS requested

consideration of measures to facilitate wildlife movement while improving highway safety.

In an effort to reduce animal-vehicle conflicts, wildlife crossing options were evaluated to
determine the appropriate type and location within the corridor. Based on known wildlife
movements, a crossing would likely provide the greatest benefit at the western end of the
corridor (RP 140.0+ to RP 140.4+) before the corridor narrows. At-grade, elevated, and below-
grade concepts were analyzed. At-grade fencing could be used to direct wildlife to a designated

below-grade crossing point. A below-grade crossing would be preferred over an elevated option
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due to lower anticipated costs and reduced visual impacts. A preliminary analysis of survey
data collected for the FEIS effort indicates a wildlife undercrossing could be constructed at the
western end of the corridor without altering the current roadway grade. Planning level cost
estimates do not reflect roadway grade alterations. This planning level determination would
need to be confirmed during the project development phase.

Potential Location
RP 140.2+ (North & South Sides of US 2)

Planning Level Cost Estimate
$920,000 to S$1.1 million

Recommended Implementation Timeframe
Short- to mid-term

Potentially Impacted Resources and Right-of-Way Requirements
Impacts to floodplains, farmlands, vegetation, and visual resources may occur.
Additional study would be needed to quantify specific impacts.

3.2 Alignment 2

3.2.1 Structure Types

Alignment 2 would widen the existing US 2 roadway to meet current MDT design standards
where practicable. This would entail, at a minimum, shoulders. Alignment 2 improvements
could also include additional travel lanes and a dedicated left-turn bay at Berne Memorial Park.
The need for a structure within the most constrained portion of the corridor (140.6+ to RP
141.24) was identified in an effort to accommodate roadway widening while avoiding cutting or
blasting the face of rock outcroppings.

Rock cutting/blasting activities are undesirable for several reasons. First, the rock in Badrock
Canyon is known to be unstable. The Badrock outcroppings exhibit multiple tension cracks,
some as wide as two feet running parallel to US 2. The MDT Geotechnical Section has noted
these tension cracks increase the potential for large scale failure if the rock face is cut or
blasted.

Secondly, the CSKT consider the entire Badrock Canyon to have special historical and cultural
significance, and the canyon cliffs are extremely important to CSKT members. In part due to

new information about historical/archaeological and Section 4(f) resources identified after
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completion of the FEIS, the Re-evaluation found the FEIS did not adequately assess an

alignment that would minimize or totally avoid rock excavation near Berne Memorial Park.

Lastly, community members and CSKT representatives have expressed strong support for
maintaining the water feature at Berne Memorial Park. In their comments provided to MDT,
USACE noted springs are an important aquatic resource in the state of Montana. Additional
study would be needed to determine if cutting or blasting the rock would result in impacts to
the water source at Berne Memorial Park.

For these reasons, at-grade and elevated structure options were identified to allow roadway
widening while avoiding impacts to the canyon rock face. These options are described in more
detail below.

Cantilevered Structure

A cantilevered structure could be used to widen the roadway without impacting the rock
outcrops within Badrock Canyon. Roadway widening could occur in the direction of the
Flathead River, with the cantilevered structure extending over the water body. The structure
would require retaining walls or pile walls within the floodplain to support traffic loads and a
thickened reinforced concrete slab serving as the road surface. The roadway would remain at
or close to its existing grade. Access to Berne Memorial Park could be maintained, although
access to the Flathead River may be restricted where the cantilevered structure would extend

over the existing river bank.

A transition from the at-grade roadway typical section to the cantilevered section would be
required. The cantilevered section would incorporate concrete barrier rail adjacent to the

Flathead River, matching new metal guardrail adjacent to the pavement section.

The cantilevered structure would vary in width depending on the number of travel lanes
associated with Alignment 2. An example of a two-lane cantilevered structure is illustrated in
Figure 3-1. Figures illustrating additional cantilevered structure variations are included in

Appendix 3.

Page 35



B

Improvement Options Report

Corridor Plannin

Figure 3-1 Two-Lane Cantilevered Structure
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Source: DOWL HKM, 2012.

Elevated Structure

An elevated structure could be constructed above the current US 2 roadway grade to avoid
impacting the rock outcrops. The elevated structure could be constructed using precast
concrete decking sitting atop concrete piers. Piers would be placed north of the existing US 2
roadway within the floodplain. The existing US 2 roadway could remain in place to provide

local access to Berne Memorial Park and the Flathead River.

A transition from the at-grade roadway typical section to the elevated section would be
required. Retaining walls could be used to raise the paved section and transition to the
elevated structure while minimizing the footprint at ground level. The existing roadway profile
drops in elevation through the constrained portion of the corridor at the point closest to the
Flathead River. This would allow shorter transitions from the existing profile to the finished

raised profile of the elevated structure.

The elevated structure would vary in width depending on the number of travel lanes. An
example of a two-lane elevated structure is illustrated in Figure 3-2. Figures illustrating

additional elevated structure variations are included in Appendix 3.
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Figure 3-2 Two-Lane Elevated Structure
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Source: DOWL HKM, 2012.

3.2.2 Structure Screening

Cost

Table 3.1 presents planning level cost estimate ranges for cantilevered and elevated structures.
Based on guidance provided by the MDT Bridge Bureau, conservative unit costs of $125 and

$175 per square foot were assumed for cantilevered and elevated structures, respectively.

Table 3.1 Planning Level Cost Estimates —Structures

Cantilevered Structure & Transition Sections $22.0M to $63.9M

Elevated Structure & Transition Sections $71.5M to $138.0M

Source: DOWL HKM, 2012.

@) Cost estimates are provided in 2012 dollars and reflect anticipated construction costs only. Costs reflect planning
level estimates, and should not be considered an actual cost encompassing all scenarios and circumstances.
Cost estimates do not include potential costs associated with right-of-way acquisition, utility relocation, preliminary
engineering, or operations and maintenance. Cost estimate tables are provided in Appendix 2.
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The planning level cost estimate for a cantilevered structure and transition sections within the
most constrained portion of the corridor (140.6+ to RP 141.2+) ranges from $22.0 million for a

two-lane structure to $63.9 million for a four-lane structure.

By comparison, an elevated structure and transition sections within the most constrained
portion of the corridor (140.6+ to RP 141.2%) is estimated to range from $71.5 million for a two-
lane structure to $138.0 million for a four-lane structure, two to three times the low and high
cost estimates for a cantilevered structure, respectively. For this reason, the cost of an
elevated structure is not considered practicable.

Community Support

Community members were somewhat supportive of a cantilevered structure that would
maintain access to Berne Memorial Park. Less support was expressed for an elevated structure
as it would eliminate direct access to Berne Memorial Park from US 2. Concern was also
expressed that an elevated structure would block views of the canyon and create wintertime

maintenance difficulties.

Screening Summary — Alignment 2 Structures

Table 3.2 summarizes the structure screening. Orange shading indicates failure to pass a
screening criterion. Based on failure to meet criteria relating to cost and community support,
elevated structure options are eliminated from further consideration and will not be discussed
further in this report. A cantilevered structure is advanced, with additional discussion of

potential Alignment 2 options provided later in this chapter.

Page 38



-

Corri‘do;— Planning Improvement Options Report

Table 3.2 Screening Summary —Structures (Alignment 2)

Alignment 2
Criteria

Cantilevered Structure Elevated Structure

(RP 140.6+ to RP 141.2+) (RP 140.6+ to RP 141.2+)
Planning Level Estimate of Costs" $22.0M to $63.9M $71.5M to $138.0M
Less Support
Eliminate from Further

Community Support‘z’ More Support

Recommendation Advance

Source: DOWL HKM, 2012.

Note: Shading indicates failure to meet criteria.

@) Estimates indicate capital construction costs for cantilevered and elevated structures within the most constrained
portion of the corridor (RP 140.6+ to RP 141.2+). Costs reflect planning level estimates, and should not be
considered an actual cost encompassing all scenarios and circumstances. Estimates do not include potential
costs associated with right-of-way acquisition, utility relocation, preliminary engineering, or operations and
maintenance. Cost ranges include two-lane, three-lane, and four-lane structures and transitions sections only and
do not include costs for reconstruction of the entire corridor. Cost estimate tables are provided in Appendix 2.

@ Indication of community support is based on feedback provided during informational meetings held in Columbia
Falls and Hungry Horse and written comments submitted during the study.

Consideration

3.2.3 Lane Configurations

Lane configurations considered for Alignment 2 are presented in the following sections.

Configurations include two-lane, three-lane, and four-lane segments.

All options would include shoulders in accordance with current MDT and American Association
of State Highway and Transportation (AASHTO) guidelines. Shoulder width has also been
shown to affect safety performance. Shoulders allow errant vehicles to correct their path and
return to the travel lane without leaving the paved surface. Shoulders provide an opportunity
for vehicles to pull over in emergency situations and enable speed limit enforcement by
providing locations for law enforcement officers to pull over speeding drivers. A wider top
width can also improve sight distance, allowing drivers to detect objects and animals in the
roadway.

A dedicated WB left-turn bay at Berne Memorial Park (RP 140.9+) could be incorporated in any
of the lane configurations. A left-turn bay would allow upstream traffic to continue without
delay and provide an exclusive lane from which to wait for a gap in opposing traffic to safely
execute a left turn.

A dedicated bicycle/pedestrian facility could also be incorporated with any of the lane

configurations. The facility could be constructed to the north or south of the existing roadway,
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although a facility to the south may minimize the need for crossings by providing access to
Berne Memorial Park and connecting to the existing trail systems.

Appropriate transitions would be needed at both ends of the corridor to tie into existing lane
configurations in Columbia Heights and Hungry Horse.

Two-Lane Configuration

The US 2 facility could be reconstructed along Alignment 2 with a single travel lane in each
direction through the corridor, as is currently provided. The reconstructed roadway would
meet current MDT design standards where practicable, including shoulders throughout the
study area and a new two-lane bridge replacing the existing South Fork Flathead River Bridge.
Figure 3-3 illustrates a two-lane configuration. Typical section figures are provided in Appendix
3.

Figure 3-3 Two-Lane Configuration
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Three-Lane / Two-Lane Configuration with Four-Lane South Fork Flathead River Bridge

Improvement Options Report

A combination of three-lane and two-lane sections was identified to improve passing

opportunities while minimizing potential impacts. Passing opportunities (two travel lanes in the

same direction) would be provided before traffic enters the most constrained portion of the
corridor (RP 140.6% to RP 141.2+). Passing lanes would be provided in the EB direction from RP
140.0 to RP 140.6% and from RP 141.2+ to RP 142.0+ in the WB direction. A single travel lane

would be provided in the opposing direction of travel in these locations. One travel lane in

each direction (with transition sections) would be provided to minimize the roadway footprint
from RP 140.6+ to RP 141.2+.

A new four-lane South Fork Flathead River Bridge would connect to the four existing travel

lanes within Hungry Horse. A four-lane bridge would allow MDT to consider further roadway

widening within the corridor during the design life of the structure without the need to replace

the bridge. Figure 3-4 illustrates the 3-2-3-4 configuration.

Figure 3-4
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Reverse Three-Lane / Two-Lane Configuration with Four-Lane South Fork Flathead River
Bridge

A reverse 3-2-3-4 configuration was identified that would provide passing lanes after traffic
volumes exit the most constrained portion of the corridor (RP 140.6+ to RP 141.2+). Passing
lanes would be provided from RP 140.0 to RP 140.6+ in the WB direction and from RP 141.2+ to
RP 142.0+ in the EB direction. All other features of the 3-2-3-4 configuration would remain the
same. This configuration would provide passing lanes after (i.e., heading away from) the most
constrained portion of the corridor with the intent of potentially providing safer transitions

from one-lane to two-lane sections.

As with the 3-2-3-4 configuration, a new four-lane South Fork Flathead River Bridge would be
constructed to allow flexibility during the design life of the structure. Figure 3-5 illustrates the

reverse 3-2-3-4 configuration.

Figure 3-5 Reverse 3-2-3-4 Configuration
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Four-Lane / Two-Lane Configuration

A 4-2-4 configuration was identified to improve passing opportunities while minimizing
potential resource impacts. A 4-2-4 would provide four travel lanes on the western end (140.0
to 140.61) and eastern end (RP 141.2+ to RP 142.4) of the corridor, while providing two travel
lanes through the most constrained portion of the corridor (RP 140.6+ to RP 141.2+). A four-
lane South Fork Flathead River Bridge would be provided with this configuration. Figure 3-6

illustrates the 4-2-4 configuration.

Figure 3-6 4-2-4 Configuration
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A configuration with four travel lanes throughout the corridor was identified to provide
corridor-wide safety and operational improvements. Figure 3-7 illustrates a four-lane
configuration.
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Figure 3-7 Four-Lane Configuration
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3.2.4 Lane Configuration Screening

Cost

Table 3.3 provides planning level cost estimates for each lane configuration. All estimates
include a cantilevered structure within the most constrained portion of the corridor (RP 140.6+
to RP 141.24).
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Table 3.3 Planning Level Cost Estimates for Alignment 2 Lane Configurations

Two-Lane Configuration $35.9M to $59.1M
3-2-3-4 Configuration $48.0M to $86.8M
Reverse 3-2-3-4 Configuration $48.0M to $86.8M
4-2-4 Configuration $57.2M to $90.9M
Four-Lane Configuration $65.0M to $110.2M

Source: DOWL HKM, 2012.
@ Cantilevered structure assumed within most constrained portion of corridor (RP 140.6+ to RP
141.24).
@ Estimates indicate capital construction costs for roadway reconstruction, including replacement of the
existing South Fork Flathead River Bridge and construction of a dedicated bicycle/pedestrian facility.
Costs reflect planning level estimates, and should not be considered an actual cost encompassing all
scenarios and circumstances. Estimates do not include potential costs associated with right-of-way
acquisition, utility relocation, preliminary engineering, or operations and maintenance. Cost estimate
tables are provided in Appendix 2.
Operations
Traffic conditions on transportation facilities are commonly evaluated using the Level of Service
(LOS) concept. The Highway Capacity Manual (HCM) 2010 defines LOS as a classification of
performance measured on an A to F scale, with LOS A representing the best operating
conditions from the traveler’s perspective and LOS F representing the worst. Within the study
corridor, US 2 falls under the HCM classification of a Class Il two-lane highway. Class Il two-lane
highways commonly pass through rugged or scenic areas where motorists do not necessarily
expect to travel at high speeds. The HCM defines LOS for Class Il two-lane highway on the basis
of the “percent time-spent-following” (PTSF) concept. PTSF represents the freedom to
maneuver and the comfort and convenience of travel. It reflects the average percentage of
time that vehicles must travel in platoons behind slower vehicles due to an inability to pass. As
more drivers are caught in a platoon behind a slow-moving vehicle, they will desire to make
more passing maneuvers. The two major factors affecting PTSF include passing capacity and
passing demand. The concept of passing capacity for a two-lane highway reflects that the
ability to pass is limited by the opposing traffic flow rate and the distribution of gaps within the
opposing flow. The concept of passing demand reflects that the desire or demand to pass
increases as the platoon of cars lengthens behind a slow-moving vehicle (i.e., as PTSF increases
in a given direction). Both passing capacity and passing demand are related to flow rates.

When traffic flow in both directions increases, passing demand increases and passing capacity

Page 45



Improvement Options Report

Corridor Planning Stud

decreases. The entire study corridor is currently striped as a no passing zone, eliminating
passing opportunities and negatively affecting LOS.

For a Class Il two-lane highway, six LOS categories ranging from A to F are used to describe
traffic operations, with LOS A representing the best conditions and LOS F representing the
worst. LOS F exists whenever demand flow in one or both directions exceeds the capacity of
the segment, operating conditions are unstable, and heavy congestion exists.

Table 3.4 presents LOS criteria for Class Il two-lane highway segments.

Table 3.4 LOS Criteria for Class Il Two-lane Highways
Level of Class Il Two-lane Highways
Service PTSF" (%)
A | <40.0
| >40.0 to 55.0
>55.0 0 70.0
>70.0to 85.0
>85
F Demand Exceeds Capacity

Source: HCM 2010, Exhibit 15-3 Automobile LOS for Two-lane Highways.
@ percent time-spent-following

Highway Capacity Software (HCS) Version 2010 was used to analyze LOS for a Class Il two-lane

highway in the corridor. Appendix 4 includes HCS analysis worksheets.

The percentage of heavy vehicles in the traffic stream was considered as part of the HCS
analysis. The HCM defines heavy vehicles as vehicles that have more than four tires touching
the pavement. Trucks, buses and recreational vehicles (RVs) are examples of heavy vehicles.
Trucks cover a wide range of vehicles, from lightly loaded vans and panel trucks to the most

heavily loaded haulers.

The entry of heavy vehicles into the traffic stream affects the number of vehicles that can be
served in two ways. They are larger than passenger cars and occupy more roadway space and
they also have poor operating capabilities compared to passenger cars, particularly with respect
to acceleration, deceleration, and the ability to maintain speed on upgrades. The inability of

heavy vehicles to keep pace with passenger cars in many situations creates large gaps in the
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traffic stream. The resulting inefficiencies in the use of roadway space may be especially
pronounced in the study corridor due to the absence of passing opportunities.

Table 3.5 presents the predicted results of the Class Il two-lane highway operational analysis for
peak season and adjusted annual average (2035) conditions for an average week (Monday —
Sunday). Analysis results assume the entire corridor would remain striped as a no passing zone.
Results for morning, evening, and off-peak hours are reported.

Table 3.5 Class Il Two-lane Highway Operational Analysis Results (2035)
Existing 2-Lane Section
Analysis Period RP 140.0 to RP 142.4
PTSF(1) (%) | LOS
AM Peak Hour EB 84.4
AM Peak Hour WB 71.6
Peak Median Off-Peak Hour EB 81.9
Season  |Median Off-Peak Hour WB 77.2
PM Peak Hour EB 75.4
PM Peak Hour WB 89.4
AM Peak Hour EB 69.8 C
AM Peak Hour WB 57.8 C
ﬁgjnuus;?d Median Off-Peak Hour EB 69.1 C
Average Median Off-Peak Hour WB 65.1 C
PM Peak Hour EB 60.0 C
PM Peak Hour WB 755 | D |

Source: DOWL HKM, 2011.
@ percent time-spent-following

The MDT Traffic Engineering Manual identifies the minimum desirable LOS for a principal
arterial facility in rolling terrain as LOS B. Using this criterion, the US 2 corridor is predicted to
operate at an undesirable LOS C to LOS E by 2035, depending on the hour, direction, and

season.

The capacity of a highway corridor is governed by its narrowest cross section. Passing lanes
provided at regular intervals in each direction of travel can improve LOS by decreasing PTSF.
PTSF is improved by allowing platoons in the direction of the passing lane to disperse through
unrestricted passing for the length of the passing lane. Passing lanes can eliminate the

formation of long platoons behind a slower-moving vehicle and provide operational benefits for
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some distance downstream before PTSF returns to its former level (without the passing lane).
This is described as the downstream effect. Passing lanes currently exist outside the study area
at both ends of the corridor, however their downstream effect is partially negated due to
slower speed limits within the communities of Columbia Heights and Hungry Horse.

Another method to improve LOS in the corridor is to provide additional capacity by widening
the facility from a two-lane highway to a four-lane highway with two travel lanes in each
direction.

The HCM defines LOS for multilane highways on the basis of density. Density is defined as the
proximity to other vehicles and is related to the freedom to maneuver within the traffic stream
(or the number of passenger cars per mile per lane). Table 3.6 presents LOS criteria for
multilane highway segments.

Table 3.6 LOS Criteria for Multilane Highways
Level of _ .
‘ Service ‘ Density (pc/mi/in)

>0t011.0

>11.0to0 18.0

>18.0t0 26.0
>26 to 35
>35to 45

Demand Exceeds Capacity

Source: HCM 2010, Exhibit 14-4 Automobile LOS for Multilane Highway Segments.
@ pc/mi/in: passenger cars per mile per lane

LOS F occurs when the demand flow rate exceeds capacity. In such cases, density values will be

above the threshold shown for LOS E, although specific values cannot be determined.

The following sections discuss predicted operations for each lane configuration. A dedicated
WB left-turn bay at Berne Memorial Park (RP 140.9+) could be incorporated with any of the
lane configurations. A left-turn bay would provide incremental operational improvements only
for WB traffic volumes. Appendix 4 includes HCS analysis worksheets indicating predicted

operations with and without a WB left-turn bay at Berne Memorial Park.
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Two-Lane Configuration

A two-lane configuration with shoulders in accordance with current MDT design standards
would provide no improvement in LOS compared to the existing two-lane configuration.
Although shoulders would likely improve safety in the corridor, they would not improve passing
conditions, PTSF, or LOS values.

Three-Lane / Two-Lane Configuration with Four-Lane South Fork Flathead River Bridge
Table 3.7 presents the predicted operations of a 3-2-3-4 configuration in 2035. A 3-2-3-4

configuration would improve corridor operations by at least one LOS value in both directions
during peak and off-peak hours of the day. The corridor is generally predicted to operate at an
acceptable LOS A or B during most times of the year, and narrowly exceed the LOS C threshold
in the peak season during the AM peak hour in the EB direction and the PM peak hour in the
WB direction by 2035.

A 3-2-3-4 configuration would result in an improvement over the existing two-lane
configuration by providing passing lanes in each direction before traffic volumes enter the most
constrained portion of the corridor, allowing vehicle queues to disperse. The portion of the
corridor from RP 140.0 to RP 142.0+ can be assessed as a single segment due to the
downstream effect created by the passing lanes in the 3-2-3-4 configuration.
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Table 3.7 Projected Operational Analysis Results: 3-2-3-4 Configuration (2035)
Existing 2-Lane 3-2-3-4 Configuration
Section
Analysis Period RP 140.0 to RP 140.0 to RP 142.0£ to
RP 142.4 RP 142.0+ RP 142.4
PTSE™ (%) | LOS | PTSE® (%) | LOS (p'gfr;‘ﬁl'%@) LOS
AM Peak Hour EB 84.4 57.0 C 8.0
AM Peak Hour WB 71.6 45.2 B 54
Peak Median Off-Peak Hour EB 81.9 54.8 B 7.3
Season  |Median Off-Peak Hour WB 77.2 48.9 B 6.5
PM Peak Hour EB 75.4 49.3 B 6.0
PM Peak Hour WB 89.4 58.8 C 10.1
AM Peak Hour EB 69.8 C 45.0 B 4.0 JAN
AM Peak Hour WB 57.8 C 34.5 A A
ﬁgjnuusgfd Median Off-Peak Hour EB 69.1 c 44.5 A
Average Median Off-Peak Hour WB 65.1 C 40.8 A
PM Peak Hour EB 60.0 C 38.0 A
PM Peak Hour WB 755 | B 476 A

Source: DOWL HKM, 2011.
@ percent time-spent-following
@ pe/milln: passenger cars per mile per lane

Reverse Three-Lane / Two-Lane Configuration with Four-Lane South Fork Flathead River Bridge

Table 3.8 presents the predicted operations of a reverse 3-2-3-4 configuration in 2035. A
reverse 3-2-3-4 configuration would improve corridor operations by at least one LOS value
where passing locations are provided after traffic volumes leave the most constrained portion
of the corridor (RP 140.0 to 140.6% in the WB direction and RP 141.2+ to 142.4 in the EB
direction). No improvement over the existing two-lane configuration would be provided before
(i.e., headed into) or within the canyon. The location of the passing lanes in the reverse 3-2-3-4
configuration creates a downstream effect extending outside the study corridor. The portion
of the corridor from RP 140.0 to RP 142.0+ is assessed as three separate segments due to the

three distinct operational conditions created by the passing lane locations.
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Table 3.8 Projected Operational Analysis Results: Reverse 3-2-3-4 Configuration (2035)
Existing
2-Lane Reverse 3-2-3-4 Configuration
Section
Analysis Period RP 140.0 to RP 140.0 to RP 140.6+ to RP 141.2+ to RP 142.0+ to
RP 142.4 RP 140.6+ RP 141.2+ RP 142.0+ RP 142.4
PTSF" PTSF" PTSF" PTSF" Density
(%) LOS (%) LOS (%) LOS (%) LOS (oc/mifin)® LOS
AM Peak Hour EB 84.4 84.4 84.4
AM Peak Hour WB 71.6 43.7
Peak Median Off-Peak Hour EB 81.9 81.9
Season  |Median Off-Peak Hour WB | 77.2 47.1
PM Peak Hour EB 75.4 75.4 A
PM Peak Hour WB 89.4 55.4 A
AM Peak Hour EB 69.8 C 69.8 A
AM Peak Hour WB 57.8 C 34.7 A
ﬁgjr:jusat\?d Median Off-Peak Hour EB | 69.1 | C | 69.1 A
Average Median Off-Peak Hour WB 65.1 C 39.7 A
PM Peak Hour EB 60.0 C 60.0 A
PM Peak Hour WB 755 [ D | 461 A

Source: DOWL HKM, 2011.
@ percent time-spent-following
@ pc/mi/in: passenger cars per mile per lane
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Four-Lane / Two-Lane Configuration

Table 3.9 presents the predicted operations of a 4-2-4 configuration in 2035. The four-lane
portions at both ends of the corridor would provide substantial operational benefits by giving
vehicles an opportunity to pass slower vehicles in both the WB and EB directions. Additionally,
a 4-2-4 configuration would provide a downstream effect that would carry throughout the
study corridor, resulting in improved LOS within the two-lane section from RP 140.6+ to RP
141.2+. The corridor is generally predicted to operate at an acceptable LOS A or B during most
times of the year, and narrowly exceed the LOS C threshold in the peak season during the PM
peak hour in the WB direction by 2035.

Table 3.9 Projected Operational Analysis Results: 4-2-4 Configuration (2035)
4-2-4 Configuration
Existing 2-Lane RP 140.0 to RP RP 140.6+ to
Analysis Period Section B (R RP 141.2+
141.2+ to RP 142.4
PTSF? (%) | LOS (pE/er:]]SII%(Z) Los | PTSF™ (%) | LOS
AM Peak Hour EB 84.4
AM Peak Hour WB 71.6
Peak Median Off-Peak Hour EB 81.9
Season  |Median Off-Peak Hour WB 77.2
PM Peak Hour EB 75.4
PM Peak Hour WB 89.4
AM Peak Hour EB 69.8
AM Peak Hour WB 57.8
Adjusted vjedian Off-Peak Hour EB 69.1
Annual ;
Average Median Off-Peak Hour WB 65.1
PM Peak Hour EB 60.0
PM Peak Hour WB 75.5

Source: DOWL HKM, 2012.
@ percent time-spent-following
@ pc/mi/ln: passenger cars per mile per lane

Four-Lane Configuration

Table 3.10 presents the predicted operations of a four-lane configuration in 2035. Constructing
a four-lane highway would provide LOS A throughout the entire corridor within the 2035

planning horizon.
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Table 3.10 Projected Operational Analysis Results: Four-Lane Configuration (2035)

Existing 2-Lane 4-Lane Section
Section Throughout Corridor
Analysis Period RP 140.0to RP 142.4 | RP 140.0to RP 142.4
Q) :
PT(OSAE | LOS (p'gfr;‘ﬁl'%m LOS
AM Peak Hour EB 84.4 A
AM Peak Hour WB 71.6 A
Peak Median Off-Peak Hour EB 81.9 A
Season  |Median Off-Peak Hour WB 77.2 A
PM Peak Hour EB 75.4 A
PM Peak Hour WB 89.4 A
AM Peak Hour EB 69.8 A
AM Peak Hour WB 57.8 A
ﬁginuusatfd Median Off-Peak Hour EB 69.1 A
Average Median Off-Peak Hour WB 65.1 A
PM Peak Hour EB 60.0 A
PM Peak Hour WB 75.5 A

Source: DOWL HKM, 2012.
@ percent time-spent-following
@ pe/milln: passenger cars per mile per lane

Summary
Table 3.11 presents a summary of operational analysis results for all lane configurations in

2035.
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Table 3.11 Summary of Projected Operational Analysis Results (2035)

Analysis Period

2-Lane
Configuration

(1)

3-2-3-4

Configuration®

)

Reverse 3-2-3-4 Configuration®

4-2-4

Configuration®

)

4-Lane
Configuration

AM Peak Hour EB

AM Peak Hour WB

Peak [Median Off-Peak Hour EB

Season (Median Off-Peak Hour WB

PM Peak Hour EB

PM Peak Hour WB

AM Peak Hour EB

RP 140.0 to RP

142.4

AM Peak Hour WB

Adjusted f\iedian Off-Peak Hour EB

Annual :
Median Off-Peak Hour WB

Average
PM Peak Hour EB

PM Peak Hour WB

Source: DOWL HKM, 2012.

RP
140.0 to
RP
142.0+

RP
142.0%
to RP
142.4

>>»>»>» > > > > > > > >

RP
140.0 to
RP
140.6x

RP
140.6%
to RP
141.2+

RP
141.2+
to RP
142.0+

@ Analysis results for two-lane configuration assume the entire corridor would remain striped as a no passing zone.

@ For 3-2-3-4, Reverse 3-2-3-4, and 4-2-4 configurations, range of LOS values indicates variance depending on number of lanes within each corridor segment.

RP
142.0%
to RP
142.4

>>»>»>»> > > > > > > >

RP 140.0
to RP
140.6+ &
RP 141.2+
to RP
142.4

>

ﬁ

>>»>»>»> > > > > > >

RP
140.6%
to RP
141.2+

RP 140.0 to
RP 142.4

%IDZDZDZD

> > > > >

Note: LOS values indicate predicted operations without a WB left-turn bay at Berne Memorial Park (RP 140.9+). A left-turn bay would provide marginal operational
improvements only for WB traffic volumes. Appendix 4 includes HCS analysis worksheets indicating projected operations with and without a WB left-turn bay at Berne

Memorial Park.
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Level of Anticipated Impact

A two-lane configuration would provide the smallest footprint and would result in the least
impacts throughout the corridor. The 3-2-3-4 and reverse 3-2-3-4 configurations would be
more impactful than a two-lane configuration, although the roadway would still be limited to
two travel lanes to minimize impacts in the most constrained portion of the corridor. Similarly a
4-2-4 configuration would be slightly more impactful, while still minimizing impacts within the
narrowest part of the corridor. A four-lane configuration throughout the corridor would have

the widest footprint and would result in the greatest level of impact.
Community Support

Two-Lane Configuration

Community members were supportive of a two-lane configuration throughout the corridor,
noting this configuration would result in the fewest impacts and maintain the existing corridor
character. Some concerns were expressed that a two-lane configuration with shoulders may
not sufficiently improve corridor operations. Other community members noted shoulders

would improve safety, and were less concerned with improving corridor operations.

3-2-3-4 and Reverse 3-2-3-4 Configurations

Community members were somewhat supportive of three-lane / two-lane configurations as
these could provide operational and safety benefits while minimizing impacts within the most
constrained portion of the corridor. Some community members perceived a three-lane / two-
lane combination may be an appropriate compromise given the competing environmental,

cultural/historical, safety, and operational issues and concerns in the corridor.

4-2-4 and Four-Lane Configurations

Less community support was expressed for a 4-2-4 configuration or a four-lane configuration
throughout the corridor. Potential improvements in corridor safety and operations provided by
four-lane sections were not perceived to justify the additional impacts to environmental and
cultural/historical resources that would result from a wider footprint. Four travel lanes

throughout the corridor received the least support.

Screening Summary
Table 3.12 summarizes the lane configuration screening. Orange shading indicates failure to
pass a screening criterion. Based on failure to meet criteria relating to cost, operations,

anticipated level of impact, and community support, the two-lane, reverse 3-2-3-4, and four-
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lane configurations are eliminated from further consideration and will not be discussed further

in this report. 3-2-3-4 and 4-2-4 lane configurations are advanced.

Table 3.12 Screening Summary — Lane Configurations (Alignment 2)
Alignment 2"
Criteria 2 Lanes Four Lanes
Throughout Throughout
Corridor Corridor
Planning Level Estimate $35.9M to $48.0M to $48.0M to $57.2M to $64.6M to
of Costs® $59.1M $86.8M $86.8M $90.9M $110.2M
Operations
Anticipated Level| of CtoE Atoc®? Ato E® Atoc® A
Service - 2035
Level of Anticipated Least Moderate Impacts Most
Impact® Impacts Less More Impacts
Community Supportm Most Support Some Support Some Support Some Support Least Support

Eliminate from Eliminate from Eliminate from
Recommendation Further Advance Further Advance Further
Consideration Consideration Consideration

Source: DOWL HKM, 2012.

Note: Shading indicates failure to meet criteria.

@ Cantilevered structure included within the most constrained portion of corridor (RP 140.6+ to RP 141.2+).

@ Estimates indicate capital construction costs for roadway reconstruction, including replacement of the existing South
Fork Flathead River Bridge and construction of a dedicated bicycle/pedestrian facility. Costs reflect planning level
estimates, and should not be considered an actual cost encompassing all scenarios and circumstances. Estimates
do not include potential costs associated with right-of-way acquisition, utility relocation, preliminary engineering, or
operations and maintenance. Cost estimate tables are provided in Appendix 2.

®Los ranges reflect values within the AM and PM peak hour and median off-peak hour during peak season and
adjusted annual average conditions. Additional detail is provided in Appendix 4.

@ Configurations narrowly exceed the LOS C threshold during the peak hour of the peak season; LOS A and B are
anticipated throughout the rest of the year.

® Reverse 3-2-3-4 improves LOS for the direction of travel outside of and heading away from the most constrained
portion of the corridor (as indicated by LOS A), but does not improve LOS before or within the most constrained
portion of the corridor (as indicated by LOS E).

© Level of anticipated impact is based on lane configuration footprint. Further analysis would be required during
project development to identify specific impacts.

) Indication of community support is based on feedback provided during informational meetings held in Columbia Falls
and Hungry Horse and written comments submitted during the study.
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4.0 SUMMARY OF RECOMMENDED IMPROVEMENT
OPTIONS

The US 2 — Badrock Canyon Corridor Planning Study has confirmed FEIS findings that

construction of a grade-separated structure, a tunnel, and new alignments north and south of
the existing US 2 alignment are not reasonable options based on cost, constructability, impacts,

right-of-way, and community support screening criteria.

The planning study recommends reconstruction of the corridor along Alignment 2 (Optimized
Existing Alignment) with either a 3-2-3-4 or 4-2-4 configuration, using a two-lane cantilevered
structure within the most constrained portion of the corridor (RP 140.6+ to RP 141.2+) and a
four-lane South Fork Flathead River Bridge. A two-lane cantilevered structure could be used to
avoid rock excavation and minimize the roadway footprint within the narrowest part of the
corridor. Shoulders and improved geometry are expected to reduce safety concerns
throughout the corridor. A dedicated bicycle/pedestrian facility would improve non-motorized
access in the corridor. A four-lane South Fork Flathead River Bridge would provide flexibility
during the design life of the structure to allow future roadway widening if necessary through
the corridor. The three- or four-lane sections at the eastern and western ends of the corridor
would provide passing opportunities and allow vehicle queues to disperse before entering the
most constrained area. The corridor is generally predicted to operate at an acceptable LOS A or
B during most times of the year, narrowly exceeding the LOS C threshold during the peak hour
of the peak season by 2035. Although this planning study confirms FEIS findings that a four-
lane configuration is needed to provide LOS B or better at all times of the day and year, a design
exception could be considered to balance the need to improve corridor safety and operations

with the need to minimize adverse impacts to resources in the corridor.

Full reconstruction of the corridor is recommended for long-term consideration within the 2035
planning horizon. Phasing may be appropriate to allow funding identification for construction
of shorter segments within the corridor. Replacement of the existing South Fork Flathead River
Bridge with a new four-lane bridge could be pursued first, followed by reconstruction of the
western (RP 140.0 to RP 140.6%) and eastern (141.2+ to RP 142.0%) ends of the corridor with
three-lane sections. The most constrained portion of the corridor (RP 140.6+ to RP 141.2%)

could be addressed last using a two-lane cantilevered structure.
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In the interim period before corridor wide reconstruction (Alignment 2), other short-, mid-, or
long-term, options could be implemented along the existing US 2 alignment (Alignment 1) to
provide incremental improvements in safety and corridor access. Several Alignment 1
improvements, including parking, rockfall prevention and a new South Fork Flathead River
Bridge, are considered stand-alone options that would remain if Alignment 2 reconstruction is
pursued at a later date. All other Alignment 1 options may need to be modified or replaced if
Alignment 2 roadway reconstruction is pursued. Some of the identified Alignment 1
improvements represent substantial transportation system investments. If Alignment 1
improvements are forwarded from this study, compatibility with future corridor reconstruction
should be considered.

Implementation of corridor improvement options is dependent on funding availability and

other system priorities. Recommended timeframes for implementation are defined as follows:

e Short-term: Implementation recommended within 1- to 5-year period
e Mid-term: Implementation recommended within 6- to 10-year period
e Long-term: Implementation recommended within 11- to 20-year period

Table 4.1 provides a menu of recommended improvements for consideration in the corridor.
Implementation of all options is not anticipated. Selection of some options may preclude

implementation of others.
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Table 4.1

Recommended Improvement

Menu of Recommended Improvements

Possible Locations

Planning Level

Estimate of Costs®”

Recommended Potentially Impacted

Implementation
Timeframe®

Resources / RW
Requirements

Access . RP 140.8+ to RP 141.0+
M Install Concrete Barrier (South Side of US 2) $100,000 to $150,000 Short-term No
. Construct Dedicated Throughout Corridor
. 3.6M to $6.6M Yes
Pztlj?;ilr?;n Bicycle/Pedestrian Facility (North Side of US 2) $ $ Mid-term to
oo ) Construct Bicycle/Pedestrian . long-term
Facilities . RP 140.8+ (North & South Sides of US 2) $1.0M to $2.5M Yes
Overcrossing
Install Culverts RP 140.8+; RP 141.1+; RP 141.2+; RP 142.0% $4,000 to $10,000 No
(North & South Sides of US 2) per location
Drainage'” ] . RP 140.8; RP 140.9+; RP141.8+ $1,000 to $15,000
m Re-grade Ditches (South Side of US 2) per location No
= Install Valley Gutter RP 141.0% (South Side of US 2) $3,000 to $5,000 No
GE) Parking(z) Construct Parking Lot RP 140.2+ (North Side of US 2) $400,000 to $500,000 Yes
() . .
> : @ | Install Guardrail with End | RP 140.3+; RP 141.9+; RP 142.3+(North & South $3,000 to $5,000
% Roadside Safety Treatments Sides of US 2) per location No
E Rockfall Install Wire Mesh RP 140.7+; RP 141.1+ $200,000 to $1.0M Ves
E Prevention" Stabilization Fence (South Side of US 2) per location
()
(S Rumble Strips“’ Insta.II Shoulder and. Throughout Corridor $2,100 to $2’700 Short-term to No
= Centerline Rumble Strips per mile mid-term
= . . ) . RP 140.9+; RP 141.3+; RP 142.0+
< Sight Distance Remove Vegetation (North & South Sides of US 2) $9,000 to $30,000 Yes
South Fork
Flathead River Reconstruct South Fork RP 142.1 $9.7M to $27.3M Yes
Bridge® Flathead River Bridge
RP 140.0+; RP 140.2+; RP 140.44;
Install Static Sign RP 140.6+; RP 141.0%; RP 141.1%; RP 1424+ | 900 ltgcﬁifr?o per No
Traffic Contr0|(1) (North & South Sides of US 2)
Install Variable Message | RP 140.0+; RP 142.3+ (North & South Sides of US | $20,000 to $250,000 No
Sign 2) per location
Wwildlife Passage!” |  Wildlife Undercrossing RP 140.2+ (North & South Sides of US 2) $920,000 to $1.1M Yes
Roadway Constrgct 3_.2_3_4 Throughout Corridor $48.0M to $86.8M Long-term Yes
Reconstruction® CCon?gu:afc;nﬂf
(Alignment 2) onstruct 4-= Throughout Corridor $57.2M to $90.9M Long-term Yes
Configuration

Source: DOWL HKM, 2012. lImprovements may need to be modified or replaced if Alignment 2 reconstruction is pursued at a later date.

@ stand-alone improvements could remain if Alignment 2 reconstruction is pursued at a later date.
@ Roadway reconstruction costs include replacement of the existing South Fork Flathead River Bridge with a new four-lane structure. Roadway reconstruction would be less costly
if the South Fork Flathead River Bridge is replaced separately as part of an Alignment 1 improvement.
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™ Costs reflect planning level estimates, and should not be considered an actual cost encompassing all scenarios and circumstances. Estimates do not include potential costs
associated with right-of-way acquisition, utility relocation, preliminary engineering, or operations and maintenance. Cost estimate tables are provided in Appendix 2.0
Recommended implementation timeframe does not indicate when projects will be programmed or implemented. Project programming is based on available funding and other

system priorities. Short-term: Implementation is recommended within a 1- to 5-year period; Mid-term: Implementation is recommended within a 6- to 10-year period; Long-term:
Implementation is recommended within a 11- to 20-year period.
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Appendix 1

Alignment Figures
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DOWL HKM

US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
TWO LANES THROUGHOUT CORRIDOR

Planning Level Estimate of Costs

. Average Bid Prices 2 Adjusted Unit Prices
e ot Approx. Quantity e 3
em Description ni Unit Price Amount Unit Price
¥ (Per Station) ! Amount
Dollars Dollars Dollars Dollars
TWO-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 515.00 CUYD $4.67 $2,405.00 $2,405.00
EMBANKMENT IN PLACE 160.00 CUYD $6.83 $1,093.00 $1,093.00
CRUSHED AGGREGATE COURSE 345.00 CUYD $18.79 $6,483.00 $6,483.00
COVER - TYPE 2 445.00 sQYD $0.51 $227.00 $227.00
DUST PALLIATIVE 1.00 TON $0.00 $120.00 $120.00
PLANT MIX BIT SURF GR S-3/4 IN 125.00 TON $25.37 $3,171.00 $3,171.00
ASPHALT CEMENT PG 64 64-28 7.00 TON $674.59 $4,722.00 $4,722.00
EMULS ASPHALT CRS-2P 1.00 TON $578.92 $579.00 $579.00
STRIPING-WHITE EPOXY 1.00 GAL $61.96 $62.00 $62.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00 $63.00
TWO-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $18,805.00 $18,925.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00 $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00 $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00 $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
TWO-LANE ROAD (FULL RECONSTRUCT) 112.70 $18,925.00 $2,100,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
CANTILEVER CONSTRUCTION (TWO-LANE) 1,850.00 41.50 $125.00 $9,600,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 11,000.00 CUYD $4.67 $51,400.00
EMBANKMENT IN PLACE 2,665.00 CUYD $6.83 $18,200.00
RETAINING WALL 28,710.00 SQFT $50.00 $1,400,000.00
CANTILEVER CONSTRUCTION (TWO-LANE) SUBTOTAL $11,100,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT * SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
STRUCTURE (TWO-LANE) 655.00 43.00 $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $16,000,000
SUBTOTAL 1 $18,100,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 ° 20% $3,600,000
MOBILIZATION @ 18% OF SUBTOTAL 1’ 18% $3,300,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $2,700,000
SUBTOTAL 2 $27,700,000)
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ® 9.64% $2,700,000
R 20% $5,500,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $13,900,000)
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $35,900,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY *° $44,300,000

! One station is equal to 100 feet.

zAverage MDT bid prices provided for the period January 2011 to December 2011.
3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.
4 The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.
® Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for this structure.

% The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.

7 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

8 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this

planning level cost estimate.

° The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.
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DOWL HKM

US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
TWO LANES THROUGHOUT CORRIDOR WITH DEDICATED BICYCLE/PEDESTRIAN FACILITY

Planning Level Estimate of Costs

. Average Bid Prices 2 Adjusted Unit Prices
R - Approx. Quantity U 5
em Description ni Unit Price Amount Unit Price
7 (Per Station) * Amount
Dollars Dollars Dollars Dollars
TWO-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 515.00 CUYD $4.67 $2,405.00| $2,405.00
EMBANKMENT IN PLACE 160.00 CUYD $6.83 $1,093.00| $1,093.00
CRUSHED AGGREGATE COURSE 345.00 CUYD $18.79 $6,483.00| $6,483.00
COVER - TYPE 2 445.00 sQYD $0.51 $227.00 $227.00
DUST PALLIATIVE 1.00 TON $0.00 $120.00 $120.00
PLANT MIX BIT SURF GR S-3/4 IN 125.00 TON $25.37 $3,171.00| $3,171.00
ASPHALT CEMENT PG 64 64-28 7.00 TON $674.59 $4,722.00| $4,722.00
EMULS ASPHALT CRS-2P 1.00 TON $578.92 $579.00 $579.00
STRIPING-WHITE EPOXY 1.00 GAL $61.96 $62.00 $62.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00) $63.00
TWO-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $18,805.00 $18,925.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00 $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00 $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00 $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
TWO-LANE ROAD (FULL RECONSTRUCT) 111.10 $18,925.00 $2,100,000
DEDICATED BICYCLE/PEDESTRIAN FACILITY 11.20 $2,767.00 $31,000
CONCRETE BARRIER RAIL 126.72 $7,060.00 $895,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
CANTILEVER CONSTRUCTION (TWO-LANE) 1,975.00 53.50 $125.00 $13,210,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 14,000.00 CUYD $4.67 $65,400.00
EMBANKMENT IN PLACE 7,200.00 CUYD $6.83 $49,200.00
RETAINING WALL 30,200.00 SQFT $50.00 $1,500,000.00
CANTILEVER CONSTRUCTION (TWO-LANE) SUBTOTAL $14,800,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT * SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
STRUCTURE (TWO-LANE) 655.00 [ 5500 | $175.00 56,300,000
STRUCTURE COST SUBTOTAL $21,100,000
SUBTOTAL 1 $24,200,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 ° 20% $4,800,000
MOBILIZATION @ 18% OF SUBTOTAL 1 18% $4,400,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $3,600,000
SUBTOTAL 2 $37,000,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ® 9.64% $3,600,000
R 20% $7,400,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $18,500,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $48,000,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY *° $59,100,000

! One station is equal to 100 feet.

2Average MDT bid prices provided for the period January 2011 to December 2011.

3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

*The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.
® Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for this structure.
© The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
” The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
8 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

° The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
TWO LANES THROUGHOUT CORRIDOR,
ELEVATEDTWO LANE ROADWAY STRUCTURE RP 140.6 - RP 141.2
Planning Level Estimate of Costs

. Average Bid Prices 2 Adjusted Unit Prices
. Approx. Quantity )
Item Description L1 Unit Unit Price Amount Unit Price Amount >
(Per Station)
Dollars Dollars Dollars Dollars
TWO-LANE ROAD (FULL RECONSTRUCT)

EXCAVATION-UNCLASS BORROW 515.00 CUYD $4.67 $2,405.00 $2,405.00
EMBANKMENT IN PLACE 160.00 CUYD $6.83 $1,093.00 $1,093.00
CRUSHED AGGREGATE COURSE 345.00 CUYD $18.79 $6,483.00 $6,483.00
COVER - TYPE 2 445.00 SQYD $0.51 $227.00 $227.00
DUST PALLIATIVE 1.00 TON $0.00 $120.00 $120.00
PLANT MIX BIT SURF GR $-3/4 IN 125.00 TON $25.37 $3,171.00 $3,171.00
ASPHALT CEMENT PG 64 64-28 7.00 TON $674.59 $4,722.00 $4,722.00
EMULS ASPHALT CRS-2P 1.00 TON $578.92 $579.00 $579.00
STRIPING-WHITE EPOXY 1.00 GAL $61.96 $62.00 $62.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00 $63.00
TWO-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $18,805.00 $18,925.00

CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL

TWO-LANE ROAD (FULL RECONSTRUCT) 85.11 $18,925.00 $1,600,000

CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL

ELEVATED STRUCTURE (TWO-LANE) 4,800.00 43.00 $175.00 $36,100,000

SOUTH FORK BRIDGE CONSTRUCTION

STRUCTURE (TWO-LANE) 655.00 43.00 $175.00 $4,900,000

STRUCTURE COST SUBTOTAL $41,000,000

SUBTOTAL 1 $42,600,000

ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 ° 20% $8,500,000
MOBILIZATION @ 18% OF SUBTOTAL 1 ° 18% $7,700,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $6,400,000
SUBTOTAL 2 $65,200,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2’ 9.64% $6,300,000
s 20% $13,000,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $32,600,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $84,500,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ° $104,100,000

! One station is equal to 100 feet.

ZAverage MDT bid prices provided for the period January 2011 to December 2011.

3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.
4 Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.

® The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
® The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

7 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
8A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

° The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2

TWO LANES THROUGHOUT CORRIDOR,

ELEVATEDTWO LANE ROADWAY STRUCTURE RP 140.6 - RP 141.2 WITH DEDICATED

BICYCLE/PEDESTRIAN FACILITY
Planning Level Estimate of Costs

. Average Bid Prices 2 Adjusted Unit Prices
. Approx. Quantity )
Item Description L1 Unit Unit Price Amount Unit Price Amount >
(Per Station)
Dollars Dollars Dollars Dollars
TWO-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 515.00 CUYD $4.67 $2,405.00 $2,405.00
EMBANKMENT IN PLACE 160.00 CUYD $6.83 $1,093.00 $1,093.00
CRUSHED AGGREGATE COURSE 345.00 CUYD $18.79 $6,483.00 $6,483.00
COVER - TYPE 2 445.00 SQYD $0.51 $227.00 $227.00
DUST PALLIATIVE 1.00 TON $0.00 $120.00 $120.00
PLANT MIX BIT SURF GR $-3/4 IN 125.00 TON $25.37 $3,171.00 $3,171.00
ASPHALT CEMENT PG 64 64-28 7.00 TON $674.59 $4,722.00 $4,722.00
EMULS ASPHALT CRS-2P 1.00 TON $578.92 $579.00 $579.00
STRIPING-WHITE EPOXY 1.00 GAL $61.96 $62.00 $62.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00 $63.00
TWO-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $18,805.00 $18,925.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
TWO-LANE ROAD (FULL RECONSTRUCT) 85.11 $18,925.00 $1,600,000
DEDICATED BICYCLE/PEDESTRIAN FACILITY 8.40 $2,767.00 $23,200
CONCRETE BARRIER RAIL 126.72 $7,060.00 $895,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
ELEVATED STRUCTURE (TWO-LANE) 4,800.00 43.00 $175.00 $36,100,000
SOUTH FORK BRIDGE CONSTRUCTION
STRUCTURE (TWO-LANE) 655.00 55.00 $175.00 $6,300,000
STRUCTURE COST SUBTOTAL $42,400,000
SUBTOTAL 1 $44,900,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 ° 20% $9,000,000
MOBILIZATION @ 18% OF SUBTOTAL1’ 18% $8,100,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $6,700,000
SUBTOTAL 2 $68,700,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2’ 9.64% $6,600,000
s 20% $13,700,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $34,400,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $89,000,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ° $109,700,000

! One station is equal to 100 feet.

ZAverage MDT bid prices provided for the period January 2011 to December 2011.

3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.
4 Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.

® The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
® The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
7 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
5A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

° The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
THREE LANES RP 140.0 - RP 140.6, TWO LANES RP 140.6 - RP 141.2,
THREE LANES RP 141.2 - RP 142.0, FOUR LANES RP 142.0 - 142.4

Planning Level Estimate of Costs

) Average Bid Prices 2 Adjusted Unit Prices
_ Approx. Quantity . — —
Item Description . 1 Unit Unit Price Amount Unit Price Amount ®
(Per Station)
Dollars Dollars Dollars Dollars
THREE-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 620.00 CUYD $4.67 $2,895.00) $2,895.00
EMBANKMENT IN PLACE 195.00 CUYD $6.83 $1,332.00| $1,332.00
CRUSHED AGGREGATE COURSE 425.00 CUYD $18.79 $7,986.00| $7,986.00
COVER - TYPE 2 600.00 SQYD $0.51 $306.00 $306.00
DUST PALLIATIVE 2.00 TON $0.00)| $120.00 $240.00
PLANT MIX BIT SURF GR S-3/4 IN 165.00 TON $25.37 $4,186.00)| $4,186.00
ASPHALT CEMENT PG 64 64-28 9.00 TON $674.59 $6,071.00| $6,071.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 1.00 GAL $61.96 $62.00| $62.00
STRIPING-YELLOW EPOXY 2.00 GAL $62.79 $126.00 $126.00
THREE-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $24,122.00 $24,362.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00 $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00)| $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00)| $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
THREE-LANE ROAD (FULL RECONSTRUCT) 112.70 $24,362.00 $2,700,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $20,250.00 $410,000
3 TO 4 LANE TRANSITION WEST OF BRIDGE 5.00 $28,155.00 $140,000
ROADWAY COST SUBTOTAL $3,300,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT 4 SUBTOTAL
CANTILEVER CONSTRUCTION (TWO-LANE) 1,850.00 41.50 $125.00 $9,600,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 11,000.00 CUYD $4.67 $51,000.00
EMBANKMENT IN PLACE 2,665.00 CUYD $6.83 $18,200.00
RETAINING WALL 28,710.00 SQFT $50.00 $1,400,000.00
CANTILEVER CONSTRUCTION (TWO-LANE) SUBTOTAL $11,100,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT ° SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) 655.00 | 43.00 | $175.00 $4,900,000
WB STRUCTURE (TWO-LANE) 655.00 | 43.00 | $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $20,900,000
SUBTOTAL 1 $24,200,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 s 20% $4,800,000
MOBILIZATION @ 18% OF SUBTOTAL 1 7 18% $4,400,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $3,600,000
SUBTOTAL 2 $37,000,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 8 9.64% $3,600,000
9 20% $7,400,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $18,500,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $48,000,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY *° $59,100,000

! One station is equal to 100 feet.

ZA\/erage MDT bid prices provided for the period January 2011 to December 2011.
3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

*The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.
® Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
© The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
7 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
8 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

1 The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
THREE LANES RP 140.0 - RP 140.6, TWO LANES RP 140.6 - RP 141.2,
THREE LANES RP 141.2 - RP 142.0, FOUR LANES RP 142.0 - 142.4 WITH DEDICATED

BICYCLE/PEDESTRIAN FACILITY
Planning Level Estimate of Costs

. Average Bid Prices Adjusted Unit Prices
e Approx. Quantity 5
Item Description . Unit Unit Price Amount Unit Price Amount ®
(Per Station)
Dollars Dollars Dollars Dollars
THREE-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 620.00 CUYD $4.67 $2,895.00 $2,895.00
EMBANKMENT IN PLACE 195.00 CuyYD $6.83 $1,332.00 $1,332.00
CRUSHED AGGREGATE COURSE 425.00 CUYD $18.79 $7,986.00 $7,986.00
COVER - TYPE 2 600.00 sQYD $0.51 $306.00 $306.00
DUST PALLIATIVE 2.00 TON $0.00 $120.00 $240.00
PLANT MIX BIT SURF GR 5-3/4 IN 165.00 TON $25.37 $4,186.00 $4,186.00
ASPHALT CEMENT PG 64 64-28 9.00 TON $674.59 $6,071.00 $6,071.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 1.00 GAL $61.96 $62.00 $62.00
STRIPING-YELLOW EPOXY 2.00 GAL $62.79 $126.00 $126.00
THREE-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $24,122.00 $24,362.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00 $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00 $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00 $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
THREE-LANE ROAD (FULL RECONSTRUCT) 111.10 $24,362.00 $2,700,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $20,250.00 $410,000
3 TO 4 LANE TRANSITION WEST OF BRIDGE 5.00 $28,155.00 $140,000
DEDICATED BICYCLE/PEDESTRIAN FACILITY 11.20 $2,767.00 $31,000
CONCRETE BARRIER RAIL 126.72 $7,060.00 $895,000
ROADWAY & DEDICATED BICYCLE/PEDESTRIAN FACILITY COST SUBTOTAL $4,200,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
CANTILEVER CONSTRUCTION (TWO-LANE) 1,975.00 53.50 $125.00 $13,210,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 14,000.00 CUYD $4.67 $65,000.00
EMBANKMENT IN PLACE 7,200.00 CuyYD $6.83 $49,200.00
RETAINING WALL 30,200.00 SQFT $50.00 $1,500,000.00
CANTILEVER CONSTRUCTION (TWO-LANE) SUBTOTAL $14,800,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT * SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE)® 655.00 [ 4300 | $175.00 $4,900,000
WB STRUCTURE (TWO-LANE) 655.00 [ 5500 | $175.00 $6,300,000
STRUCTURE COST SUBTOTAL $26,000,000
SUBTOTAL 1 $30,200,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1’ 20% $6,000,000
MOBILIZATION @ 18% OF SUBTOTAL 1 ° 18% $5,400,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $4,500,000
SUBTOTAL 2 $46,100,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $4,400,000
1 20% $9,200,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $23,100,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ** $59,700,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ** $73,600,000

! One station is equal to 100 feet.

zAverage MDT bid prices provided for the period January 2011 to December 2011.
3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.
*The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.
s Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.

© Dedicated bicycle/pedestrian facility could be incorporated on either eastbound or westbound bridge structure.

7 The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
8 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
9 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.

10

planning level cost estimate.

A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this

" The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
THREE LANES FROM RP140.0 - 142.0, FOUR LANES RP 142.0 - 142.4 WITH TURN BAY AT BERNE

PARK
Planning Level Estimate of Costs

) Average Bid Prices 2 Adjusted Unit Prices
_ Approx. Quantity . — —
Item Description . 1 Unit Unit Price Amount Unit Price Amount ®
(Per Station)
Dollars Dollars Dollars Dollars
THREE-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 620.00 CUYD $4.67 $2,895.00) $2,895.00
EMBANKMENT IN PLACE 195.00 CUYD $6.83 $1,332.00| $1,332.00
CRUSHED AGGREGATE COURSE 425.00 CUYD $18.79 $7,986.00| $7,986.00
COVER - TYPE 2 600.00 SQYD $0.51 $306.00 $306.00
DUST PALLIATIVE 2.00 TON $0.00)| $120.00 $240.00
PLANT MIX BIT SURF GR S-3/4 IN 165.00 TON $25.37 $4,186.00)| $4,186.00
ASPHALT CEMENT PG 64 64-28 9.00 TON $674.59 $6,071.00| $6,071.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 1.00 GAL $61.96 $62.00| $62.00
STRIPING-YELLOW EPOXY 2.00 GAL $62.79 $126.00 $126.00
THREE-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $24,122.00 $24,362.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00 $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00)| $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00)| $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
THREE-LANE ROAD (FULL RECONSTRUCT) 111.73 $24,362.00 $2,700,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $20,250.00 $410,000
3 TO 4 LANE TRANSITION WEST OF BRIDGE 5.00 $28,155.00 $140,000
ROADWAY COST SUBTOTAL $3,300,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT 4 SUBTOTAL
CANTILEVER CONSTRUCTION (THREE-LANE) 1,975.00 55.50 $125.00 $13,700,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 15,000.00 CUYD $4.67 $70,100.00
EMBANKMENT IN PLACE 7,860.00 CUYD $6.83 $53,700.00
RETAINING WALL 30,555.00 SQFT $50.00 $1,500,000.00
CANTILEVER CONSTRUCTION (THREE-LANE) SUBTOTAL $15,300,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT ° SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) 655.00 | 43.00 | $175.00 $4,900,000
WB STRUCTURE (TWO-LANE) 655.00 | 43.00 | $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $25,100,000
SUBTOTAL 1 $28,400,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 s 20% $5,700,000
MOBILIZATION @ 18% OF SUBTOTAL 1 7 18% $5,100,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $4,300,000
SUBTOTAL 2 $43,500,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 8 9.64% $4,200,000
9 20% $8,700,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $21,800,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $56,400,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY *° $69,500,000

! One station is equal to 100 feet.

ZA\/erage MDT bid prices provided for the period January 2011 to December 2011.
3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

*The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.
® Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.

© The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
7 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
8 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.

°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

1 The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
THREE LANES FROM RP140.0 - 142.0, FOUR LANES RP 142.0 - 142.4 WITH TURN BAY AT BERNE
PARK & WITH DEDICATED BICYCLE/PEDESTRIAN FACILITY

Planning Level Estimate of Costs

. Average Bid Prices > Adjusted Unit Prices
0 5 ioti Approx. Quantity Unit TG A TG 3
em Description . ni nit Price mount nit Price
(Per Station) * Amolint
Dollars Dollars Dollars Dollars
THREE-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 620.00 cuYD $4.67 $2,895.00 $2,895.00
EMBANKMENT IN PLACE 195.00 cuYD $6.83 $1,332.00 $1,332.00
CRUSHED AGGREGATE COURSE 425.00 cuYD $18.79 $7,986.00 $7,986.00
COVER - TYPE 2 600.00 sQYD $0.51 $306.00 $306.00
DUST PALLIATIVE 2.00 TON $0.00) $120.00 $240.00
PLANT MIX BIT SURF GR 5-3/4 IN 165.00 TON $25.37 $4,186.00 $4,186.00
ASPHALT CEMENT PG 64 64-28 9.00 TON $674.59 $6,071.00 $6,071.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 1.00 GAL $61.96 $62.00 $62.00
STRIPING-YELLOW EPOXY 2.00 GAL $62.79 $126.00 $126.00
THREE-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $24,122.00 $24,362.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00 $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00) $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00) $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
THREE-LANE ROAD (FULL RECONSTRUCT) 110.13 $24,362.00 $2,700,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $20,250.00 $410,000
3 TO 4 LANE TRANSITION WEST OF BRIDGE 5.00 $28,155.00 $140,000
DEDICATED BICYCLE/PEDESTRIAN FACILITY 11.00 $2,767.00 $30,400
CONCRETE BARRIER RAIL 126.72 $7,060.00 $895,000
ROADWAY & DEDICATED BICYCLE/PEDESTRIAN FACILITY COST SUBTOTAL $4,200,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
CANTILEVER CONSTRUCTION (THREE-LANE) 2,180.00 67.50 $125.00 $18,390,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 18,500.00 cuYD $4.67 $86,400.00
EMBANKMENT IN PLACE 14,200.00 cuYD $6.83 $97,000.00
RETAINING WALL 31,900.00 SQFT $50.00 $1,600,000.00
CANTILEVER CONSTRUCTION (THREE-LANE) SUBTOTAL $20,200,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT * SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) ® 655.00 [ 5500 $175.00 $6,300,000
WB STRUCTURE (TWO-LANE) 655.00 [ 4300 ] $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $31,400,000
SUBTOTAL 1 $35,600,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1’ $7,100,000
MOBILIZATION @ 18% OF SUBTOTAL 1 ° $6,400,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 $5,300,000
SUBTOTAL 2 $54,400,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $5,200,000
10 $10,900,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
$27,200,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ** $70,500,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ** $86,800,000

* One station is equal to 100 feet.

2 Average MDT bid prices provided for the period January 2011 to December 2011.
3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

*The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.
s Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
¢ Dedicated bicycle/pedestrian facility could be incorporated on either eastbound or westbound bridge structure.
7 The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
8 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

? Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.

op contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

! The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
FOUR LANES RP 140.0 - RP 140.6, THREE LANES RP 140.6 - RP 141.2,

FOUR LANES RP 141.2 - RP 142.4
Planning Level Estimate of Costs

) Average Bid Prices 2 Adjusted Unit Prices
_ Approx. Quantity . — —
Item Description . 1 Unit Unit Price Amount Unit Price Amount ®
(Per Station)
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 690.00 CUYD $4.67 $3,222.00 $3,222.00
EMBANKMENT IN PLACE 220.00 CUYD $6.83 $1,503.00 $1,503.00
CRUSHED AGGREGATE COURSE 485.00 CUYD $18.79 $9,113.00| $9,113.00
COVER - TYPE 2 715.00 SQYD $0.51 $365.00 $365.00
DUST PALLIATIVE 2.00 TON $0.00)| $120.00 $240.00
PLANT MIX BIT SURF GR S-3/4 IN 195.00 TON $25.37 $4,947.00| $4,947.00
ASPHALT CEMENT PG 64 64-28 11.00 TON $674.59 $7,420.00| $7,420.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00| $63.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $27,915.00 $28,155.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00 $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00)| $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00)| $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 110.05 $28,155.00 $3,100,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
ROADWAY COST SUBTOTAL $3,700,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT 4 SUBTOTAL
CANTILEVER CONSTRUCTION (THREE-LANE) 1,975.00 55.50 $125.00 $13,700,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 15,000.00 CUYD $4.67 $70,100.00
EMBANKMENT IN PLACE 7,860.00 CUYD $6.83 $53,700.00
RETAINING WALL 30,555.00 SQFT $50.00 $1,500,000.00
CANTILEVER CONSTRUCTION (THREE-LANE) SUBTOTAL $15,300,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT ° SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) 655.00 | 43.00 | $175.00 $4,900,000
WB STRUCTURE (TWO-LANE) 655.00 | 43.00 | $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $25,100,000
SUBTOTAL 1 $28,800,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 s 20% $5,800,000
MOBILIZATION @ 18% OF SUBTOTAL 1 7 18% $5,200,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $4,300,000
SUBTOTAL 2 $44,100,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 8 9.64% $4,300,000
9 20% $8,800,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $22,100,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $57,200,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY *° $70,500,000

! One station is equal to 100 feet.

ZA\/erage MDT bid prices provided for the period January 2011 to December 2011.
3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

*The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.
® Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
© The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
7 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
8 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

1 The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
FOUR LANES RP 140.0 - RP 140.6, THREE LANES RP 140.6 - RP 141.2,
FOUR LANES RP 141.2 - RP 142.4 WITH DEDICATED BICYCLE/PEDESTRIAN FACILITY

Planning Level Estimate of Costs

§ Average Bid Prices Adjusted Unit Prices
0 5 ioti Approx. Quantity Unit TG A TG 3
em Description . ni nit Price mount nit Price
(Per Station) * Amolint
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 690.00 cuYD $4.67 $3,222.00 $3,222.00
EMBANKMENT IN PLACE 220.00 cuYD $6.83 $1,503.00 $1,503.00
CRUSHED AGGREGATE COURSE 485.00 cuYD $18.79 $9,113.00 $9,113.00
COVER - TYPE 2 715.00 sQYD $0.51 $365.00 $365.00
DUST PALLIATIVE 2.00 TON $0.00) $120.00 $240.00
PLANT MIX BIT SURF GR 5-3/4 IN 195.00 TON $25.37 $4,947.00 $4,947.00
ASPHALT CEMENT PG 64 64-28 11.00 TON $674.59 $7,420.00 $7,420.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00 $63.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $27,915.00 $28,155.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00 $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00) $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00) $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 110.13 $28,155.00 $3,100,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
DEDICATED BICYCLE/PEDESTRIAN FACILITY 11.00 $2,767.00 $30,400
CONCRETE BARRIER RAIL 126.72 $7,060.00 $895,000
ROADWAY & DEDICATED BICYCLE/PEDESTRIAN FACILITY COST SUBTOTAL $4,700,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
CANTILEVER CONSTRUCTION (THREE-LANE) 2,180.00 67.50 $125.00 $18,400,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 18,500.00 cuYD $4.67 $86,400.00
EMBANKMENT IN PLACE 14,200.00 cuYD $6.83 $97,000.00
RETAINING WALL 31,900.00 SQFT $50.00 $1,600,000.00
CANTILEVER CONSTRUCTION (THREE-LANE) SUBTOTAL $20,200,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT * SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) ® 655.00 [ 5500 $175.00 $6,300,000
WB STRUCTURE (TWO-LANE) 655.00 [ 4300 ] $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $31,400,000
SUBTOTAL 1 $36,100,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1’ 20% $7,200,000
MOBILIZATION @ 18% OF SUBTOTAL 1 ° 18% $6,500,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $5,400,000
SUBTOTAL 2 $55,200,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $5,300,000
10 20% $11,000,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $27,600,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ** $71,500,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ** $88,100,000

* One station is equal to 100 feet.

2 Average MDT bid prices provided for the period January 2011 to December 2011.
3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.
*The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.
s Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
¢ Dedicated bicycle/pedestrian facility could be incorporated on either eastbound or westbound bridge structure.
7 The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
8 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
? Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
op contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

! The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.



US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
‘ FOUR LANES WITH CENTER MEDIAN RP 140.0 - RP 140.6, THREE LANES RP 140.6 - RP 141.2, FOUR
LANES WITH CENTER MEDIAN RP 141.2 - RP 142.4
Planning Level Estimate of Costs

DOWL HKM

. Average Bid Prices Adjusted Unit Prices
L Approx. Quantity )
Item Description . 1 Unit Unit Price Amount Unit Price Amount 3
(Per Station)
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 765.00 CUYD $4.67 $3,573.00 $3,573.00
EMBANKMENT IN PLACE 240.00 CUYD $6.83 $1,639.00 $1,639.00
CRUSHED AGGREGATE COURSE 545.00 CUYD $18.79 $10,241.00| $10,241.00
COVER - TYPE 2 825.00 sQYD $0.51 $421.00 $421.00
DUST PALLIATIVE 2.00 TON $0.00 $120.00 $240.00
PLANT MIX BIT SURF GR S-3/4 IN 220.00 TON $25.37 $5,581.00 $5,581.00
ASPHALT CEMENT PG 64 64-28 12.00 TON $674.59 $8,095.00 $8,095.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
CONCRETE BARRIER RAIL 10.00 EACH $706.02 $7,060.00 $7,060.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 2.00 GAL $62.79 $126.00) $126.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $38,018.00| $38,258.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00| $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00 $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00 $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 109.33 $38,258.00 $4,200,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
ROADWAY COST SUBTOTAL $4,800,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
CANTILEVER CONSTRUCTION (THREE-LANE) 1,975.00 55.50 $125.00 $13,700,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 15,000.00 CUYD $4.67 $70,100.00
EMBANKMENT IN PLACE 7,860.00 CUYD $6.83 $53,700.00
RETAINING WALL 30,555.00 SQFT $50.00 $1,500,000.00
CANTILEVER CONSTRUCTION (THREE-LANE) SUBTOTAL $15,300,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT ® SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) 655.00 [ 4300 ] $175.00 $4,900,000
WB STRUCTURE (TWO-LANE) 655.00 [ 4300 ] $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $25,100,000
SUBTOTAL 1 $29,900,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 ° 20% $6,000,000
MOBILIZATION @ 18% OF SUBTOTAL 1’ 18% $5,400,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $4,500,000
SUBTOTAL 2 $45,800,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $4,400,000
5 20% $9,200,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $22,900,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $59,400,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY *° $73,100,000

! One station is equal to 100 feet.

2Average MDT bid prices provided for the period January 2011 to December 2011.

3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

*The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.

® Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
© The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
7 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

8 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.

°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this
planning level cost estimate.

° The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all
scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
FOUR LANES WITH CENTER MEDIAN RP 140.0 - RP 140.6, THREE LANES RP 140.6 - RP 141.2,
FOUR LANES WITH CENTER MEDIAN RP 141.2 - RP 142.4 WITH DEDICATED

BICYCLE/PEDESTRIAN FACILITY
Planning Level Estimate of Costs

. Average Bid Prices Adjusted Unit Prices
e Approx. Quantity 5
Item Description . Unit Unit Price Amount Unit Price Amount ®
(Per Station)
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 765.00 cuYD $4.67 $3,573.00 $3,573.00
EMBANKMENT IN PLACE 240.00 CuYD $6.83 $1,639.00 $1,639.00
CRUSHED AGGREGATE COURSE 545.00 cuYD $18.79 $10,241.00 $10,241.00
COVER - TYPE 2 825.00 sQYD $0.51 $421.00 $421.00
DUST PALLIATIVE 2.00 TON $0.00! $120.00 $240.00
PLANT MIX BIT SURF GR $-3/4 IN 220.00 TON $25.37 $5,581.00 $5,581.00
ASPHALT CEMENT PG 64 64-28 12.00 TON $674.59 $8,095.00 $8,095.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
CONCRETE BARRIER RAIL 10.00 EACH $706.02 $7,060.00 $7,060.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 2.00 GAL $62.79 $126.00 $126.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $38,018.00 $38,258.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00 $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00 $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00 $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 110.13 $38,258.00 $4,200,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
DEDICATED BICYCLE/PEDESTRIAN FACILITY 11.00 $2,767.00 $30,400
CONCRETE BARRIER RAIL 126.72 $7,060.00 $895,000
ROADWAY & DEDICATED BICYCLE/PEDESTRIAN FACILITY COST SUBTOTAL $5,800,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
CANTILEVER CONSTRUCTION (THREE-LANE) 2,180.00 67.50 $125.00 $18,400,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 18,500.00 CuYD $4.67 $86,400.00
EMBANKMENT IN PLACE 14,200.00 cuYD $6.83 $97,000.00
RETAINING WALL 31,900.00 SQFT $50.00 $1,600,000.00
CANTILEVER CONSTRUCTION (THREE-LANE) SUBTOTAL $20,200,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT ° SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) ® 655.00 [ 5500 | $175.00 $6,300,000
WB STRUCTURE (TWO-LANE) 655.00 [ 4300 | $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $31,400,000
SUBTOTAL 1 $37,200,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 17 20% $7,400,000
MOBILIZATION @ 18% OF SUBTOTAL 1° 18% $6,700,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $5,600,000
SUBTOTAL 2 $56,900,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $5,500,000
© 20% $11,400,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $28,500,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ** $73,800,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ** $90,900,000

! One station is equal to 100 feet.

ZAverage MDT bid prices provided for the period January 2011 to December 2011.

3

Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

*The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.
° Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
© Dedicated bicycle/pedestrian facility could be incorporated on either eastbound or westbound bridge structure.
” The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
% The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
? Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.

0 contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this

planning level cost estimate.

" The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2

FOUR LANES THROUGHOUT CORRIDOR
Planning Level Estimate of Costs

) Average Bid Prices 2 Adjusted Unit Prices
_ Approx. Quantity . — —
Item Description . 1 Unit Unit Price Amount Unit Price Amount ®
(Per Station)
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 690.00 CUYD $4.67 $3,222.00 $3,222.00
EMBANKMENT IN PLACE 220.00 CUYD $6.83 $1,503.00 $1,503.00
CRUSHED AGGREGATE COURSE 485.00 CUYD $18.79 $9,113.00| $9,113.00
COVER - TYPE 2 715.00 SQYD $0.51 $365.00 $365.00
DUST PALLIATIVE 2.00 TON $0.00)| $120.00 $240.00
PLANT MIX BIT SURF GR S-3/4 IN 195.00 TON $25.37 $4,947.00| $4,947.00
ASPHALT CEMENT PG 64 64-28 11.00 TON $674.59 $7,420.00| $7,420.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00| $63.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $27,915.00 $28,155.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00 $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00)| $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00)| $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 110.05 $28,155.00 $3,100,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
ROADWAY COST SUBTOTAL $3,700,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT 4 SUBTOTAL
CANTILEVER CONSTRUCTION (FOUR-LANE) 2,115.00 65.00 $125.00 $17,200,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 18,000.00 CUYD $4.67 $84,060.00
EMBANKMENT IN PLACE 13,980.00 CUYD $6.83 $95,500.00
RETAINING WALL 31,590.00 SQFT $50.00 $1,600,000.00
CANTILEVER CONSTRUCTION (FOUR-LANE) SUBTOTAL $19,000,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT ° SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) 655.00 | 43.00 | $175.00 $4,900,000
WB STRUCTURE (TWO-LANE) 655.00 | 43.00 | $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $28,800,000
SUBTOTAL 1 $32,500,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 s 20% $6,500,000
MOBILIZATION @ 18% OF SUBTOTAL 1 7 18% $5,900,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $4,900,000
SUBTOTAL 2 $49,800,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 8 9.64% $4,800,000
9 20% $10,000,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $24,900,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $64,600,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY *° $79,500,000

! One station is equal to 100 feet.

ZA\/erage MDT bid prices provided for the period January 2011 to December 2011.
3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

*The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.
® Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
© The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
7 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
8 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

1 The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.



‘ US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
FOUR LANES THROUGHOUT CORRIDOR WITH DEDICATED BICYCLE/PEDESTRIAN FACILITY

DOWL HK M Planning Level Estimate of Costs
. Average Bid Prices > Adjusted Unit Prices
0 5 ioti Approx. Quantity Unit TG A TG 3
em Description . ni nit Price mount nit Price
(Per Station) * Amolint
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 690.00 CuyYD $4.67 $3,222.00 $3,222.00
EMBANKMENT IN PLACE 220.00 CuYD $6.83 $1,503.00 $1,503.00
CRUSHED AGGREGATE COURSE 485.00 CuyYD $18.79 $9,113.00 $9,113.00
COVER - TYPE 2 715.00 sQYD $0.51 $365.00 $365.00
DUST PALLIATIVE 2.00 TON $0.00 $120.00 $240.00
PLANT MIX BIT SURF GR 5-3/4 IN 195.00 TON $25.37 $4,947.00 $4,947.00
ASPHALT CEMENT PG 64 64-28 11.00 TON $674.59 $7,420.00 $7,420.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00 $63.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $27,915.00 $28,155.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00 $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00 $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00 $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 117.05 $28,155.00 $3,300,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
DEDICATED BICYCLE/PEDESTRIAN FACILITY 11.50 $2,767.00 $31,800
CONCRETE BARRIER RAIL 126.72 $7,060.00 $895,000
ROADWAY & DEDICATED BICYCLE/PEDESTRIAN FACILITY COST SUBTOTAL $4,900,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
CANTILEVER CONSTRUCTION (FOUR-LANE) 2,510.00 77.00 $125.00 $24,200,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 22,000.00 CuUYD $4.67 $102,740.00
EMBANKMENT IN PLACE 21,500.00 CuyYD $6.83 $146,800.00
RETAINING WALL 36,500.00 SQFT $50.00 $1,800,000.00
CANTILEVER CONSTRUCTION (FOUR-LANE) SUBTOTAL $26,200,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT * SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) ® 655.00 [ 5500 $175.00 $6,300,000
WB STRUCTURE (TWO-LANE) 655.00 [ 4300 ] $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $37,400,000
SUBTOTAL 1 $42,300,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1’ 20% $8,500,000
MOBILIZATION @ 18% OF SUBTOTAL 1 ° 18% $7,600,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $6,300,000
SUBTOTAL 2 $64,700,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $6,200,000
© 20% $12,900,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $32,400,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ** $83,800,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ** $103,300,000

* One station is equal to 100 feet.

2 Average MDT bid prices provided for the period January 2011 to December 2011.

3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

*The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.

s Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.

¢ Dedicated bicycle/pedestrian facility could be incorporated on either eastbound or westbound bridge structure.

7 The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
8 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

? Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.

op contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning
level cost estimate.

! The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all
scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2

FOUR LANES THROUGHOUT CORRIDOR,

ELEVATED FOUR LANE ROADWAY STRUCTURE RP 140.6 - RP 141.2

Planning Level Estimate of Costs

. Average Bid Prices 2 Adjusted Unit Prices
. Approx. Quantity )
Item Description L1 Unit Unit Price Amount Unit Price Amount >
(Per Station)
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 690.00 CUYD $4.67 $3,222.00 $3,222.00
EMBANKMENT IN PLACE 220.00 CUYD $6.83 $1,503.00 $1,503.00
CRUSHED AGGREGATE COURSE 485.00 CUYD $18.79 $9,113.00 $9,113.00
COVER - TYPE 2 715.00 SQYD $0.51 $365.00 $365.00
DUST PALLIATIVE 2.00 TON $0.00 $120.00 $240.00
PLANT MIX BIT SURF GR S-3/4 IN 195.00 TON $25.37 $4,947.00 $4,947.00
ASPHALT CEMENT PG 64 64-28 11.00 TON $674.59 $7,420.00 $7,420.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00 $63.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $27,915.00 $28,155.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 85.11 $28,155.00 $2,400,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
ROADWAY COST SUBTOTAL $3,000,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT 4 SUBTOTAL
ELEVATED STRUCTURE (FOUR-LANE) 4,800.00 67.00 $175.00 $56,300,000
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) 655.00 43.00 $175.00 $4,900,000
WB STRUCTURE (TWO-LANE) 655.00 43.00 $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $66,100,000
SUBTOTAL 1 $69,100,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1° 20% $13,800,000
MOBILIZATION @ 18% OF SUBTOTAL 1 © 18% $12,400,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $10,400,000
SUBTOTAL 2 $106,000,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 7 9.64% $10,200,000
s 20% $21,200,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $53,000,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $137,000,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ° $169,000,000

* One station is equal to 100 feet.

2Average MDT bid prices provided for the period January 2011 to December 2011.
® Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.
4 Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.

® The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
® The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
7 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.

EA contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

° The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2

FOUR LANES THROUGHOUT CORRIDOR,

ELEVATED FOUR LANE ROADWAY STRUCTURE RP 140.6 - RP 141.2 WITH DEDICATED

BICYCLE/PEDESTRIAN FACILITY
Planning Level Estimate of Costs

. Average Bid Prices 2 Adjusted Unit Prices
. Approx. Quantity )
Item Description L1 Unit Unit Price Amount Unit Price Amount >
(Per Station)
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 690.00 CUYD $4.67 $3,222.00 $3,222.00
EMBANKMENT IN PLACE 220.00 CUYD $6.83 $1,503.00 $1,503.00
CRUSHED AGGREGATE COURSE 485.00 CUYD $18.79 $9,113.00 $9,113.00
COVER - TYPE 2 715.00 SQYD $0.51 $365.00 $365.00
DUST PALLIATIVE 2.00 TON $0.00 $120.00 $240.00
PLANT MIX BIT SURF GR S-3/4 IN 195.00 TON $25.37 $4,947.00 $4,947.00
ASPHALT CEMENT PG 64 64-28 11.00 TON $674.59 $7,420.00 $7,420.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00 $63.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $27,915.00 $28,155.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 85.11 $28,155.00 $2,400,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
DEDICATED BICYCLE/PEDESTRIAN FACILITY 8.40 $2,767.00 $23,200
CONCRETE BARRIER RAIL 126.72 $7,060.00 $895,000
ROADWAY & DEDICATED BICYCLE/PEDESTRIAN FACILITY COST SUBTOTAL $4,000,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT 4 SUBTOTAL
ELEVATED STRUCTURE (FOUR-LANE) 4,800.00 67.00 $175.00 $56,300,000
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) > 655.00 55.00 $175.00 $6,300,000
WB STRUCTURE (TWO-LANE) 655.00 43.00 $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $67,500,000
SUBTOTAL 1 $71,500,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 ° 20% $14,300,000
MOBILIZATION @ 18% OF SUBTOTAL 1 7 18% $12,900,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $10,700,000
SUBTOTAL 2 $109,000,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 8 9.64% $10,500,000
s 20% $21,800,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $54,500,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $141,000,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY *° $174,000,000

* One station is equal to 100 feet.
2Average MDT bid prices provided for the period January 2011 to December 2011.
3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.
4 Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
® Dedicated bicycle/pedestrian facility could be incorporated on either eastbound or westbound bridge structure.
© The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
7 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
8 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

1% The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all
scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2

FOUR LANES THROUGHOUT CORRIDOR,

CANTILIVER AND RAISED ROADWAY STRUCTURE RP 140.0 - RP 141.2

Planning Level Estimate of Costs

. Average Bid Prices > Adjusted Unit Prices
R - Approx. Quantity U 5
em Description ni Unit Price Amount Unit Price
7 (Per Station) * Amount
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 690.00 CUYD $4.67 $3,222.00| $3,222.00
EMBANKMENT IN PLACE 220.00 CUYD $6.83 $1,503.00| $1,503.00
CRUSHED AGGREGATE COURSE 485.00 CUYD $18.79 $9,113.00| $9,113.00
COVER - TYPE 2 715.00 sQYD $0.51 $365.00 $365.00
DUST PALLIATIVE 2.00 TON $0.00 $120.00 $240.00
PLANT MIX BIT SURF GR $-3/4 IN 195.00 TON $25.37 $4,947.00| $4,947.00
ASPHALT CEMENT PG 64 64-28 11.00 TON $674.59 $7,420.00| $7,420.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00| $1,158.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00) $63.00
TWO-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $27,915.00 $28,155.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
TWO-LANE ROAD (FULL RECONSTRUCT) 104.59 $28,155.00 $2,900,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
ROADWAY COST SUBTOTAL $3,500,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT SUBTOTAL
ELEVATED STRUCTURE (TWO-LANE) * 4,800.00 39.00 $175.00 $32,800,000
CANTILEVER CONSTRUCTION (TWO-LANE) °® 1,850.00 37.50 $125.00 $8,700,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 11,000.00 CUYD $4.67 $51,400.00
EMBANKMENT IN PLACE 2,665.00 CUYD $6.83 $18,200.00
RETAINING WALL 28,710.00 SQFT $50.00 $1,400,000.00
CANTILEVER CONSTRUCTION (TWO-LANE) SUBTOTAL $10,200,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT * SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) 655.00 [ 4300 ] $175.00 $4,900,000
WB STRUCTURE (TWO-LANE) 655.00 [ 4300 | $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $52,800,000
SUBTOTAL 1 $56,300,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 ° 20% $11,300,000
MOBILIZATION @ 18% OF SUBTOTAL 1 18% $10,100,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $8,400,000
SUBTOTAL 2 $86,100,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ® 9.64% $8,300,000
R 20% $17,200,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $43,100,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $112,000,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY *° $138,000,000

! One station is equal to 100 feet.

2Average MDT bid prices provided for the period January 2011 to December 2011.
3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.
4 Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
°The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs.
© The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
” The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
8 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.

°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

° The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2

FOUR LANES THROUGHOUT CORRIDOR,

CANTILIVER AND RAISED ROADWAY STRUCTURE RP 140.0 - RP 141.2 WITH DEDICATED

BICYCLE/PEDESTRIAN FACILITY
Planning Level Estimate of Costs

5 Average Bid Prices Z Adjusted Unit Prices
. Approx. Quantity 5
Item Description L1 Unit Unit Price Amount Unit Price Amount 3
(Per Station)
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 690.00 CuUYD $4.67 $3,222.00 $3,222.00
EMBANKMENT IN PLACE 220.00 CuYD $6.83 $1,503.00 $1,503.00
CRUSHED AGGREGATE COURSE 485.00 CuYD $18.79 $9,113.00 $9,113.00
COVER - TYPE 2 715.00 sQYD $0.51 $365.00 $365.00
DUST PALLIATIVE 2.00 TON $0.00 $120.00 $240.00
PLANT MIX BIT SURF GR 5-3/4 IN 195.00 TON $25.37 $4,947.00 $4,947.00
ASPHALT CEMENT PG 64 64-28 11.00 TON $674.59 $7,420.00 $7,420.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00 $63.00
TWO-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $27,915.00 $28,155.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
TWO-LANE ROAD (FULL RECONSTRUCT) 104.59 $28,155.00 $2,900,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
DEDICATED BICYCLE/PEDESTRIAN FACILITY 8.40 $2,767.00 $23,200
CONCRETE BARRIER RAIL 126.72 $7,060.00 $895,000
ROADWAY & DEDICATED BICYCLE/PEDESTRIAN FACILITY COST SUBTOTAL $4,500,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT SUBTOTAL
ELEVATED STRUCTURE (TWO-LANE) * 4,800.00 39.00 $175.00 $32,800,000
CANTILEVER CONSTRUCTION (TWO-LANE) °® 1,850.00 37.50 $125.00 $8,700,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 11,000.00 CuYD $4.67 $51,400.00
EMBANKMENT IN PLACE 2,665.00 CuYD $6.83 $18,200.00
RETAINING WALL 28,710.00 SQFT $50.00 $1,400,000.00
CANTILEVER CONSTRUCTION (TWO-LANE) SUBTOTAL $10,200,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT * SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) °® 655.00 [ 5500 ] $175.00 $6,300,000
WB STRUCTURE (TWO-LANE) 655.00 | 4300 | $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $54,200,000
SUBTOTAL 1 $58,700,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 20% $11,700,000
MOBILIZATION @ 18% OF SUBTOTAL 1° 18% $10,600,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $8,800,000
SUBTOTAL 2 $89,800,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $8,700,000
o 20% $18,000,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $44,900,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ** $117,000,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ** $143,000,000

! One station is equal to 100 feet.

2 Average MDT bid prices provided for the period January 2011 to December 2011.

3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.
*Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
® The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs.
¢ Dedicated bicycle/pedestrian facility could be incorporated on either eastbound or westbound bridge structure.

7 The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
® The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
? Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.

10

planning level cost estimate.

A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this

! The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
FOUR LANES WITH CENTER MEDIAN THROUGHOUT CORRIDOR

Planning Level Estimate of Costs

. Average Bid Prices Adjusted Unit Prices
L Approx. Quantity )
Item Description . 1 Unit Unit Price Amount Unit Price Amount 3
(Per Station)
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 765.00 CUYD $4.67 $3,573.00 $3,573.00
EMBANKMENT IN PLACE 240.00 CUYD $6.83 $1,639.00 $1,639.00
CRUSHED AGGREGATE COURSE 545.00 CUYD $18.79 $10,241.00| $10,241.00
COVER - TYPE 2 825.00 sQYD $0.51 $421.00 $421.00
DUST PALLIATIVE 2.00 TON $0.00 $120.00 $240.00
PLANT MIX BIT SURF GR S-3/4 IN 220.00 TON $25.37 $5,581.00 $5,581.00
ASPHALT CEMENT PG 64 64-28 12.00 TON $674.59 $8,095.00 $8,095.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
CONCRETE BARRIER RAIL 10.00 EACH $706.02 $7,060.00 $7,060.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 2.00 GAL $62.79 $126.00) $126.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $38,018.00| $38,258.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00| $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00 $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00 $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 109.33 $38,258.00 $4,200,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
ROADWAY COST SUBTOTAL $4,800,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
CANTILEVER CONSTRUCTION (FOUR-LANE) 2,210.00 75.50 $125.00 $20,900,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 20,000.00 CUYD $4.67 $93,400.00
EMBANKMENT IN PLACE 18,955.00 CUYD $6.83 $129,000.00
RETAINING WALL 32,310.00 SQFT $50.00 $1,600,000.00
CANTILEVER CONSTRUCTION (FOUR-LANE) SUBTOTAL $22,700,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT ® SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) 655.00 [ 4300 ] $175.00 $4,900,000
WB STRUCTURE (TWO-LANE) 655.00 [ 4300 ] $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $32,500,000
SUBTOTAL 1 $37,300,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 ° 20% $7,500,000
MOBILIZATION @ 18% OF SUBTOTAL 1’ 18% $6,700,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $5,600,000
SUBTOTAL 2 $57,100,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $5,500,000
5 20% $11,400,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $28,600,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $74,000,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY *° $91,200,000

! One station is equal to 100 feet.

2Average MDT bid prices provided for the period January 2011 to December 2011.

3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

*The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.
® Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
© The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
7 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

8 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this

planning level cost estimate.

° The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.




US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
‘ FOUR LANES WITH CENTER MEDIAN THROUGHOUT CORRIDOR WITH DEDICATED
BICYCLE/PEDESTRIAN FACILITY
Planning Level Estimate of Costs

DOWL HK M

. Average Bid Prices Adjusted Unit Prices
e Approx. Quantity 5
Item Description . Unit Unit Price Amount Unit Price Amount ®
(Per Station)
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 765.00 CuYD $4.67 $3,573.00 $3,573.00
EMBANKMENT IN PLACE 240.00 CuUYD $6.83 $1,639.00 $1,639.00
CRUSHED AGGREGATE COURSE 545.00 CuYD $18.79 $10,241.00 $10,241.00
COVER - TYPE 2 825.00 sQYD $0.51 $421.00 $421.00
DUST PALLIATIVE 2.00 TON $0.00) $120.00 $240.00
PLANT MIX BIT SURF GR S-3/4 IN 220.00 TON $25.37 $5,581.00 $5,581.00
ASPHALT CEMENT PG 64 64-28 12.00 TON $674.59 $8,095.00 $8,095.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
CONCRETE BARRIER RAIL 10.00 EACH $706.02 $7,060.00 $7,060.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 2.00 GAL $62.79 $126.00 $126.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $38,018.00 $38,258.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00 $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00) $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00) $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 107.58 $38,258.00 $4,100,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
DEDICATED BICYCLE/PEDESTRIAN FACILITY 10.83 $2,767.00 $30,000
CONCRETE BARRIER RAIL 126.72 $7,060.00 $895,000
ROADWAY & DEDICATED BICYCLE/PEDESTRIAN FACILITY COST SUBTOTAL $5,700,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
CANTILEVER CONSTRUCTION (FOUR-LANE) 2,385.00 87.50 $125.00 $26,100,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 22,000.00 CuUYD $4.67 $102,740.00
EMBANKMENT IN PLACE 23,500.00 CuYD $6.83 $161,000.00
RETAINING WALL 35,000.00 SQFT $50.00 $1,800,000.00
CANTILEVER CONSTRUCTION (FOUR-LANE) SUBTOTAL $28,200,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT ° SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) ® 655.00 [ 5500 | $175.00 $6,300,000
WB STRUCTURE_(TWO-LANE) 655.00 [ 4300 | $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $39,400,000
SUBTOTAL 1 $45,100,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1’ 20% $9,000,000
MOBILIZATION @ 18% OF SUBTOTAL1® 18% $8,100,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $6,800,000
SUBTOTAL 2 $69,000,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $6,700,000
I 20% $13,800,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $34,500,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ** $89,500,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ** $110,200,000

! One station is equal to 100 feet.

ZAverage MDT bid prices provided for the period January 2011 to December 2011.

3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

*The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.

° Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
© Dedicated bicycle/pedestrian facility could be incorporated on either eastbound or westbound bridge structure.

” The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
% The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

9 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.

0 contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this
planning level cost estimate.

" The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all
scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
FOUR LANES THROUGHOUT CORRIDOR WITH CENTER MEDIAN, ELEVATED FOUR LANE
ROADWAY STRUCTURE WITH NO CENTER MEDIAN RP 140.6 - RP 141.2

Planning Level Estimate of Costs

. Average Bid Prices 2 Adjusted Unit Prices
. Approx. Quantity )
Item Description L1 Unit Unit Price Amount Unit Price Amount >
(Per Station)
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 765.00 CUYD $4.67 $3,573.00 $3,573.00
EMBANKMENT IN PLACE 240.00 CUYD $6.83 $1,639.00 $1,639.00
CRUSHED AGGREGATE COURSE 545.00 CUYD $18.79 $10,241.00 $10,241.00
COVER - TYPE 2 825.00 SQYD $0.51 $421.00 $421.00
DUST PALLIATIVE 2.00 TON $0.00 $120.00 $240.00
PLANT MIX BIT SURF GR $-3/4 IN 220.00 TON $25.37 $5,581.00 $5,581.00
ASPHALT CEMENT PG 64 64-28 12.00 TON $674.59 $8,095.00 $8,095.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
CONCRETE BARRIER RAIL 10.00 EACH $706.02 $7,060.00 $7,060.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 2.00 GAL $62.79 $126.00 $126.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $38,018.00 $38,258.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 85.11 $38,258.00 $3,300,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
ROADWAY COST SUBTOTAL $3,900,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
RAISED STRUCTURE (FOUR-LANE) 4,800.00 67.00 $175.00 $56,300,000
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) 655.00 43.00 $175.00 $4,900,000
WB STRUCTURE (TWO-LANE) 655.00 43.00 $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $66,100,000
SUBTOTAL 1 $70,000,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 ° 20% $14,000,000
MOBILIZATION @ 18% OF SUBTOTAL 1 ° 18% $12,600,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $10,500,000
SUBTOTAL 2 $107,000,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2’ 9.64% $10,300,000
s 20% $21,400,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $53,500,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $139,000,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ° $171,000,000

! One station is equal to 100 feet.

ZAverage MDT bid prices provided for the period January 2011 to December 2011.
3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.
4 Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.

® The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.

® The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

7 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
5A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

° The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.




US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2

‘ FOUR LANES THROUGHOUT CORRIDOR WITH CENTER MEDIAN, ELEVATED FOUR LANE
ROADWAY STRUCTURE WITH NO CENTER MEDIAN RP 140.6 - RP 141.2 WITH DEDICATED
DOWL HKM BICYCLE/PEDESTRIAN FACILITY
Planning Level Estimate of Costs
. . 2 . . .
Adjusted Unit Prices
" Approx. Quantity ) Average Bid Prices l]
Item Description ) 1 Unit Unit Price Amount Unit Price Amount *
(Per Station)
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 765.00 CUYD $4.67 $3,573.00 $3,573.00
EMBANKMENT IN PLACE 240.00 CUYD $6.83 $1,639.00 $1,639.00
CRUSHED AGGREGATE COURSE 545.00 CUYD $18.79 $10,241.00 $10,241.00
COVER - TYPE 2 825.00 sQYbD $0.51 $421.00 $421.00
DUST PALLIATIVE 2.00 TON $0.00 $120.00 $240.00
PLANT MIX BIT SURF GR S-3/4 IN 220.00 TON $25.37 $5,581.00 $5,581.00
ASPHALT CEMENT PG 64 64-28 12.00 TON $674.59 $8,095.00 $8,095.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
CONCRETE BARRIER RAIL 10.00 EACH $706.02 $7,060.00 $7,060.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 2.00 GAL $62.79 $126.00 $126.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $38,018.00 $38,258.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 85.11 $38,258.00 $3,300,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
DEDICATED BICYCLE/PEDESTRIAN FACILITY 8.40 $2,767.00 $23,200
CONCRETE BARRIER RAIL 126.72 $7,060.00 $895,000
ROADWAY & DEDICATED BICYCLE/PEDESTRIAN FACILITY COST SUBTOTAL $4,900,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
RAISED STRUCTURE (FOUR-LANE) 4,800.00 67.00 $175.00 $56,300,000
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE)® 655.00 55.00 $175.00 $6,300,000
WB STRUCTURE (TWO-LANE) 655.00 43.00 $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $67,500,000
SUBTOTAL 1 $72,400,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 ° 20% $14,500,000
MOBILIZATION @ 18% OF SUBTOTAL 1’ 18% $13,000,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $10,900,000
SUBTOTAL 2 $111,000,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ® 9.64% $10,700,000
s 20% $22,200,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $55,500,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $144,000,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY *° $177,000,000

* One station is equal to 100 feet.

2Average MDT bid prices provided for the period January 2011 to December 2011.

3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

4 Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.

® Dedicated bicycle/pedestrian facility could be incorporated on either eastbound or westbound bridge structure.

© The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
7 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

8 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.

°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning
level cost estimate.

1% The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all
scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
FOUR LANES THROUGHOUT CORRIDOR WITH TURN BAY AT BERNE PARK

Planning Level Estimate of Costs

) Average Bid Prices 2 Adjusted Unit Prices
_ Approx. Quantity . — —
Item Description . 1 Unit Unit Price Amount Unit Price Amount ®
(Per Station)
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 795.00 CUYD $4.67 $3,713.00| $3,713.00
EMBANKMENT IN PLACE 250.00 CUYD $6.83 $1,708.00| $1,708.00
CRUSHED AGGREGATE COURSE 570.00 CUYD $18.79 $10,710.00 $10,710.00
COVER - TYPE 2 870.00 SQYD $0.51 $444.00 $444.00
DUST PALLIATIVE 2.00 TON $0.00)| $120.00 $240.00
PLANT MIX BIT SURF GR S-3/4 IN 235.00 TON $25.37 $5,962.00) $5,962.00
ASPHALT CEMENT PG 64 64-28 13.00 TON $674.59 $8,770.00| $8,770.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 3.00 GAL $62.79 $188.00 $188.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $32,777.00 $33,017.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00 $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00)| $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00)| $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 109.33 $33,017.00 $3,600,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
ROADWAY COST SUBTOTAL $4,200,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT 4 SUBTOTAL
CANTILEVER CONSTRUCTION (FOUR-LANE) 2,210.00 75.50 $125.00 $20,900,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 20,000.00 CUYD $4.67 $93,400.00
EMBANKMENT IN PLACE 18,955.00 CUYD $6.83 $129,000.00
RETAINING WALL 32,310.00 SQFT $50.00 $1,600,000.00
CANTILEVER CONSTRUCTION (FOUR-LANE) SUBTOTAL $22,700,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT ° SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) 655.00 | 43.00 | $175.00 $4,900,000
WB STRUCTURE (TWO-LANE) 655.00 | 43.00 | $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $32,500,000
SUBTOTAL 1 $36,700,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 s 20% $7,300,000
MOBILIZATION @ 18% OF SUBTOTAL 1 i 18% $6,600,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $5,500,000
SUBTOTAL 2 $56,100,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 8 9.64% $5,400,000
9 20% $11,200,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $28,100,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $72,700,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY *° $89,600,000

! One station is equal to 100 feet.

ZA\/erage MDT bid prices provided for the period January 2011 to December 2011.
3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

*The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.
® Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
© The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
7 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
8 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

1 The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 2
FOUR LANES THROUGHOUT CORRIDOR WITH TURN BAY AT BERNE PARK & WITH DEDICATED

BICYCLE/PEDESTRIAN FACILITY
Planning Level Estimate of Costs

§ Average Bid Prices Adjusted Unit Prices
0 5 ioti Approx. Quantity Unit TG A TG 3
em Description . ni nit Price mount nit Price
(Per Station) * Amolint
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 795.00 cuYD $4.67 $3,713.00 $3,713.00
EMBANKMENT IN PLACE 250.00 cuYD $6.83 $1,708.00 $1,708.00
CRUSHED AGGREGATE COURSE 570.00 cuYD $18.79 $10,710.00 $10,710.00
COVER - TYPE 2 870.00 sQYD $0.51 $444.00 $444.00
DUST PALLIATIVE 2.00 TON $0.00) $120.00 $240.00
PLANT MIX BIT SURF GR 5-3/4 IN 235.00 TON $25.37 $5,962.00 $5,962.00
ASPHALT CEMENT PG 64 64-28 13.00 TON $674.59 $8,770.00 $8,770.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 3.00 GAL $62.79 $188.00 $188.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $32,777.00 $33,017.00
GUARD RAIL-STEEL/7 FOOT POSTS 500.00 LNFT $30.20 $15,100.00 $15,100.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00) $10,000.00 $10,000.00
REGRADE APPROACHES 12.00 EACH $0.00) $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 117.05 $33,017.00 $3,900,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
DEDICATED BICYCLE/PEDESTRIAN FACILITY 11.50 $2,767.00 $31,800
CONCRETE BARRIER RAIL 126.72 $7,060.00 $895,000
ROADWAY & DEDICATED BICYCLE/PEDESTRIAN FACILITY COST SUBTOTAL $5,500,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
CANTILEVER CONSTRUCTION (FOUR-LANE) 2,510.00 77.00 $125.00 $24,200,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 22,000.00 cuYD $4.67 $102,700.00
EMBANKMENT IN PLACE 21,500.00 cuYD $6.83 $147,000.00
RETAINING WALL 36,500.00 SQFT $50.00 $1,800,000.00
CANTILEVER CONSTRUCTION (FOUR-LANE) SUBTOTAL $26,200,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT * SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) ® 655.00 [ 5500 $175.00 $6,300,000
WB STRUCTURE (TWO-LANE) 655.00 [ 4300 ] $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $37,400,000
SUBTOTAL 1 $42,900,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1’ 20% $8,600,000
MOBILIZATION @ 18% OF SUBTOTAL 1 ° 18% $7,700,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $6,400,000
SUBTOTAL 2 $65,600,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $6,300,000
10 20% $13,100,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $32,800,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ** $85,000,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ** $104,700,000

* One station is equal to 100 feet.

2 Average MDT bid prices provided for the period January 2011 to December 2011.

3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

*The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.
s Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
¢ Dedicated bicycle/pedestrian facility could be incorporated on either eastbound or westbound bridge structure.
7 The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
8 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
? Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
op contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

! The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 3

FOUR LANES THROUGHOUT CORRIDOR,
FOUR LANE TUNNEL RP 140.6 - RP 141.1
Planning Level Estimate of Costs

. Average Bid Prices 2 Adjusted Unit Prices
. Approx. Quantity )
Item Description L1 Unit Unit Price Amount Unit Price Amount >
(Per Station)
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 690.00 CUYD $4.67 $3,222.00 $3,222.00
EMBANKMENT IN PLACE 220.00 CUYD $6.83 $1,503.00 $1,503.00
CRUSHED AGGREGATE COURSE 485.00 CUYD $18.79 $9,113.00 $9,113.00
COVER - TYPE 2 715.00 SQYD $0.51 $365.00 $365.00
DUST PALLIATIVE 2.00 TON $0.00 $120.00 $240.00
PLANT MIX BIT SURF GR S-3/4 IN 195.00 TON $25.37 $4,947.00 $4,947.00
ASPHALT CEMENT PG 64 64-28 11.00 TON $674.59 $7,420.00 $7,420.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00 $63.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $27,915.00 $28,155.00
GUARD RAIL-STEEL/7 FOOT POSTS 850.00 LNFT $30.20 $25,670.00 $25,670.00
REGRADE APPROACH ROAD CONNECTION 3.00 EACH $0.00 $10,000.00 $30,000.00
ADDITIONAL EXCAVATION-UNCLASSIFIED 10,500.00 CUYD $4.27 $44,835.00 $44,835.00
REGRADE APPROACHES 12.00 EACH $0.00 $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 104.59 $28,155.00 $2,900,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
TUNNEL CONSTRUCTION (FOUR-LANE) i 27.47 $7,300,000.00 $201,000,000
ROADWAY COST SUBTOTAL $205,000,000
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT 3 SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) 655.00 43.00 $175.00 $4,900,000
WB STRUCTURE (TWO-LANE) 655.00 43.00 $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $9,800,000
SUBTOTAL 1 $215,000,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 ° 20% $43,000,000
MOBILIZATION @ 18% OF SUBTOTAL 1 7 18% $38,700,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $32,300,000
SUBTOTAL 2 $329,000,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 8 9.64% $31,700,000
s 30% $98,700,000
CONTINGENCY @ 30% & 60% OF SUBTOTAL 2
60% $197,000,000
TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY *° $459,000,000
TOTAL IMPROVEMENT OPTION COST @ 60% CONTINGENCY *° $558,000,000

! One station is equal to 100 feet.

2Average MDT bid prices provided for the period January 2011 to December 2011.
3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

* Unit cost provided by MDT Geotechnical Division.

5 Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.

© The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
7 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
8 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.

°A contingency range of 30 to 60 percent was used due to the high degree of unknown factors involved in rock excavation and uncertainties over the planning horizon, as well as the substantial

amount of items not accounted for in this planning level cost estimate.

1% The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 3

FOUR LANES THROUGHOUT CORRIDOR,

TWO LANE TUNNEL AND TWO LANE CANTILEVER RP 140.6 - RP 141.1

Planning Level Estimate of Costs

. Average Bid Prices > Adjusted Unit Prices
0 5 ioti Approx. Quantity Unit TG A TG 3
em Description . ni nit Price mount nit Price
(Per Station) * Amolint
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 690.00 cuYD $4.67 $3,222.00 $3,222.00
EMBANKMENT IN PLACE 220.00 CuYD $6.83 $1,503.00 $1,503.00
CRUSHED AGGREGATE COURSE 485.00 CuyYD $18.79 $9,113.00 $9,113.00
COVER - TYPE 2 715.00 sQYD $0.51 $365.00 $365.00
DUST PALLIATIVE 2.00 TON $0.00 $120.00 $240.00
PLANT MIX BIT SURF GR 5-3/4 IN 195.00 TON $25.37 $4,947.00 $4,947.00
ASPHALT CEMENT PG 64 64-28 11.00 TON $674.59 $7,420.00 $7,420.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00 $63.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $27,915.00 $28,155.00
GUARD RAIL-STEEL/7 FOOT POSTS 850.00 LNFT $30.20 $25,670.00 $25,670.00
REGRADE APPROACH ROAD CONNECTION 3.00 EACH $0.00 $10,000.00 $30,000.00
ADDITIONAL EXCAVATION-UNCLASSIFIED 7,000.00 CUYD $4.27 $29,890.00 $29,890.00
REGRADE APPROACHES 12.00 EACH $0.00 $1,000.00 $12,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 104.59 $28,155.00 $2,900,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
TUNNEL CONSTRUCTION (TWO-LANE) * 27.47 $5,500,000.00 $151,000,000
ROADWAY COST SUBTOTAL $155,000,000
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT ° SUBTOTAL
CANTILEVER CONSTRUCTION (TWO-LANE) 1,850.00 41.50 $125.00 $9,600,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 11,000.00 CuUYD $4.67 $51,400.00
EMBANKMENT IN PLACE 2,665.00 CuyYD $6.83 $18,200.00
RETAINING WALL 28,710.00 SQFT $50.00 $1,400,000.00
CANTILEVER CONSTRUCTION (TWO-LANE) SUBTOTAL $11,100,000.00
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT ° SUBTOTAL
SOUTH FORK BRIDGE CONSTRUCTION
EB STRUCTURE (TWO-LANE) 655.00 [ 4300 ] $175.00 $4,900,000
WB STRUCTURE (TWO-LANE) 655.00 [ 4300 ] $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $20,900,000
SUBTOTAL 1 $187,000,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1’ 20% $37,400,000
MOBILIZATION @ 18% OF SUBTOTAL 1 ° 18% $33,700,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $28,100,000
SUBTOTAL 2 $286,000,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $27,600,000
© 30% $85,800,000
CONTINGENCY @ 30% & 60% OF SUBTOTAL 2
60% $172,000,000
TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ** $399,000,000
TOTAL IMPROVEMENT OPTION COST @ 60% CONTINGENCY ** $486,000,000

* One station is equal to 100 feet.

2 Average MDT bid prices provided for the period January 2011 to December 2011.
3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

* Unit cost provided by MDT Geotechnical Division.

®The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs.
© Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.

7 The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
8 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
? Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.

op contingency range of 30 to 60 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

! The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 4

FOUR LANES THROUGHOUT CORRIDOR
Planning Level Estimate of Costs

. Average Bid Prices 2 Adjusted Unit Prices
e ot Approx. Quantity e 3
em Description ni Unit Price Amount Unit Price
¥ (Per Station) ! Amount
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 690.00 CUYD $4.67 $3,222.00 $3,222.00
EMBANKMENT IN PLACE 220.00 CUYD $6.83 $1,503.00 $1,503.00
CRUSHED AGGREGATE COURSE 485.00 CUYD $18.79 $9,113.00 $9,113.00
COVER - TYPE 2 715.00 sQYD $0.51 $365.00 $365.00
DUST PALLIATIVE 2.00 TON $0.00 $120.00 $240.00
PLANT MIX BIT SURF GR S-3/4 IN 195.00 TON $25.37 $4,947.00 $4,947.00
ASPHALT CEMENT PG 64 64-28 11.00 TON $674.59 $7,420.00 $7,420.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00 $63.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $27,915.00 $28,155.00
GUARD RAIL-STEEL/7 FOOT POSTS 800.00 LNFT $30.20 $24,160.00 $24,160.00
REGRADE APPROACH ROAD CONNECTION 3.00 EACH $0.00 $10,000.00 $30,000.00
PAVEMENT REMOVAL 1,700.00 CUYD $0.00 $3.00 $5,100.00
ADDITIONAL EXCAVATION-UNCLASSIFIED 8,000.00 CUYD $4.27 $34,160.00 $34,160.00
REGRADE APPROACHES 6.00 EACH $0.00 $1,000.00 $6,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 109.93 $28,155.00 $3,100,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
ROADWAY COST SUBTOTAL $3,700,000
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT * SUBTOTAL
BRIDGE CONSTRUCTION
WEST STRUCTURE (FOUR-LANE) 800.00 67.00 $175.00 $9,400,000
MIDDLE STRUCTURE (FOUR-LANE) 1,050.00 67.00 $175.00 $12,300,000
SOUTH FORK BRIDGE STRUCTURE EB (TWO-LANE) 655.00 43.00 $175.00 $4,900,000
SOUTH FORK BRIDGE STRUCTURE WB (TWO-LANE) 655.00 43.00 $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $31,500,000
SUBTOTAL 1 $35,300,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1° 20% $7,100,000
MOBILIZATION @ 18% OF SUBTOTAL 1’ 18% $6,400,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $5,300,000
SUBTOTAL 2 $54,100,000)
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2’ 9.64% $5,200,000
R 20% $10,800,000)
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $27,100,000)
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $70,100,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY *° $86,400,000

! One station is equal to 100 feet.

zAverage MDT bid prices provided for the period January 2011 to December 2011.
3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.
APIanning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
® The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
© The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
7 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
5A contingency range of 20 to 50 percent was used due to the high degree of unknown factors involved in rock excavation and uncertainties over the planning horizon, as well as the substantial

amount of items not accounted for in this planning level cost estimate.

° The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 5

FOUR LANES THROUGHOUT CORRIDOR
Planning Level Estimate of Costs

. Average Bid Prices 2 Adjusted Unit Prices
e ot Approx. Quantity e 3
em Description ni Unit Price Amount Unit Price
¥ (Per Station) ! Amount
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 690.00 CUYD $4.67 $3,222.00 $3,222.00
EMBANKMENT IN PLACE 220.00 CUYD $6.83 $1,503.00 $1,503.00
CRUSHED AGGREGATE COURSE 485.00 CUYD $18.79 $9,113.00 $9,113.00
COVER - TYPE 2 715.00 sQYD $0.51 $365.00 $365.00
DUST PALLIATIVE 2.00 TON $0.00 $120.00 $240.00
PLANT MIX BIT SURF GR S-3/4 IN 195.00 TON $25.37 $4,947.00 $4,947.00
ASPHALT CEMENT PG 64 64-28 11.00 TON $674.59 $7,420.00 $7,420.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00 $1,158.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00 $124.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00 $63.00
FOUR-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $27,915.00 $28,155.00
GUARD RAIL-STEEL/7 FOOT POSTS 800.00 LNFT $30.20 $24,160.00 $24,160.00
REGRADE APPROACH ROAD CONNECTION 3.00 EACH $0.00 $10,000.00 $30,000.00
PAVEMENT REMOVAL 1,700.00 CUYD $0.00 $3.00 $5,100.00
RELOCATE PRIVATE ROAD 1.00 LS $0.00 $20,000.00 $20,000.00
ADDITIONAL EXCAVATION-UNCLASSIFIED 8,000.00 CUYD $4.27 $34,160.00 $34,160.00
REGRADE APPROACHES 6.00 EACH $0.00 $1,000.00 $6,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL RECONSTRUCT) 99.25 $28,155.00 $2,800,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
ROADWAY COST SUBTOTAL $3,400,000
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT * SUBTOTAL
BRIDGE CONSTRUCTION (FOUR-LANE)
WEST STRUCTURE 800.00 67.00 $175.00 $9,400,000
MIDDLE STRUCTURE 1,729.00 67.00 $175.00 $20,300,000
EAST STRUCTURE 1,012.00 67.00 $175.00 $11,900,000
STRUCTURE COST SUBTOTAL $41,600,000
SUBTOTAL 1 $45,100,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1° 20% $9,000,000
MOBILIZATION @ 18% OF SUBTOTAL 1’ 18% $8,100,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $6,800,000
SUBTOTAL 2 $69,000,000)
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2’ 9.64% $6,700,000
R 20% $13,800,000)
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $34,500,000)
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $89,500,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY *° $110,000,000

! One station is equal to 100 feet.

zAverage MDT bid prices provided for the period January 2011 to December 2011.

3 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.
APIanning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.

® The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
© The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
7 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
5A contingency range of 20 to 50 percent was used due to the high degree of unknown factors involved in rock excavation and uncertainties over the planning horizon, as well as the substantial

amount of items not accounted for in this planning level cost estimate.

° The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - ALIGNMENT 6

FOUR LANES THROUGHOUT CORRIDOR
Planning Level Estimate of Costs

9 . 2 . . .
Adjusted Unit Prices
o Descrit Approx. Quantity it Average Bid Prices J] -
em Description . ni Unit Price Amount Unit Price
g (Per Station) : Amount
Dollars Dollars Dollars Dollars
FOUR-LANE ROAD (FULL CONSTRUCT)
EXCAVATION-UNCLASS BORROW 690.00 CUYD $4.67 $3,222.00) $3,222.00
EMBANKMENT IN PLACE 220.00 CUYD $6.83 $1,503.00) $1,503.00
CRUSHED AGGREGATE COURSE 485.00 CUYD $18.79 $9,113.00) $9,113.00,
COVER - TYPE 2 715.00 sQYD $0.51 $365.00) $365.00
DUST PALLIATIVE 2.00 TON $0.00 $120.00 $240.00
PLANT MIX BIT SURF GR 5-3/4 IN 195.00 TON $25.37 $4,947.00) $4,947.00
ASPHALT CEMENT PG 64 64-28 11.00 TON $674.59 $7,420.00) $7,420.00
EMULS ASPHALT CRS-2P 2.00 TON $578.92 $1,158.00) $1,158.00
STRIPING-WHITE EPOXY 2.00 GAL $61.96 $124.00) $124.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00 $63.00
FOUR-LANE ROAD (FULL CONSTRUCT) SUBTOTAL $27,915.00 $28,155.00
TWO-LANE US 2 REALIGNMENT (FULL RECONSTRUCT)
EXCAVATION-UNCLASS BORROW 515.00 CUYD $4.67 $2,405.00) $2,405.00
EMBANKMENT IN PLACE 160.00 CuYD $6.83 $1,093.00) $1,093.00
CRUSHED AGGREGATE COURSE 345.00 CUYD $18.79 $6,483.00) $6,483.00
COVER - TYPE 2 445.00 sQYD $0.51 $227.00) $227.00
DUST PALLIATIVE 1.00 TON $0.00 $120.00 $120.00
PLANT MIX BIT SURF GR 5-3/4 IN 125.00 TON $25.37 $3,171.00) $3,171.00
ASPHALT CEMENT PG 64 64-28 7.00 TON $674.59 $4,722.00) $4,722.00
EMULS ASPHALT CRS-2P 1.00 TON $578.92 $579.00) $579.00
STRIPING-WHITE EPOXY 1.00 GAL $61.96 $62.00 $62.00
STRIPING-YELLOW EPOXY 1.00 GAL $62.79 $63.00 $63.00
TWO-LANE ROAD (FULL RECONSTRUCT) SUBTOTAL $18,805.00 $18,925
ADDITIONAL EXCAVATION-UNCLASSIFIED 348,000.00 CUYD $4.27 $1,485,960.00) $1,485,960.00,
EMBANKMENT IN PLACE 5,144,000.00 CUYD $6.83|  $35,133,520.00) $35,133,520.00,
GUARD RAIL-STEEL/7 FOOT POSTS 4,800.00 LNFT $30.20 $144,960.00) $144,960.00)
REINFORCED CONCRETE RETAINING WALL 9,200.00 SQFT $25.00 $230,000.00) $50.00 $460,000.00
REGRADE APPROACH ROAD CONNECTION 1.00 EACH $0.00 $10,000.00 $10,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
FOUR-LANE ROAD (FULL CONSTRUCT) 31.54 $28,155.00 $890,000
LANE TRANSITION WEST OF CORRIDOR 20.00 $21,600.00 $430,000
LANE TRANSITION EAST END OF CORRIDOR 8.00 $26,250.00 $210,000
TWO-LANE US 2 REALIGNMENT (FULL RECONSTRUCT) 9.00 $18,925.00 $170,000
ROADWAY COST SUBTOTAL $1,700,000
CATEGORY LENGTH (FT.) | WIDTH (FT.) | COST PER SQUARE FOOT * SUBTOTAL
BRIDGE CONSTRUCTION
WEST STRUCTURE (FOUR-LANE) 3830.00 67.00 $175.00 $44,900,000
MIDDLE STRUCTURE (FOUR-LANE) 1,744.00 67.00 $175.00 $20,400,000
EAST STRUCTURE (FOUR-LANE) 4303.00 67.00 $175.00 $50,500,000
STRUCTURE COST SUBTOTAL $116,000,000
SUBTOTAL 1 $155,000,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 ° 20% $31,000,000
MOBILIZATION @ 18% OF SUBTOTAL 1’ 18% $27,900,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $23,300,000
SUBTOTAL 2 $237,000,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2’ 9.64% $22,800,000
B 20% $47,400,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $119,000,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $307,000,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY *° $379,000,000

! One station is equal to 100 feet.

lAverage MDT bid prices provided for the period January 2011 to December 2011.
® Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.
AFIanning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.

5

The Miscell s category is esti d at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
© The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
7 Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.

8

amount of items not accounted for in this planning level cost estimate.
° The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.

A contingency range of 20 to 50 percent was used due to the high degree of unknown factors involved in rock excavation and uncertainties over the planning horizon, as well as the substantial
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - CANTILEVER CONSTRUCTION (TWO

LANES) RP 140.6 - RP 141.2
Planning Level Estimate of Costs

Cantilever Construction (Two-Lane) Length (FT.) Width (FT.) Cost Per Square Foot * Subtotal
CANTILEVER CONSTRUCTION (TWO-LANE) 1,850.00 41.50 $125.00 $9,600,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 11,000.00 CuYD $4.67 $51,400.00
EMBANKMENT IN PLACE 2,665.00 CUYD $6.83 $18,200.00
RETAINING WALL 28,710.00 SQFT $50.00 $1,400,000.00
CANTILEVER CONSTRUCTION (TWO-LANE) SUBTOTAL $11,100,000.00
STRUCTURE COST SUBTOTAL $11,100,000
SUBTOTAL 1 $11,100,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 > 20% $2,200,000
MOBILIZATION @ 18% OF SUBTOTAL 13 18% $2,000,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $1,700,000
SUBTOTAL 2 $17,000,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 * 9.64% $1,600,000
s 20% $3,400,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $8,500,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $22,000,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ° $27,100,000

! The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.

% The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.

3 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

“*Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

® The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - CANTILEVER CONSTRUCTION (TWO
LANES) RP 140.6 - RP 141.2 WITH DEDICATED BICYCLE/PEDESTRIAN FACILITY

Planning Level Estimate of Costs

Cantilever Construction (Two-Lane) Length (FT.) Width (FT.) Cost Per Square Foot * Subtotal
CANTILEVER CONSTRUCTION (TWO-LANE) 1,975.00 53.50 $125.00 $13,200,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 14,000.00 CuYD $4.67 $65,400.00
EMBANKMENT IN PLACE 7,200.00 CUYD $6.83 $49,200.00
RETAINING WALL 30,200.00 SQFT $50.00 $1,500,000.00
CANTILEVER CONSTRUCTION (TWO-LANE) SUBTOTAL $14,800,000.00
STRUCTURE COST SUBTOTAL $14,800,000
SUBTOTAL 1 $14,800,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 > 20% $3,000,000
MOBILIZATION @ 18% OF SUBTOTAL 13 18% $2,700,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $2,200,000
SUBTOTAL 2 $22,700,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 * 9.64% $2,200,000
s 20% $4,500,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $11,400,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $29,400,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ° $36,300,000

! The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.

% The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.

3 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

“*Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

® The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - CANTILEVER CONSTRUCTION (FOUR

LANES WITH MEDIAN) RP 140.6 - RP 141.2

Planning Level Estimate of Costs

Cantilever Construction (Four-Lane) Length (FT.) Width (FT.) Cost Per Square Foot * Subtotal
CANTILEVER CONSTRUCTION (FOUR-LANE) 2,210.00 75.50 $125.00 $20,900,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 20,000.00 CuYD $4.67 $93,400.00
EMBANKMENT IN PLACE 18,955.00 CUYD $6.83 $129,000.00
RETAINING WALL 32,310.00 SQFT $50.00 $1,600,000.00
CANTILEVER CONSTRUCTION (FOUR-LANE) SUBTOTAL $22,700,000.00
STRUCTURE COST SUBTOTAL $22,700,000
SUBTOTAL 1 $22,700,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 > 20% $4,500,000
MOBILIZATION @ 18% OF SUBTOTAL 13 18% $4,100,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $3,400,000
SUBTOTAL 2 $34,700,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 * 9.64% $3,300,000
s 20% $6,900,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $17,400,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $44,900,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ° $55,400,000

! The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.

% The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.

3 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

“*Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

® The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - CANTILEVER CONSTRUCTION (FOUR
LANES WITH MEDIAN) RP 140.6 - RP 141.2 WITH DEDICATED BICYCLE/PEDESTRIAN FACILITY

Planning Level Estimate of Costs

Cantilever Construction (Four-Lane) Length (FT.) Width (FT.) Cost Per Square Foot * Subtotal
CANTILEVER CONSTRUCTION (FOUR-LANE) 2,510.00 77.00 $125.00 $24,200,000
APPROX. QUANTITY UNIT UNIT PRICE
EXCAVATION-UNCLASS BORROW 22,000.00 CuYD $4.67 $102,700.00
EMBANKMENT IN PLACE 21,500.00 CUYD $6.83 $147,000.00
RETAINING WALL 36,500.00 SQFT $50.00 $1,800,000.00
CANTILEVER CONSTRUCTION (FOUR-LANE) SUBTOTAL $26,200,000.00
STRUCTURE COST SUBTOTAL $26,200,000
SUBTOTAL 1 $26,200,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 > 20% $5,200,000
MOBILIZATION @ 18% OF SUBTOTAL 13 18% $4,700,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $3,900,000
SUBTOTAL 2 $40,000,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 * 9.64% $3,900,000
s 20% $8,000,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $20,000,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $51,900,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ° $63,900,000

! The planning level cost for a cantilever deck was estimated at $125 per square foot based on average MDT bridge costs and construction sequencing.

% The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.

3 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

“*Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

® The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY -
ELEVATED TWO LANE ROADWAY STRUCTURE RP 140.6 - RP 141.2

Planning Level Estimate of Costs

Elevated Structure (Two-Lane) Length (FT.) Width (FT.) Cost Per Square Foot g Subtotal
ELEVATED STRUCTURE (TWO-LANE) 4,800.00 43.00 $175.00 $36,120,000
STRUCTURE COST SUBTOTAL $36,100,000
SUBTOTAL 1 $36,100,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 12 20% $7,200,000
MOBILIZATION @ 18% OF SUBTOTAL 1 3 18% $6,500,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $5,400,000
SUBTOTAL 2 $55,200,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 * 9.64% $5,300,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2 ° 2% 211,000,000
50% $27,600,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $71,500,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ° $88,100,000

! Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
2 The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.

% The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

“#Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
*A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

® The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY -
ELEVATED FOUR LANE ROADWAY STRUCTURE RP 140.6 - RP 141.2

Planning Level Estimate of Costs

Elevated Structure (Four-Lane) Length (FT.) Width (FT.) Cost Per Square Foot g Subtotal
ELEVATED STRUCTURE (FOUR-LANE) 4,800.00 67.00 $175.00 $56,300,000
STRUCTURE COST SUBTOTAL $56,300,000
SUBTOTAL 1 $56,300,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 12 20% $11,300,000
MOBILIZATION @ 18% OF SUBTOTAL 1 3 18% $10,100,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $8,400,000
SUBTOTAL 2 $86,100,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 * 9.64% $8,300,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2 ° 2% 217,200,000
50% $43,100,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $112,000,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ° $138,000,000

! Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for these structures.
2 The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.

% The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

“#Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
*A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

® The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - RECONSTRUCTION OF SOUTH FORK

BRIDGE (TWO LANE)
Planning Level Estimate of Costs

South Fork Bridge Construction Length (FT.) Width (FT.) Cost Per Square Foot g Subtotal
[ STRUCTURE (TWO-LANE) 655.00 43.00 $175.00 4,900,000
STRUCTURE COST SUBTOTAL $4,900,000
SUBTOTAL 1 $4,900,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 > 20% $1,000,000
MOBILIZATION @ 18% OF SUBTOTAL 13 18% $900,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $700,000
SUBTOTAL 2 $7,500,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL2 * 9.64% $700,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2 ° 20% 31,500,000
50% $3,800,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $9,700,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ° $12,000,000

! Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for this structure.
% The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.

3 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

“*Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

® The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - RECONSTRUCTION OF SOUTH FORK
BRIDGE (TWO LANE) WITH DEDICATED BICYCLE/PEDESTRIAN FACILITY

Planning Level Estimate of Costs

South Fork Bridge Construction Length (FT.) Width (FT.) Cost Per Square Foot g Subtotal
[ STRUCTURE (TWO-LANE) 655.00 55.00 $175.00 6,300,000
STRUCTURE COST SUBTOTAL $6,300,000
SUBTOTAL 1 $6,300,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 > 20% $1,300,000
MOBILIZATION @ 18% OF SUBTOTAL 13 18% $1,100,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $900,000
SUBTOTAL 2 $9,600,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL2 * 9.64% $900,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2 ° 20% 31,900,000
50% $4,800,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $12,400,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ° $15,300,000

! Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for this structure.
% The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.

3 The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

“*Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

® The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - RECONSTRUCTION OF SOUTH FORK

BRIDGE (FOUR LANE)

Planning Level Estimate of Costs

South Fork Bridge Construction Length (FT.) Width (FT.) Cost Per Square Foot 8 Subtotal
EB STRUCTURE (TWO-LANE) 655.00 43.00 $175.00 $4,900,000
WB STRUCTURE (TWO-LANE) 655.00 43.00 $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $9,800,000
SUBTOTAL 1 $9,800,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1> 20% $2,000,000
MOBILIZATION @ 18% OF SUBTOTAL 1 3 18% $1,800,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $1,500,000
SUBTOTAL 2 $15,100,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 * 9.64% $1,500,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2 ° 2 23,000,000
50% $7,600,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $19,600,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ° $24,200,000

! Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for this structure.
2 The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.

% The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

“#Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
*A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

® The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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DOWL HKM

US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - RECONSTRUCTION OF SOUTH FORK
BRIDGE (FOUR LANE) WITH DEDICATED BICYCLE/PEDESTRIAN FACILITY

Planning Level Estimate of Costs

South Fork Bridge Construction Length (FT.) Width (FT.) Cost Per Square Foot 8 Subtotal
EB STRUCTURE (TWO-LANE) 655.00 55.00 $175.00 $6,300,000
WB STRUCTURE (TWO-LANE) 655.00 43.00 $175.00 $4,900,000
STRUCTURE COST SUBTOTAL $11,200,000
SUBTOTAL 1 $11,200,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 ° 20% $2,200,000
MOBILIZATION @ 18% OF SUBTOTAL1* 18% $2,000,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $1,700,000
SUBTOTAL 2 $17,100,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $1,600,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2 © 2 23,400,000
50% $8,600,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ’ $22,100,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ’ $27,300,000

! Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $175 per square foot was utilized for this structure.
2 Dedicated bicycle/pedestrian facility could be incorporated on either eastbound or westbound bridge structure.
3 The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.

* The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

® Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

7 The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios

and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - BICYCLE/PEDESTRIAN

OVERCROSSING

Planning Level Estimate of Costs t

Item Description Approx. Quantity Unit Unit Price Amount Unit Price Amount *
Dollars Dollars Dollars Dollars
ELEVATED CAST IN PLACE CONCRETE RAMP 600.00 LNFT $325.00 $195,000.00 $195,000.00
PICKETED STEEL HAND RAILS 1,200.00 LNFT $184.00 $220,800.00 $220,800.00
RAMP PIERS AND FOUNDATION 1.00 LS $47,000.00 $47,000.00
CATEGORY LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
BICYCLE/PEDESTRIAN OVERCROSSING
STRUCTURE 50.00 [ 1200 ] $150.00 $90,000
STRUCTURE COST SUBTOTAL $90,000
SUBTOTAL 1 $550,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 * 20% $110,000
MOBILIZATION @ 10% OF SUBTOTAL 1° 10% $60,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $80,000
SUBTOTAL 2 $800,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 9.64% $80,000
CONTINGENCY @ 20% SUBTOTAL 2’ 20% $160,000
TOTAL IMPROVEMENT OPTION COST (LOW RANGE ESTIMATE @ 20% CONTINGENCY) ® $1,000,000
TOTAL IMPROVEMENT OPTION COST (UPPER RANGE ESTIMATE) ° $2,500,000

! Location of the bicycle/pedestrian overcrossing is assumed at Berne Park with existing two-lane configuration.
2 Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

3 Planning level costs for simple bridge structures range on average between $110 and $175 per square foot. A conservative estimate of $150 per square foot was utilized for this structure.
* The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
® The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
€ Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
A contingency of 20 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning level cost

estimate.

8 The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.

? Upper range planning level cost estimate attempts to account for miscellaneous aesthetic amenities, other optional features, and potential mitigation elements not included in the low range
estimate. For comparison purposes, the Pablo, MT pedestrian overcrossing was constructed to span the multilane US 93 facility at a cost of approximately $3.0 million for construction engineering
and construction. The upper range planning level cost estimate for the US 2 — Badrock Canyon Corridor pedestrian overcrossing is less than $3.0 million due to the narrower width of US 2 compared

to US 93.



‘ US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - DEDICATED BICYCLE/PEDESTRIAN

FACILITY
DOWL HK M Planning Level Estimate of Costs
. . 2 . . .
Adjusted Unit Prices
» Approx. Quantity ) Average Bid Prices )
Item Description L1 Unit Unit Price Amount Unit Price Amount >
(Per Station)
Dollars Dollars Dollars Dollars
BICYCLE/PEDESTRIAN FACILITY (FULL CONSTRUCT)
EXCAVATION-UNCLASS BORROW 150.00 CUYD $4.67 $701.00 $701.00
EMBANKMENT IN PLACE 50.00 CUYD $6.83 $342.00 $342.00
CRUSHED AGGREGATE COURSE 31.00 CUYD $18.79 $582.00 $582.00
DUST PALLIATIVE 0.30 TON $0.00 $120.00 $36.00
PLANT MIX BIT SURF GR $-3/4 IN 17.00 TON $25.37 $431.00 $431.00
ASPHALT CEMENT PG 64 64-28 1.00 TON $674.59 $675.00 $675.00
BICYCLE/PEDESTRIAN FACILITY (FULL CONSTRUCT) SUBTOTAL $2,731.00 $2,767.00
EMBANKMENT IN PLACE 3,200.00 CUYD $6.83 $21,856.00 $21,856.00
BICYCLE RAILING 3,500.00 LNFT $60.00 $210,000.00 $60.00 $210,000.00
REINFORCED CONCRETE RETAINING WALL 27,680.00 SQFT $25.00 $692,000.00 $50.00 $1,384,000.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
CONCRETE BARRIER RAIL 126.72 $7,060.00 $895,000
DEDICATED BICYCLE/PEDESTRIAN FACILITY 116.00 $2,767.00 $320,000
SUBTOTAL 1 $2,800,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 * 20% $560,000
MOBILIZATION @ 10% OF SUBTOTAL 1 7 10% $280,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $420,000
SUBTOTAL 2 $4,100,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 © 9.64% $400,000
7 20% $820,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $2,050,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ® $5,300,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ® $6,600,000

* One station is equal to 100 feet.

2Average MDT bid prices provided for the period January 2011 to December 2011.

® Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

* The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
® The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

® Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.

’A contingency range of 20 to 50 percent was used due to the high degree of unknown factors involved in rock excavation and uncertainties over the planning horizon, as well as the substantial
amount of items not accounted for in this planning level cost estimate.

8 The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all
scenarios and circumstances.
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DOWL HKM

US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - PARKING LOT

Planning Level Estimate of Costs

Unit Price Amount Unit Price g
Item Description Approx. Quantity Unit Amount
Dollars Dollars Dollars Dollars
PARKING LOT
PAVEMENT SURFACE 30,193.00 SQFT $2.25 $67,934.00 $67,934.00
CURB AND GUTTER 1,015.00 LNFT $17.00 $17,255.00 $17,255.00
PAVEMENT MARKINGS 40.00 GAL $12.00 $480.00 $480.00
AMENITIES ° 1.00 LS $0.00 $0.00 $50,000.00 $50,000.00
DRAINAGE SYSTEM 1.00 LS $0.00 $0.00 $60,000.00 $60,000.00
PARKING LOT SUBTOTAL $85,669.00 $195,669.00
SUBTOTAL 1 $200,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 13 20% $40,000
MOBILIZATION @ 18% OF SUBTOTAL1* 18% $36,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $30,000
SUBTOTAL 2 $310,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $29,900
. 20% $62,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2
50% $155,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ’ $400,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ’ $500,000

! Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

2 Amenity features may provide or enhance existing landscaping, fencing, lighting, benches or picnic areas, and bathrooms.
3 The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,

noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.
* The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.
® Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
°A contingency range of 20 to 50 percent was used due to the high degree of unknown factors over the planning horizon, as well as the substantial amount of items not accounted for in this planning

level cost estimate.

7 The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.
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US 2 - BADROCK CANYON CORRIDOR PLANNING STUDY - WILDLIFE UNDERCROSSING

Planning Level Estimate of Costs

Item Description Approx. Quantity Unit Unit Price Amount Unit Price Amount *
Dollars Dollars Dollars Dollars
RENFORCED CONCRETE BOX (22 FEET BY 12 FEET) 170.00 LNFT $2,500.00 $425,000.00 $425,000.00
ADDITIONAL EXCAVATION-UNCLASSIFIED 4,700.00 CUYD $4.27 $20,069.00 $20,069.00
WILDLIFE EXIT RAMPS (JUMP OUTS) 4.00 EACH $7,500.00 $30,000.00 $30,000.00
WILDLIFE FENCING 6,000.00 SQFT $2.50 $15,000.00 $15,000.00
SUBTOTAL 1 $490,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1> 20% $100,000
MOBILIZATION @ 10% OF SUBTOTAL 1 3 10% $49,000
CONSTRUCTION ENGINEERING @ 15% OF SUBTOTAL 1 15% $74,000
SUBTOTAL 2 $710,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 * 9.64% $68,000
CONTINGENCY @ 20% & 50% OF SUBTOTAL 2 ° 2o 2140,000
50% $360,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $920,000
TOTAL IMPROVEMENT OPTION COST @ 50% CONTINGENCY ° $1,100,000

! Cost estimates are provided in 2012 dollars. All dollar amounts are rounded for planning purposes.

2 The Miscellaneous category is estimated at 20 percent due to unknown factors including but not limited to excavation, embankment, topsoil, guardrail, BMPs, utilities, traffic control,
noxious weeds, slope treatments, ditch or channel excavation, incidental pavement transitional areas, temporary striping, temporary water pollution/erosion control measures and public relations.

% The Mobilization category includes all costs incurred in assembling and transporting materials to the work site.

“#Indirect costs are costs not directly associated with the construction of a project, but incurred during the construction processes. IDC percentage is subject to change.
*A contingency range of 20 to 50 percent was used due to the high degree of unknown factors involved in rock excavation and uncertainties over the planning horizon, as well as the substantial

amount of items not accounted for in this planning level cost estimate.

® The Total Improvement Option Cost reflects an estimate of potential construction costs based on planning level estimates, and should not be considered an actual cost or encompassing all

scenarios and circumstances.
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Appendix 3

Typical Sections and Spot Improvements
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RANGE OF POTENTIAL
TYPICAL SECTIONS CONSIDERED

Typical Section 1: Two-Lane
(RP 140.0 to 140.6%x and RP 141.2+ to RP 142.4)
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Typical Section 2: Three-Lane

(3-2-3-4 Configuration from RP 140.0 to 140.6* and Reverse 3-2-3-4
Configuration from RP 141.2% to RP 142.0%)
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Corridor Planning Stud Improvement Options Report

Typical Section 3: Reverse Three-Lane

(Reverse 3-2-3-4 Configuration from RP 140.0 to 140.6* and 3-2-3-4
Configuration from RP 141.2% to RP 142.0%)

US 2
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Typical Section 4: Four-lane
(RP 140.0 to 140.6x and RP 141.2+ to RP 142.4)
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Corridor Planning Stud Improvement Options Report

Typical Section 5: Four-lane with Center Median
(RP 140.0 to 140.6% and RP 141.2% to RP 142.4)
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Improvement Options Report

Corridor Plahning Stud

Typical Section 6: Two-Lane Cantilevered Structure
(RP 140.6% to RP 141.2%)
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Improvement Options Report

Corridor Plahning Stud

Typical Section 7: Two-Lane Cantilevered Structure
with Left-Turn Bay at Berne Park

(RP 140.9%)
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Typical Section 8: Four-Lane Cantilevered Structure
with Left-Turn Bay at Berne Park

(RP 140.9%)
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Typical Section 9: Four-Lane Cantilevered Structure
with Median

(RP 140.6% to RP 141.2%)
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Typical Section 10: Two-Lane Elevated Structure
(RP 140.6% to RP 141.2%)
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Typical Section 11: Four-Lane Elevated Structure
(RP 140.6% to RP 141.2%)
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Corridor Planning Stud Improvement Options Report

Typical Section 12: Four-Lane Elevated Structure with Median

(RP 140.6* to RP 141.2%)
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Corridor Planning Stud Improvement Options Report

Typical Section 13: Four-Lane Elevated Structure /
Cantilevered Structure Combination

(RP 140.6% to RP 141.2%)
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Separated Bicycle / Pedestrian Facility
(Throughout Corridor)
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information
Analyst David Stoner Highway / Direction of Travel usz
Agency or Company DOWL HKM From/To Columbia F to Hungry H EB
Date Performed 10/27/2011 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysls Year 2011
Project Description:  US 2 - Badrock Canyon Corrider P&
input Data
_____________ 3 Shaulderwidth ~ _ ~— — " it
Lane widih — I Class| highway [V Class i
— Lane widtly it . ™ Class Il hiah
_____________ 1 Shoulderwidih 0 | ighway | * Class Il highway
Terrain [ Level [ Rotling
Segment fength, L, mi Grade Length ~ mi  Up/down
Peak-hour factor, PHF 0.92
. : No-passing zone 100%
Analysls direction vol., V 553veh/n S HOHATOW o, Trucks and Buses, Py 6%
Opposing direction vol,, V, 351vehin % Recreational vehicles, P, 4%
Shoulder width ft 1.0 Agcess points mi 3fmi
L.ans Widlh ft 12.0
Segment Lenath mi 2.4
Average Travel Speed
Analysis Direction {(d) Qpposing Direction (o}
Passenger-car equivalents for trucks, E; (Exhibit 15-11 or 15-12) 1.7 2.0
Passenger-car equivalents for RVs, £y, (Exhibil 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, T ars=H (1+ PR{Er-1)#PL(Eg-1)) 0.956 0.940
Grade adjustment factor, fgATS {Exhibit 15-9) 0.97 0.89
Demand flow rate2, vi{pahh) =,/ (PHF* fg,ATS * fHV,ATS) 648 456
Free-Flow Speed from Fleld Measuremeont Estimated Free-Flow Speed
Base free-flow speed?, BFFS 60.0 min
3 Adj. for tane and shoulder width,* f, g{Exhibit 15-7} 4.2 mih
Mean speed of sample”, S, . . )
Tofal demand flow rate, both directions, v Adj. for access points®, fa (Exhibit 15-8) 0.8 mim
Free-flow speed, FFS=S4+0.00776(v/ fiy a1g ) Free-flow speed, FFS (FSS=BFFS-f o-f,) 550 mih
i - i N i Average travel speed, ATS =FFS-0.00776(v, +
Ad]. for no-passing zones, £, sy (Exhibit 16-15) 2.6 mih g p g (Vg aTs 439 mih
Vo.ATS) h fnp,ATS
Percent free flow speed, PFFS 78.8 %
Percent Time-Spent-Following
Analysis Direction {d) Opposing Direclion (o)
Passenger-car equivalents for intcks, Eq{Exhibit 15-18 or 15-19) 1.0 1.6
Passenger-car equivatents for RVs, Eg (Exhibit 15-18 or 1619} 1.0 1.0
Heavy-vehicle adjustment factor, =¥ (1+ Py{E-APR(ER-1}) 1.060 0.965
Grade adjustment factor!, fy.prsp (Exhibit 15-16 or Ex 16-17) 0.97 0.89
{Directional flow rate?, vifpc/h) v=VAPHF .y prer” fy prse) 620 444
b,
Base percent time-spent-following?, BPTSF 4(%)=100(1-e?¥a') 56.8
Ad]. for no-passing zone, fnp prsr (Exhibit 15-21) 34.5
Percent time-spent-following, PTSF (%)=BPTSF +f o hrer “(Vgprsr f Vaprsr * 269
Vo, PTSF)
Level of Service and Qther Performance Measures
Level of service, LOS (Exhibit 15-3) D
Volume to capacily ralio, v/ 0.40
file:///C:/Users/dstoner/AppData/Local/Temp/s2kC621 tmp 5/15/2012




Directional Page 2 of 2

Capacily, Cy,aTs (Equation 15-12) pch 4]
Capacity, Cd,PTSF {Equation 156-13) pc/h 1544
Percent Free-Flow Speed PFFS (Equation 15-11 - Class HI enly} 79.8
Bicycle Level of Service

Directional demand flow rate in outside lane, Vo, (Eq. 15-24) veh/h 601.1
Effective width, Wv (Eq. 15-29) ft 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
|Bicycle level of service score, BLOS (Eq. 15-31) 5786
Bicycle level of service (Exhibit 15-4) F
Notes

1. Note that the adjustment facior for level terrain Is 1.00,as lavel terrain is one of the base conditions. For the purpose of grade adjustment, spedific
downgrade segments are treated as level terrain,

2. If v{vy or v,) >=1,700 pe/h, lerminate analysis—the LOS s F.
3. For the analysis direction only and for v>200 vehth.
4. For the analysis direction only

5. Exhibit 156-20 provides c¢oefficients a and b for Equalion 15-10.
8. Use alternative Exhibit 16-14 if some lrucks operate al craw] speeds on a specific downgrade.
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Directional

Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Travel us2

Agency or Company DOWL HKM From/To Columbia F to Hungry H WB
[Date Performed 1072772011 Jurisdiction Flathead County

Analysis Tims Period AM Peak Analysis Year 2011

Project Description:  US 2 - Badrock Canyon Corridor Planning Study

input Data

_____________ ¥ Shoulderwidh T " |
u Lane width i I ClassIhighway [¥' Class i
——a- | Lane widlh ft . ™
T Shoulder widih m highway Class Il highway
___________________________ Tetrain I Levet v Rolling
Segment length, L mi Grade Length ~ mi  Upfdown
9 a b Peak-hour factor, PHF 0.84
. ~ No-passing zone 100%

Analysis direction val., V, 351vehih Sow NrANOY o) Trucks and Buses , P; 6%
Opposing direction vol,, V_ 553veh/h % Recreational vehicles, Py, 4%
Shoulder width ft i.0 Accass polnts mi 3fmi
Lane Width ft 12.0

Segment Length mi 2.4

Average Travel Speed

Mean speed of sample®, Seu
Total demand flow rate, both directions, v
Free-flow speed, FFS=5,,,+0.00776{w/ fv.aTs )

Adj. for no-passing zones, FﬂP.ATS (Exhibit 156-15) 1.7 mih

Analysis Direction (d} Opposing Direction (o)
Passenger-car equivalents for frucks, E; (Exhibit 15-11 or 15-12) 2.0 1.6
Passenger-car equivalents for RVs, E, (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, fuvars™V (4 PL(EL-D)+PL(EL-1)) 0.940 0.962
Grade adjustment factor?, fg_ATs (Exhibit 15-9) 091 0.98
Demand flow rate?, v;{pcin} vieVi/ (PHF f ars* Ty ats) 488 698
Free-Flow Speed from Field Measurement Estimatad Free-Flow Speed
Base free-flow speed®, BFFS 62.0 mih

Ad]. for lane and shoulder width,? fig(Exhibit 15-7) 4.2 mim
Adj. for access points?, 1, (Exhibit 15-8) 0.8 mih
Free-flow speed, FFS (FSS=BFFS-f o-f,) 57.0 mih
Average fravel speed, ATS =FFS-0.00776(v, +

¢ b d Yoats* 460 mim
Vors! ~Tno.aTs
Percent free ftow speed, PFFS 80.9 %

Percent Time-Spent-Following

Analysis Direclion {d) Opposing Direction {o}
Passenger-car equivalents for trucks, Eq{Exhibit 15-18 or 15-19) 1.4 1.0
Passenger-car equivalents for RVs, B, (Exhibit 15-18 or 15-19) 1.0 1.0
|Heavy-vehicle adjustment factor, f,, =1/ (1+ PL{E;-1)+PR(Ex-1) ) 0.977 1.000
Grade adjustment factor, fg.PTSF {Exhibit 15-16 or Ex 15-17) 0.91 0.98
Directional flow rate?, v{pcih) v=ViPHF 'rHV,PTSFi f& PTSF) 470 672
Base percent time-speni-following?, BPTSFd(%)=100(1—ea"db) 51.4
Adj. for no-passing zone, fnp.PTSF {Exhibit 15-21) 327
1Percent time-spent-foliowing, PTSFd(%)=BPTSFd+f np.PTSE '(Vd,PTSF ! Vyprsp T 619
Vo pTSF)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) c
Volume to capacity ralio, v/ic 0.28
file:///C:/Users/dstoner/AppData/lL.ocal/Temp/s2k88B4.tnmp 5/15/2012
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Capacity, Cy a1 (Equation 15-12) pch 1603
Capacily, G, prqr (Equation 15-13) pe/h 1666
Percent Free-Flow Speed PFFS (Equation 15-11 - Class Ill only) 80.9
Bicycle Level of Service
Directional demand ftow rate In oulside fane, Vor (E4. 15-24) veh/m 417.9
Effeclive width, Wv {Eq. 15-29) ft 13.00
Effective speed factor, §; (Eq. 15-30) 4.79
|Bicycle level of service score, BLOS {Eq. 15-31) 5.58
[Bicycte levet of service (Exhibit 15-4) F
Notes
1. Note that the adjusiment factor for level terrain is 1.00,as level terrain is one of the base conditions, For the purpose of grade adjustment, specific
downgrade segments are freated as level terrain.
2. If v(vy or v} >=1,700 peih, terminate analysis--the LOS s F,
3. For the analysis direclion only and for v>200 veh/h.
4. For the analysis direction only
5. Exhibit 16-20 provides coefficienis a and b for Equation 15-10.
8. Use alternative Exhibit 15-14 if some trucks operate at crawl speeds on a specific downgrade.
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Sife Information

Analyst David Stoner Highway / Diraction of Travel usz

Agency or Company DOWL HKM From/To Columbia F to Hungry H EB

Date Performed 10/27/2011 Jurisdiction Flathead County

Analysis Time Period Median Off-Paak Analysis Year 2011

iProiecl Description: US 2 - Badrock Canyon Comidor Planning Sfudy

Input Data

_____________ ¥ shoulderwicin ~ — |
Lane vidth it I Class Ihighway [V Class 1l
— | Lane width t . -
+ Shoulder width it highway | Class Iif highway
_______________________ Terrain 7 Level v Relling
Segment length, L, mi Gradetenglh  mi Upfdown
- Peak-hour factor, PHF 0.91
- No-passing zone 100%
Analysis direction vol., V,, 493veivh Show Morlfi Msow o, 11 ek and Buses Pr 6%
Opposing direction vel., V,, 430velv/h % Recreational vehicles, P 4%
Shoulder width ft 1.0 Access points mi 3/mi
Lane Width f 12.0
Segment Length mi 24
Average Travel Speed
Analysis Direction (d) Opposing Direction (o}
Passenger-car equivalents for trucks, Ey (Exhibit 16-11 or 15-12) 1.8 1.9
Passenger-car equivalents for RVs, Ep, (Exhibit 15-11 or 15-13) 1.1 1.9
|Heavy-vehicte adjustment factor, f, ppe=1/ (1+ P (Ef AP (EL-1)) 0.951 0.945
Grade adjustment factor?, fg.ATs {Exhibit 15-9) 0.96 0.94
Demand flow rate?, v, (perh) vV / (PHF* £ xrs* fuy ) 593 532

Free-Flow Speed from Field Measurement

Estimated Free-Flow Speed

Base free-flow speed?, BFFS 61.0 mih
Adj. for fane and shoulder width,? fyg(Exhibit 15-7) 4.2 mih
Mean speed of sample®, S, _ .y N )
Total demand flow rate, both directions, v Adj. for access points®, fA (Exhibit 15-8) 0.8 mim
Free-flow speed, FFS=8yt0.00776(W/ f1 o7 ) Free-flow speed, FFS (FSS=BFFS-fLS-fA) 56.0 mih
Adj. for no-passing zones, f p.avs (Exhibit 15-16) 2.3 mim Average travel speed, ATS=FFS-0.00776(v, ats*t 150 mit
Vors) - Tno.aTs
Percent free flow speed, PFFS 803 %
Percent Time-Spent-Following
Analysls Direclion (d) Opposing Direction {0}
Passenger-car equivalents for trucks, E{Exhibit 15-18 or 15-19) 1.2 14
|Passenger-car equivalents for RVs, Ep, (Exhibit 15-18 or 15-19) 1.0 1.0
IHeavy—vehic[e adjustment factor, fi,,,=1/ (1+ Pr{E-1)+Pg(Ep-1)) 0.988 0.977
Grade adjustment factor!, {3 prgp (Exhibll 15-16 or Ex 15-17) 0.96 0.94
Directionat flow rate?, vipe/h) vEVAPHE® HVPTSF* fg_,_ﬂSF) 571 5156
b
Base percent time-spent-following®, BPTSF 4(%)=100{1-6%"d ) 55.5
Adj. for no-passing zone, fnp’PTSF (Exhibit 15-21) 36.9
[Percent time-spent-following, PTSF d(%)=BPTSF d+f N, PTSF *(vd PYSF Ivd‘ prsp F 240
Vo,pTsF)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) D
Volume 1o capacity ratio, we 0.35
file:///C:/Users/dstoner/AppData/Local/Temp/s2kB89A .tmp 5/15/2012
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Capacity, Gy a1g (Equalion 15-12) pch 0
Capacity, G, prgr (Equation 15-13) pe/h 7613
Percent Free-Flow Speed PFFS (Equation 15-11 - Class IH only) 80.3
Bicycle Level of Service

Directional demand flow rate in outside lane, Vo (EG. 15-24) vehfh 541.8
Effective width, Wv {Eq. 15-29) ft 13.00
Effective speed factor, §; (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 571
|Bicycle tevel of service (Exhibit 15-4) F
Noles

1. Note that the adjustment factor for level terrain is 1.00,as lavel terrain is one of the base conditions. For the purpose of grade adjustment, specific
downgrade segments are {reated as level terrain.

2. Ifyvy or v} >=1,700 poh, terminate analysis-the LOSis F.

3. For the analysls direction only and for v>200 veh/h.

4. For the analysis direction only

5. Exhibit 16-20 provides coefficients a and b for Equation 15-10.

6. Use altarnalive Exhibit 15-14 if soma trucks operale at crawl speeds on a specific downgrade.
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Travel usz

Agency or Company DOWL HRKM From/To Columbia F to Hungry H WB

Date Performed 10/27/2011 Jurisdiction Flathead County

Analysis Time Period Median Off-Peak Analysis Year 2011

Project Desciiption:  US 2 - Badrock Canyon Corridor Planning Study

Input Data

| Shoulder width It
u Lane width — I Classihighway [ Classil
— | Lane width It . r "
_____________ § Shoulderwidth R | highway Class il highway
Terrain [ Level v Rolling
Segment length, L, mi Grade Length ~ mi  Up/down
Peak-hour factor, PHF 0.89
- No-passing zone 100%
Analysis direction vol., V; 430veh/h ShowllonhAiow of -ty cks and Buses | Py 6%
Opposing direction vol., V, 493vehrh % Recreational vehicles, P, 4%
Shoulder width ft 1.0 Access points mi 3fmt
|Lane Widlh 12.0
Segment Length mi 2.4

Average Travel Speed

Analysis Direclion (d) Opposing Direction (o}
Passanger-car equivalents for trucks, E¢ (Exhibit 16-11 or 15-12) 1.8 1.7
Passenger-car equivalents for RVs, Eg (Exhibit 16-11 or 156-13) 1.1 1.1
Heavy-vehicle adjustment factor, i, apg=1/ (1% Pr(Ep-1)+P o (E5-1)) 0.951 0.956
Grade adjustment factor®, f, g (Exhibit 15-9) 0.94 0.96
Demand flow rate?, v, (pch) vi=V ! (PHF* fg ATS * fHV' ATS) 540 604
Free-Flow Speed from Fleld Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFES 61.0 mih
3 Adj, for tane and shoulder width,? i g(Exhibit 15-7) 4.2 mih
Mean speed of sample”, Sy, i 4 . .
Total demand flow rate, both directions, v Ad]. for access points™, f, (Exhibit 15-8) 0.8 mim
[Free-flow speed, FFS=Sp,+0.00776(W fyy ars ) Free-flow speed, FFS (FSS=BFFS- -f,) 56.0 mih
i . i ibit 15- i Average travel speed, ATS =FF3-0.00776 +

Adj. for no-passing zones, fnpATS (Exhibit 15-15) 1.9 mih ¢! P d V4.a15 453 mih

VO.ATS) - [np.ATS

Percent free flow speed, PFFS 80.8 %

Percent Time-Spent-Following

Analysis Direction (d) Opposing Direclion {o)
Passenger-car equivatents for trucks, E{Exhibit 15-18 or 15-19) 1.4 1.2
Passenger-car equivalents for RVs, Ej, (Exhibit 15-18 or 15-19} 1.0 1.0
Heavy-vehicle adjustment factor, f =1/ (1+ PrE- 1)+ PR{Eg-1) ) 0.977 0.988
Grade adjustment factor!, fo.prse {Exhibit 15-16 or Ex 15-17) 0.95 0.97
Directional flow rate?, vipc/h) vaVI(PHF gy prge® f& P 521 578
Base percent time-spent-following?, BPTSFd(%)=100(1-ea“'db) 53.6
Adj. for no-passing zone, fop.prsr (Exhibit 15-21) 36.5
Percent time-spent-following, PTSF (%)=BPTSF +f . oror “Wgprse / Vaprsr * 0.0
Vo PTSE)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3} o
Volume to capacity ratio, vt 0.32
file:///C:/Users/dstoner/AppData/Local/Temp/s2kF50D.tmp 5/15/2012
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Capacity, Cd.,\TS {Equation 15-12) pc/h 1576
Capacity, C‘,‘PTSF {Equation 15-13) pc/h 1629
Percent Free-Flow Speed PFFS {Equation 15-11 - Class Il only) 80.8
Bicycle Level of Service

Directional demand ftow rate in outside fane, Vo (Eq. 15-24) veh/h 483.1
Effective width, Wv {(Eq. 15-20) ft 13.00
Effective speed factor, S; (Eq. 15-30) 4.79
|Bicycle tevel of service score, BLOS (Eq. 15-31) 5.65
|Bicycle level of service (Exhibit 15-4) F
Notes

1. Nole that the adjustment factor for level terrain is 1.00,as level terrain is one of lhe base conditions. For the purpose of grade adjustment, specific
downgrade segmenis are treated as level terrain.

2.0fwfv; o1 v,) >=1,700 pe/h, terminate analysis—-the LOS is F.

3. For the analysis direction only and for v>200 vehf.

4. For the analysis direction only

5. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

8. Use allernative Exhibit 15-14 if some trucks operate at crawl speeds on a specific downgrade.
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Directional

Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information

Analyst David Stoner
Agency or Company DOWL HKM
Date Performed 10/27/2011
Analysis Time Period PM Peak

Site Information

Highway / Direclion of Travel usz

From/To Columbia F to Hungry H E8
Jurisdiction Flathead County

Analysis Year 2011

Project Description:  US 2 - Badrock Canyon Corrddor Planning Study

Input Data
_____________ ¥ Shoulderwiqgh T T gt
-— Lane width tt
— L Lane width it
_____________ v _Shoulderwidth

Segment length, L,

Analysis direction vot., V 410veh/h
Opposing direclion vol,, V, 687veh/h
Shoulder widih ft 1.0

Lane Width ft 12.0
Segment Length mi 2.4

Show North Arrow

[ Class Ihighway ¥ Class I
highway - Class lll highway

Terrain [ Level F; Rolling
Grade Length  mi Up/down
Peak-hour factor, PHF 0.88
No-passing zone 100%
% Trucks and Buses , Pr 6%

% Recreational vehicles, P 4%
Access points mi 3fmi

Average Travel Speed

Analysis Direction (d) Opposing Direction (o)
|Passenger-car equivalents for trucks, E (Exhibit 15-11 or 15-12) 1.9 1.4
IPassenger-car squivalents for RVs, Ep, (Exhibit 15-11 or 15-13) 1.1 1.1
’Heavy-vehic{e adjustment factor, fin, a7e=1/ (14 P (E;-1)+P5 (E5-1)) 0.945 0.973
Grade adjustment factor?, fg.ATS {Exhibit 15-8) 0.93 0.99
Demand flow rale?, v; (pe/hy vi=V H{PHF* fg.ATS * fHV.ATS) 530 810
Free-Flow Spead from Field Measurement Estimated Free-Flow Speed
Base free-flow speed®, BFFS 61.0 mih
3 Ad]. for lana and shoulder width,* f g{Exhibit 15-7) 4.2 mih
Mean speed of sample”, Sgy, i 4 ) )
Total demand flow rate, both directions, v Adj. for access points™, f, (Exhibit 15-8) 0.8 mim
1Free—ﬂow speed, FFS=5,,,+0.00776(v/ fvats) Free-flow speed, FFS (FSS=BFFS of,} 56.0 mim
Adj. for no-passing zones, fnp AT (Exhibit 15-15) 1.4 mim Average lravel speed, ATS=FFS-0.00776(v arst 443 mih
Voats! ~ frp.ats
Percent free flow speed, PFFS 790 %

Percent Time-Spent-Following

Analysis Direction {d) Opposing Birection (o)
Passenger-car equivalents for trucks, E{Exhibit 15-18 or 15-19) 1.4 1.0
Passenger-car equivalents for RVs, &, (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjusiment factor, fp =1 (15 PHEFIHPR(ER )} 0.977 1.000
Grade adjustment factor!, {_ ;.1 o (Exhibit 15-16 or Ex 15-17) 0.94 1.00
Dirgctional flow rate?, v{pc/h) VEVAPHF fy prse* fy prse) 508 781
Base percent ime-spent-following?, BPTSF,(%)=100(1 -ea"db) 55.5
Adj. for no-passing zone, fnp,PTSF (Exhibit 15-21) 285
|Percent time-spent-following, PTSF d(%)=BPTSF d+f np,PTSE .(Vd, prse ! Vyprsr* 66.7
VorTse)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) C
Volume to capacity ratio, v/c 0.30
file:///C:/Users/dstoner/AppData/Local/Temp/s2k2447.tmp 5/15/2012
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Capadity, Cy 5yg (Equation 15-12) peh 1638
Capacity, Cy prsr (Equation 15-13) poh 1700
Percent Free-Flow Speed PFFS {Equation 16-11 - Class Hi only) 79.0
Bicycle Level of Service

Directional demand flow rate in outside tane, Voo {Eq. 156-24) vehth 465.9
Effective widlh, Wv (Eq. 15-29) ft 13.00
Effeclive speed faclor, S, (Eq. 15-30} 479
Bicycle leve! of service score, BLOS (Eq. 15-31) 5863
Bicycle [evel of service {Exhibit 15-4) F
Notes

1. Note thal the adjustment factor for [evel terraln is 1.00,as level terrain ts one of the base conditions. For the purpose of grade adjusiment, specific
downgrade segments are trealed as level terrain.

2. Ifv{vy or v} >=1,700 pc/h, terminate analysis--the LOSis F.

3. For the analysis direction only and for v>200 veh/h.

4. For the analysis direction only

6. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

6. Use afternative Exhibit 15-14 if some frucks operale at ¢rawl speeds on a specific downgrade.

Copyright @ 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3 Generated: 5/16/2012 3:08 PM
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information |site information

Analyst David Sfoner IHighway { Direction of Travel us2

Agency or Company DOWL HKM From/To Columbia F to Hungry H W8

Date Performed 10/27/2011 Jurisdiction Flathead Counly

Analysis Time Period PM Peak Analysis Year 2011

Project Descriplion:  US 2 - Badrock Canyon Corridor Planning Study

input Data

_____________ A e — e

| Shoulder width ft

g — Lane widih it

e Latie widih It
_____________ v_Shoulderwidth 1|

Segment length, |,

Analysis directton vol., Vy 687veh/h
Opposing direcfion vol, V, 410veh/h
Shoulder width ft 1.0

Lane Width ft 12.0
Segment Length mi 2.4

[ Class | highway v Class H
highway [ Class Ill highway

Terrain [ Level F‘- Rolling
Grade Length  mi Upidown
Peak-hour factor, PHF 0.91
‘ No-passing zone 100%
Show Morth Artow % Trucks and Buses , Pr 6%
% Recrealional vehicles, P, 4%
Access points mi 3fmi

Average Travel Speed

Analysis Direction (d} Opposing Direction {0)
1Passenger-car equivalents for trucks, E (Exhibit 15-11 or 15-12) 1.5 1.9
Passenger-car equivalents for RVs, Ep (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehlele adjustment factor, fvars= ¥ {1+ PrE;-1HPR (Eg-1)) 0.967 0.945
Grade adjustment factor?, fy ars (Exnibit 15-9) 0.99 0.93
Demand flow rate?, v; (peh) vi=V/ (PHF* fg_ ATS fHV‘ ATS) 789 513
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 63.0 mih
Adj. for lane and shoulder width,* f, g(Exhibit 15-7) 4.2 mim
Mean speed ofsamples. Sey ] - » )
Tolal demand flow rate, both directions, v Adj. for access points®, f, (Exhibit 15-8) 0.8 mih
Free-flow speed, FFS=8.,,+0.00776(v/ fiy, o7s ) Free-flow speed, FFS (FSS=BFFS-, o) 58.0 mih
i - i ibit 15- i Aver ravel d, ATS =FF3-0.00776 +
Adj. {or no-passing zones, fnp,ATS {Exhibit 15-15) 2.6 mih age lravel spee d (Vd_mg 453 mim
Vo.aTs) ~ fp,ATS
Percent free Now speed, PFFS 78.1 %

Percent Time-Spent-Following

Analysis Direction {d} Opposing Direction {o)
Passenger-car equivalents for lrucks, Er{Exhibit 15-18 or 15-19) 1.0 1.4
Passenger-car equivalents for RVs, Eg (Exhibit 15-18 or 16-19) 1.0 1.0
Heavy-vehicle adjustmant factor, fi, =1/ (1+ Py{Eq-1)3P(E-1}) 1.000 0977
Grade adjustment facter?, fgl,;,TSF (Exhibit 15-16 or Ex 16-17) 1.00 0.93
Directional flow rate?, v{pcih) y=VHPHF*fyy o1er” Ty prse) 755 196
Base percent fime-spent-following®, BPTSFd(%)=100(1-eanh) 64.5
Adj. for no-passing zone, fanPTSF (Exhibit 15-21} 29.4
Percent time-spent-foflowing, PTSF (%)=BPTSF +f  nror “(Vgprsr / Vaprse * 2.2
Vo,pTSE)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) D
Volume to capacily ratio, we 0,47
file:///C:/Users/dstoner/AppData/Local/ Temp/s2kSCD4. tmp 5/15/2012
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Capacity, Cd,ATS {Equation 15-12) pc/h 0
Capacity, Cq,prsr (Equation 15-13) pe/h 1694
|Percent Free-Flow Speed PFFS4(Equatton 15-11 - Ctass 11l only) 78.1
Bicycle Leve! of Service

[Directional demand flow rate in outside lane, Vo (Eq. 15-24) veh/h 754.9
Effective width, Wv (Eq. 15-20) R 13.00
Effective speed factor, 8, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5.88
Bicycle fevel of service {Exhibit 15-4) F

Nofes

downgrade segments are treated as level terrain.
2. 1fyy(vy or v} >=1,700 pc/h, terminate analysis--the LOS is F.

3. For the analysis direction only and for v>200 veh/h.
4. For the analysis direction only
5. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

6. Use alternative Exhibit 15-14 if some trucks operate at crawl speeds on a specific downgrade.

1. Note that the adjustment factor for fevel terrain is 1.00,as level terrain Is one of the base conditions. For the purpose of grade adjustment, specific

Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Travel us2

Agency or Company DOWL HKM From/To Columnbia F to Hungry H EB

Date Performed 10/27/2011 Jurisdiction Flathead Counly

Analysis Time Period AM Peak Analysis Year 2011

Project Description:  US 2 - Badrock Canyon Corridor Planning Study

Input Data

_____________ ¥ Shoulder widtr it |
- [ Lane width it
—d Lane width it

_____________ ¥ _Shoulderwidh __ # |

Segment length, L,

Analysis direction vol., V4 278veh/h
Opposing direction vol., ¥, 175vehih
Shoulder width ft 1.0

Lane Width ft 12.0
Segment Length mi 2.4

- Class | highway I crasst
highway [ Class Iil highway

Termain I Levet ¥ Roliing
Grade Length  mi Upfdown
Peak-hour factor, PHF 0.92
‘ MNo-passing zone 100%
Show Morlh A1eow o ks and Buses Py 6%
% Recreational vehicles, P, 4%
Access points mi 3imi

Average Travel Speed

Mean speed of sample®, S,
Total demand flow rate, both directions, v
Free-flow speed, FFS=5, +0.00776(v/ fvars)

Adj. for no-passing zones, fnp ATS (Exhibit 15-15) 3.6 mih

Analysis Direction {d) Opposing Direction {0)

Passengar-car equivalents for trucks, E (Exhibit 15-11 or 15-12) 2.1 2.3
Passenger-car equivalents for RVs, Ep, (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, v ats= 1 (14 Pr{Ep-11+PR(Ex-1)} 0.935 0.924

Grade adjustment factor!, fy.ats (Exhibit 15-8) 0.83 0.74
iDemand flow rate?, vi{pehy vi=V, [ (PHF* fg'ATS *fv.ats) 391 278

Free-Flow Spead from Field Measuroment Estimated Free-Flow Speed
Base free-flow speed?, BFFS 60.0 mim

Ad). for lane and shoulder widlh,4 f g(Exhibit 15-7} 4.2 mim
Ad]. for access points?, f, (Exhibit 15-8) 0.8 mih
Free-flow speed, FFS {(FSS=BFFS- o-f,) 55.0 mih
Average travel speed, ATS =FFS-0.00776(v, +

P ¢ Yoats ™ ey mim
Vo.ats! ~ fap ATS
Parcent free flow speed, PFFS 84.0 %

Percent Time-Spent-Following

Analysis Direction (d) Opposing Direction (o)
Passenger-car equivalenis for trucks, E;{Exhibit 15-18 or 15-19) 1.6 1.8
Passenger-car equivalents for RVs, Eg (Exhibit 15-18 or 15-19) 1.0 1.0
jHeavy-vehicle adjustment factor, fi =1/ (1+ P{E 1) Pe(Eg-1)} 0.965 0.954
Grade adjustment factor?, fg,PTSF {Exhibit 15-16 or Ex 15-17) 0.85 0.79
Direciional flow rate?, vipc/h) v,=Vg(PHF‘fHV'PTSF* fg‘PTSF} 370 252
Base percent ime-spent-following®, BPTSFd(%)=100(1-ea"db) 37.3
Adj. for no-passing zone, !np.PTSF {Exhibit 15-21) 521
[Percent time-spent-following, PTSFd(%)=BPTSFd+f . PTSF “Waptse! YapTsr t 68.3
Yo,p15F)
Level of Service and Other Performance Measures
Lavel of service, LOS {Exhibil 16-3) C
Volume to capacily ratio, v/ 0.27
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Capacity, Cy ayg (Equation 15-12) pe/n 0
Capacily, Gy pygr (Equation 15-13) poh 1354
Percenl Free-Flow Speed PFFS(Equalion 15-11 - Class 1l only} 84.0
Bicycle Level of Service

Direclional demand flow rate in outside lane, VoL (Eq. 15-24) veh/h 303.3
Effective width, Wv {(Eq. 15-20) ft 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 542
Bicycle level of service (Exhibif 15-4) E
Notes

1. Note that the adjustment factor for leve! terrain fs 1.00,as level terrain is one of the base condilions. For the purpose of grade adjustment, specific
downgrade segments are treated as level terrain,
2. fvify, or v) »=1,700 po/h, terminate analysis—-the LOS is F.

3. For 1he analysls direclion only and for v>200 veh/h,

4. For the analysis direction only

5. Exhibit 15-20 provides coefficlents a and b for Equalion 15-10.

6. Use alternalive Exhibit 15-14 if some trucks operate at crawl speeds on & specific downgrade.

Copyright € 2012 University of Florida, All Rights Reserved HCS 2010™  Version 6.3 Generated: 5/15/2012 3:10 PM
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Directional Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site information
Analyst David Stoner Highway / Direction of Trave! us?2
Agency or Company DOWL HKM Feom/To Columbia F to Hungry H WB
Date Performed 10/27/2011 Jurisdiction Flathead Counly
Analysis Time Period AM Peak Analysis Year 2011
lProiecl Description: US 2 - Badrock Canyon Corridor Planning Study
Inpuf Dala
_____________ ¥ Shoulderwidh ~_ — ~ " n
Lane #idth a— I Classihighway ¥ Classil
— | Lane width It ) r i
_____________ 7 Shouiderwidh _____ #t highway |~ Class lit highway
Temain i Level 2 Rolling
Segment length, L mi Grade Length  mi Up/down
Peak-hour factor, PHF 0.84
- No-passing zone 100%
Analysis direction vol., V 175vehh Show HorlhAiko¥ of Trycks and Buses , Pp 6%
Opposing direction vol., V, 279vehih % Recrealional vehicles, P 4%
Shouider width ft 1.0 Access points mi 3imi
fLane Width ft 12.0
Segment Length mi 2.4
Average Travel Speed
Analysis Direction {d) Opposing Direction (0)
Passenger-car equivatents for trucks, E (Exhibit 15-11 or 15-12) 2.3 2.1
Passenger-car equivalents for RVs, Eg (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustmenl factor, fi, 4ps=1 (1+ Pr(E4-T+P(Eg-1) 0.924 0.935
Grade adjustment factor’, £, 1 (Exhibit 15-9) 0.76 0.85
[Demand flow rate?, v, (pef) vi=V, £ (PHF* £, nyg* fryars) 297 418
Free-Flow Speed from Field Measurement Estimated Freo-Flow Speed
Base free-flow speed?, BFFS 62.0 mim
Ad]. for lane and shoulder width,* {, o(Exhibit 15-7) 4.2 mih
Mean speed of sample®, S, . -y N .
Total demand flow rate, both directions, v Adj. for access points®, fa (Exhibit 15-8) 0.8 mim
Frea-flow speed, FFS=S5,+0.00776(v/ fi;y, a7s ) Free-flow speed, FFS (FSS=BFFS- o-f,) 57.0 mih
Ad. for no-passing zones, fop.aTs (Exhibit 15-15) 3.1 mim Average travel speed, ATS;=FF5-0.00776{v, ats * 184 mim
Voars! - fanaTs
Percent free flow speed, PFFS 848 %
Percent Time-Spent-Following
Analysis Direction {d) Opposing Direction (o)
Passenger-car equivalents for trucks, E{{Exhibit 15-18 or 15-19) 1.7 1.6
Passenger-car equivalents for RVs, E, (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, f, =1/ (1+ Py{E-1)}+P(Ep-1) ) 0.960 0.955
Grade adjustment factor!, fy,p7sF (Exhibit 15-16 or Ex 15-17) 0.80 0.87
Directional flow rate?, vipeM} VeVAPHFfy brge”™ fg_PTSF) 271 386
b
Base percent time-spent-following?, BPTSF (%)=100{1-e%% ) 32.3
Adj. for no-passing zone, fnp prsp (Exhibit 15-21) 49.1
Percent time-spant-following, PTSF li(%)=BF’TSF ci+f 09, PTSF *("'d, prse ! Vgprse * 522
Vo,PTSF)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) B
Voluime fo capacity ratio, v/ 0.18
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Capacity, Cg ars {Equation 15-12) peh 1438
Capadity, Cy pygr (Equation 15-13) peh 1477
Percenl Free-Flow Speed PFFS (Equation 15-11 - Class Il only) 84.8
Bleyele Level of Service
{Directional demand flow rate In outside lane, Vi (EQ. 15-24) vehv/h 208.3
Effective width, Wy (Eq. 15-29) f 13.00
Effective speed factor, 8, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 523
Bicycle level of service (Exhibit 15-4) E

Nofes

downgrade segments are treated as level terrain.
2. 1fy{vy or v,) >=1,700 pc/h, terminate analysis--the LOS is F.

3. For the analysis direction only and for v>200 veh/h,
4. For the analysis direclion only
5. Exhibit 15-20 provides coefficlents a and b for Equation 15-10.

6. Use alternative Exhibil 156-14 if soms trucks operale at crawl speeds on a specific downgrade,

1. Note that the adjustment factor for level terrain Is 1.00,as level terrain is one of the base conditions. For the purpose of grade adjustment, specific

Copyright ® 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information |site tnformation

Analyst David Stoner Highway / Direction of Travel Us2

Agency or Company DOWL HKM fromfTo Columbia F to Hungry H EB

Date Performed 10/27/2011 Jurisdiclion Flathead Counly

Analysis Time Period Median Off-Peak Analysis Year 2011

Project Description:  US 2 - Badrock Canyon Corridor Planning Study

Input Data

T T T T ¥ Shoulderwidth R |
e F Lane width It
e L Lane width it

_____________ ¥ Shoulderwidth Wt |

Segment langth, L,

Analysis direction vol., V4 246veh/h
Opposing direction val,, V, 214vehih
Shoulder width fi 1.0
|Lane Width ft 12.0
Segment Length mi 2.4

7 Classinighway ' Classil
highway ™ cClassm highway

Terrain l“' Level [+ Rolling
Grade Length  mi Up/down
Peak-hour factor, PHF 0.91
‘ ~ No-passing zone 100%
Show Horth Astow o, 1 cee and Buses , Py 6 %
% Recreational vehicles, P, 4%
Access points mi 3fmi

Average Travel Speed

Analysis Direction (d) Opposing Direclion {0)
Passenger-car equivalents for trucks, E (Exhibit 15-11 or 15-12) 22 22
Passenger-car equivalents for RVs, Eg (Exhiblt 15-11 of 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, v ats=t Q1+ Pr{E;-1PL(Ep-1)) 0.925 0.929
Grade adjustment factor?, fg,ATs {Exhibit 15-9) 0.81 0.78
Demand flow rate?, vi{pe/h) vi=V,/ (PHF* Eg_ ars” fvars) 359 325
Fres-Flow Speed from Fleld Measurement Estimated Free-Flow Speed

Base free-flow speed?, BFFS 61.0 mim

Adj. for fane and shoulder width,* fLg(Exhibit 15-7) 4.2 min
Mean speed of samp]e3. Sey ] .y . )
Total demand flow rate, both directions, v Adj. for access poinls®, f, (Exhibit 16-8) 0.8 mim
Free-flow speed, FFS=S¢,,#0.00776(/ f,y, o1s ) Free-flow speed, FFS (FSS=BFFS-f o-f,) 56.0 mih

i - i ibit 15- 7 Average travel speed, ATS =FFS-0.00776(v +

Adj. for no-passing zones, fnp,ATS (Exhibit 15-15) 3.4 mih q D o Ve a1s 473 mim

Vo.ars! ~ fp aTs

Percent free flow speed, PFFS 84.4 %

Percent Time-Spent-Following

Analysis Direction (d) Opposing Direction (o)
Passenger-car equivalents for trucks, E(Exhibit 15-18 or 15-19) 1.7 1.7
Passenger-car equivalents for RVs, Eg (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, fi,=1/ (1+ Py{E;-11#P(Ep-1)) 0.960 0.960
Grade adjustment factor!, !g.PTSF {Exhibit 15-16 or Ex 15-17) 0.84 0.82
|Direclionai flow rate?, v{pc/n} \,3=V]1(PHF*fHVPTSF* fg'PTSF) 335 299
IBase percent time-spent-following?, BPTSF¢(%)=100(1-ea"'db) 36.0
Adj. for no-passing zone, fnp.PTSF (Exhibit 15-21) 54.1
Percent time-spent-following, PTSF d(%)=BPTSF ot op.prse “Waprse { Vaprse * 646
Vo prsk)
Level of Service and Other Performance Measures
Level of service, LOS {Exhibit 15-3) c
Volume to capacily ratio, v/ 0.24
file:///C:/Users/dstoner/AppData/Local/Temp/s2k67FB.tmp 5/15/2012
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Capacity, Cy arg (Equation 15-12) pch 0
Capacity, Gy prgy (Eqtration 15-13) pe/h 1387
fPercent Free-Flow Speed PFFS (Equation 15-11 - Class [ only) 84.4
Bleycle Level of Service
Directional demand flow rate In oulside lane, Vo (EQ. 15-24) vehm 270.3
Effective width, Wv (Eq. 15-29) Rt 13.00
Effective speed factor, 8§, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS {Eq. 15-31) 5,36
Bicycle fevel of service {Exhibit 15-4) E

Notes

downgrade segments are treated as level terrain.
2. vy or v} >=1,700 pc/h, ferminate analysis—-the LOS Is F.

3. For the analysis direction only and for v>200 veivh.
4. For the analysis direction only
5. Exhibit 156-20 provides coefficlenis a and b for Equation 15-10.

8. Use allernalive Exhibit 15-14 if some trucks operate at crawl speeds on a specific downgrade.

1. Note that the adjustment factor for level lerrain is 1.00,as level terrain is one of the base conditfons, For the purpose of grade adjustment, specific

Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Travel us2

Agency or Company DOWL HKM From/To Columbia F to Hungry H W8

Date Performed 1072772011 Jurisdiction Flathead County

Analysis Time Period Median Off-Peak Analysis Year 2011

Project Description:  US 2 - Badrock Canyon Conidor Planning Study

input Data

_____________ ¥ Shoulderwidh |
-— [ Lane width it
—n L Lane width it

_____________ v_Shouldorwidh 1 |

Segment fength, L,

Analysis direction vol., Vy 214veh/h
Opposing direction vol., Vo 246veh/h
Shoulder width ft 1.0

Lane Width ft 12.0
Segment L.englh mi 2.4

I Class | highway F" Class I
highway | | Class Il highway

Terrain [ Level f‘.;' Rolting
Grade Length ~ mi Up/down
Peak-hour factor, PHF 0.89
. ~ No-passing zone 100%
Shosy Marlk Perowy % Trucks and Buses , PT 6%
% Recreational vehicles, P 4%
Access points mi S3imi

Average Travel Speed

Analysis Direction (d} Opposing Birection (o)
Passenger-car equivalents for trucks, E (Exhibit 15-11 or 15-12) 22 2.1
Passenger-car equivalenls for RVs, E (Exhibit 16-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment facior, v ars= 1 (14 Pr(E-IHPL (EL-1)) 0.929 0.935
Grade adjustment factor?, Ty.ats (Exhibit 15-9) 0.78 0.81
Demand flow rate?, v;(pc/h} vi=Vi/ (PHF* fg,ATs * fHV. ars) 332 365
Free-Flow Speed from Field Measurement Estimated Free-Flow Spesd

Base free-flow speed?, BFFS 61.0 mim

Adj]. for fane and shoulder width,? f g(Exhibit 15-7) 4.2 mih
Mean spaed of sample®, Sey ] - . )
Total demand flow rate, both directions, v Adj. for access points®, f, (Exhibit 15-8) 0.8 mim
Free-flow speed, FFS=Spy+0.00776(/ {1y a7s ) |Free-flow speed, FFS (FSS=BFFS-f o(,) 56.0 mim

i ibit 15~ i travel , =FFS-0. +

Ad]. for no-passing zones, f,, 4rg (Exhibit 15-15) 3.2 mimh Average travel speed, ATS 0.00776(vy o1 474 mim

Vo,ATS) - fns:,ATS

Percent free flow speed, PFFS 84.6 %

Percent Time-Spent-Fellowing

Analysis Direction {d) Opposing Direction (o)
Passenger-car equivalents for trucks, £;(Exhibit 15-18 or 15-19) 1.7 1.7
Passenger-car equivalents for RVs, Ep, (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, fi =1/ (1+ Pp{E-1)+Pg(Ep-1) ) 0.960 0.950
Grade adjustment factor?, T3 prgy (Exhibit 15-16 or Ex 15-17) 0.82 0.84
|Directional flow rate?, v{pc/h) viaVAPHFfyy orer” Ty prse) 306 343
Base percent time-spent-following?, BPTSFd(%)=10{)(1-ea"db) 34.7
Adj. for no-passing zone, fop.prar (Exhibit 15-21) 53.3
Percent time-spent-following, PTSF d(%)=BPTSF d+f np,PTSE *(vd prse’ Vaprse 0.6
Vo.p1sF)
Level of Service and Other Performance Measures
ilLevel of service, LOS (Exhibit 15-3) o]
Volume to capacity ratio, v 0.21
file:///C:/Users/dstoner/AppData/Local/Temp/s2k91C8.tmp 5/15/2012
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Capacily, Cd'mS (Equation 15-12) pc/h 1367
Capacily, Cd,PTSF {Equation 15-13) pcth 1428
Percent Fres-Flow Speed PFFS4(Equation 15-11 - Class fll only} 84.6
Bicycle Lavel of Service

Directionat demand flow rate in outside lane, vy, (Eq. 15-24) vehih 240.4
Effective width, Wv (Eq. 15-28) &t 13.00
Effective speed factor, S; (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5.30
Bicycle level of service {Exhibit 15-4) £
Notes

1. Note that the adjustment factor for level terrain Is 1.00,as level terrain is one of the base conditions. For the purpose of grade adjustment, specific
downgrade segments are treated as level lerrain,
2.1fv{vy or v} >=1,700 po/h, terminate analysis--the LOS is F.

3. For the analysis direction only and for v>200 veh/h.

4. For the analysis direction only

6. Exhibit 156-20 provides coefficients a and b for Equalion 15-10.

8. Use alternative Exhibil 16-14 if some trucks operale at crawl speeds on a specific downgrade.

Copyright © 2012 University of Fiorida, All Rights Reserved HCS 2010™  version 6.3 Generated: 515/2012 3:10 PM
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information
Analyst David Stoner Highway / Direction of Travel usz
Agency or Company DOWL HKM From/To Columbia  to Hungry H EB
Date Peformed 10/27/2011 Jurisdiction Flathead County
Analysis Time Period PM Peak Analysis Year 2011
Project Description:  US 2 - Badrock Canyon Corridor Planning Study
input Data
_____________ % Shoulderwidn __ _ Tt |
Lane width I F' Class | highway fv Class
— Lane width il . [~ .
3 Shoulder width il highway | Class Il highway
_________________ Terrain [ Level v Rotling
Segment fength, 1, n Grade Length  mi Up/down
Peak-hour factor, PHF (.68
. ~ Mo-passing zone 100%
Analysis direction vol., V4 207velvh Show HothArtosl of e and Buses | Pr 6%
Oppesing direction vol., V,, 343veh/h % Recreational vehicles, P 4%
Sheulder width ft 1.0 Access points mi 3fmi
fLane Widlh ft i2.0
Segment Length mi 24
Average Travel Speed
Analysis Direction {d) Cpposing Direction (o)
Passenger-car equivalents for trucks, E; (Exhibit 16-11 or 15-12} 22 20
Passenger-car equivalents for RVs, Eg (Exhibit 16-11 or 15-13) 11 1.1
Heavy-vehicle adjustment factor, f,, yyo=1/ (1+ P (Er-1)#Po{Eg-1)) 0.929 0.940
Grade adjustment factor!, fg,ATS (Exhibit 15-9) 0.78 0.89
Demand flow rate?, v {peih) via Vi [ (PHF* fyars* fvats) 325 466
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 61.0 mim
Adj. for lane and shoulder width, fg(Exhibit 15-7) 4.2 mih
Mean speed of sample®, S, . . o .
Total demand flow rate, both directions, v Ad). for access points®, f, (Exhibit 16-8) 0.8 min
Free-flow speed, FFS=S¢, +0.00776(W/ fyy o1s) Free-flow speed, FFS (FSS=BFFS- o-f,) 56.0 mim
. i ibit 15- i Average {ravel speed, ATS =FFS-0.00776 +
Ad]. for no-passing zones, f,,, urs (Exhibit 15-15) 27 min g p d (Vg aTS 472 min
Vo.ars! " fap.ats
Percent free flow speed, PFFS 84.3 %

Percemni Time-Spent-Following

Analysis Direction (d} Opposing Diraction {0}

IPassenger-car equivalents for trucks, E.(Exhibit 15-18 or 15-19) 1.7 1.6
lPassenger—car equivalents for RVs, E, (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjusiment facter, i, =1/ (1+ P{E -1+ PL(Eg-1)) 0.960 0.965

Grade adjustment factor, f&pTSF {Exhibit 15-16 or Ex 16-17} 0.82 0.89
Directional flow rate?, v{pcihy vieVI(PHE W orge” fg.PTSF) 299 454

Base percent time-spent-following®, BPTSFd(%)=100(1-ea"'db) 35.9

Ad]. for no-passing zone, fnP‘PTSF (Exhibit 15-21) 43.0

1Perceni time-spent-following, PTSFd(%)=BPTSFd+f oppTsF  Yaprse ! VapTset 52.0

Vo,pTSF)

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 15-3} B

Voluma o capacity ratio, vo 0.19
file:///C:/Users/dstoner/ AppData/Local/Temp/s2kC6FB.tmp 5/15/2012



Directional Page 2 of 2

Capacity, Cd,ATS {Equalion 15-12) pc/h 1494
Capacity, Cd.PTSF (Equation 15-13) pc/h 1544
Percenl Free-Flow Speed PFFS,(Equation 15-11 - Class 11l only) 84.3
Bicycle Lavel of Service
IDIrectional demand flow rale in outside lane, VoL (Eq. 15-24) veh/h 235.2
lEffeclive width, Wy {Eq. 15-26) i 13.00
!Eﬁective speed factor, S, (Eq.15-30) 4.79
Bicycle fevel of service score, BLOS (Eq. 15-31) 529
Bicycle lavel of service (Exhibit 15-4) E
Notes

1. Note that the adjustment factor for levet terrain is 1.00,as leve! terrain is one of the base conditions. For the purpose of grade adjustment, specific
downgrade segments are treated as level terrain.
2. lfw{vy or v} »=1,700 pe/h, terminate analysis-—-the LOS is F.

3. For the analysis direction only and for v>200 vehfh.

4, For the analysis direction only

5, Exhibit 16-20 provides coefficlenis a and b for Equation 15-10.

6. Use alternative Exhibit 15-14 if some trucks operale at crawl speads on a spedific downgrade.

Copyright @ 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3 Generated: 5152012 3:11 PM
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Isite Infarmation
Analyst David Stoner Highway / Direction of Travel us2
Agency or Company DOWL HKM From/To Columbia F to Hungry H W8
Date Performed 10/27/2011 Jurisdiclion Fiathead Counfy
Analysis Time Period PM Peak Analysis Year 2011
Project Descriplion:  US 2 - Badrock Canyon Carridor Planning Study
Input Data
“““““““““““““ $ Shoulderwiar it
Lane width i ™ class| highway V! Class 1l
i L Lane width ft . - [
_____________ § Shoulderwidth __  # | highway } - Class 1li highway
[ X Temain ™ tevet ¥ Roling
Segment length, t, mi Grade Length  mi Up/down
Peak-hour factor, PHF 0.91
. No-passing zone 100%

Analysis direction vol., V, 343vehih Show HorhAiow  of 7rycks and Buses Py 6%
Opposing direction vol., V 207veh/h % Recreational vehicles, Pg 4%
Shoulder width ft 1.0 Access points mf 3imi
Lane Width ft i2.0
Segment Length mi 2.4

Average Travel Speed

Mean speed of sampiea. Sy
Total demand flow rate, both directions, v
Free-flow speed, FFS=S8g,,+0.00776(v/ fvars)

Adj. for no-passing zones, fnp.ATS (Exhibit 15-15} 3.8 mih

Analysis Direclion (d) Opposing Direclion (o)
Passenger-car equivalents for trucks, £ (Exhibit 15-11 or 15-12) 2.0 2.2
|Passenger-car equivalents for RVs, Ep, {Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, v ars™V (14 PR(E-1)+P (Ep-1)) 0.940 0.929
Grade adjustment factor!, fy aTg (Exhibit 15-9) 0.88 0.77
Demand flow rate?, vi{peiy vi=v,/ (PHF* Toars ™ fyvars) 455 318
Froe-Flow Speed from Fisld Measurement Estimated Free-Flow Speed
Base free-flow speed?®, BFFS 63.0 mih

Adj. for lane and shoulder widih,* flS(Exhibit 15-7) 4.2 mih
Ad]. for access points?, f, (Exhibit 15-8) 0.8 mih
Free-flow speed, FFS (FSS=BFFS-fi 4-f,) 58.0 mih
Average travel speed, ATS =FFS-0.00776(v, +

9 P d Mamis Lo mim
Vo.ATS) - fﬂp.ATS
Percent free ftow speed, PFFS 832 %

Percent Time-Spent-Following

Analysis Direction (d} Opposing Direction (o)
Passenger-car equivalents for trucks, Ef(Exhibit 15-18 or 15-19) 1.6 1.7
Passenger-car equivalents for RVs, ER (Exhibit 15-18 or 15-18) 1.0 1.0
Heavy-vehicle adjustment factor, fi =1/ (1+ P{E-1)+Pg(Ex-1)) 0.965 0.960
Grade adjustment factor?, fg_PTSF (Exhibit 15-16 or Ex 15-17) 0.89 0.81
Directional flow rate?, vApC/) vi=VIPHF oy prae® fg'PTSF) 439 293
b

Base percent time-spent-following*, BPTSF ,(%)=100(1-e®d ) 44.2
Adj. for no-passing zone, fnP.PTSF (Exhibit 15-21) 44.3
Percent time-spent-following, PTSF (%)=BPTSF d+f opPTsE  Waprse [ Vaprse

' ’ ’ 70.8
Vo pTSE)
Level of Service and Other Performance Measures
Level of service, LOS {Exhibit 156-3) D
Voluma to capacity ratio, v/ 0.32
file:///C:/Users/dstoner/AppData/Local/Temp/s2kEFFE.tmp 5/15/2012
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Page 2 of 2

Capacity, Cd‘ a7 {(Equation 16-12) peih 4]
Capacity, Cy pygr (Equation 15-13) pe/h 1387
Percent Free-Flow Speed PFFS(Equation 15-11 - Class !l only) 83.2
Bicycle Level of Service

Directional demand flow rate in outside lane, Vo (Eq. 15-24) vehfn 376.9
Effective widlh, Wy (Eq. 15-29) R 13.00
|Eﬁ’eclive speed factor, S, (Fq. 16-30) 4.79
IBicycle level of service score, BLOS (Eq. 15-31) 553
IBicycle tevel of service (Exhibit 15-4) F

Notes

downgrade segments are ireated as level terrain.
2, If w{v, or v} >=1,700 pci, terminate analysis--the LOS is F.

3. For the analysis direction only and for v>200 veh/h,
4, For the analysis direction only
5, Exhibit 15-20 provides coefficients a and b for Equation 15-10.

6. Use alternative Exhibit 15-14 if some trucks operale at crawl speeds on a specific downgrade.

1. Note that the adjusiment factor for leve! terrain is 1.00,as level terrain is one of the base conditions. For the purpese of grade adjustment, specific

Copyright ® 2012 University of Florida, All Rights Reserved HC8 2010™  Version 6.3

file:///C:/Users/dstoner/AppData/Local/Temp/s2k EFFE.tmp

Generated: 5/15/2012 3:11 PM

5/15/2012



Corridor Planning Stud Improvement Options Report

Appendix 4

Operational
Analysis Worksheets

2035 Two-Lane Peak Season




Directional

Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information

Sife Information

Analyst David Stoner Highway / Direction of Travel usz

Agency or Company DOWL HKM From/To Columbia F to Hungry H EB
Date Performed 11/15/2011 Jurisdiction Flathead County

Analysis Time Period AM Peak Analysls Year 2035

Project Description:  US 2 - Badrock Canyon Corridor Planning Study

Input Data

_____________ ¥ Shoulderwidn T |
b Lane viidth d [ Class Ihighway 7 Class 1
— . Lane width ft i = .
+_Shoulder width ft highway | Class Hl highway
_____________ T T Terrain [ Levet ¥ Rolling
Segment length, mi Grade Length  ml Upfdown
4 ath 4y Peak-hour factor, PHF 0.93
. : No-passing zone 100%

Analysis direction vol,, V, 791vehih Shoer Hatth&irowt o, 1,05 and Buses , Pr 6%
Opposing direction vol., V, S02velvh % Recreational vehicles, Py 4%
Shoulder width ft 1.0 Access points mi Sfmi
Lane Width ft 12.0
Segment Length mi 2.4

Average Travel Speed

Analysis Direction {d) Opposing Direction (o)
|Passenger-car equivalents for trucks, E (Exhibit 15-11 or 15-12) 1.3 1.8
IPassenger—carequivalents for RVs, Ep, (Exhibit 15-11 or 15-13) 1.1 1.1
!Heavy-vehicle adjustment factor, v arg=V (1+ Pr{Es-13PR(Ep-1)) 0.978 0.951
Grade adjustment factor', f, sr (Exhibit 16-9) 1.00 096
Demand flow rate?, v {pah) v= Vi / (PHF* fgms *fivars? 870 591
Froe-Flow Speed from Flold Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 60.0 mim
Adj. for fane and shoulder width,? T, g{Exhibit 15-7} 4.2 mih
Mean speed of sample®, S, ] .y N ‘
Total demand flow rate, both directions, v Adj. for access paints®, £, (Exhibit 16-8) 0.8 mim
1Free-ﬂow speed, FFS=8;, +0.00776(w/ f, 1, a7s) Free-flow speed, FFS (FSS=BFFS-f o-f,) 55.0 mith
Adj. for no-passing zones, fﬂp.ATS {Exhibit 15-15) 1.9 mih Average travel speed, Jf\TSd=FFS-(}.007I"S(\,","ATS + 418 mim
Vo.aTs! ~ fhp.ATs
Percent frae flow speed, PFFS 75.9 %

Percent Time-Spent-Following

Analysis Direction (d} Opposing Direction {0)

Passenger-car equivalents for trucks, E(Exhibit 15-18 or 15-19) 1.0 1.2
Passenger-car equivatents for RVs, Ep, (Exhibit 15-18 or 15-19) 1.0 1.0
jHeavy-vehicle adjustment factor, f, =1/ {1+ PL{E{-T)+Pr(E-1)) 1.000 0.988

Grade adjustment factor, fg.PTSF {Exhibit 15-16 or Ex 15-17) 1.00 0.96
Directional flow rate?, v{pc/h) v|=ViI(PHF‘fHV‘PTSF‘ fg‘PTSF) 851 569

Base parcent time-spent-following®, BPTSFd(%)=100(1-ea"db) 68.6

Adj. for no-passing zone, fanPTSF {Exhibit 15-21) 26.4

Percent time-spent-following, PTSF d(%)=BPTSF d+f np,PTSF *(Vgprse Ivd prsF T oy

Vo,pTsF)

Level of Service and Other Performance Measures

Level of service, LOS {Exhibit 15-3) D

Volume to capacity ratio, vio 0.52
file:///C:/Users/dstoner/AppData/Local/Temp/s2kAD06,tmp 5/15/2012
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Capadity, Cy arg (Equation 15-12) pohh 0
Capadity, Cy prgp (Equation 16-13) pcsh 1629
jPercent Free-Flow Speed PFFS{Equalion 15-11 - Class I only) 75.9
Bicycle Level of Service

Directional demand flow rate in outside lane, VoL (Ed. 15-24) vehih 850.5
Effective width, Wv (Eq. 15-29) #t 13.00
Effective speed factor, §; (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 594
Bicycle level of service {(Exhibit 15-4) F

Notes

downgrade segments are treated as level terrain.
2. Ifvfv, or vo) >=1,700 pefh, terminate analysis--the LOS is F.

3. For the analysis direction only and for v»200 veh/m.

4. For the analysis direction only

5. Exhibit 15-20 provides coefficients a and b for Equalion 15-10.

8. Use allernalive Exhibit 15-14 if some trucks operate at crawl speeds on a specific downgrade.

1. Note that the adjustment factor for level terraln is 1.00,as leve terrain Is one of the base conditions. For the purpose of grade adjustment, specific
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Directional Page | of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Travel Usz

Agency or Company DOWL HKM FromfTe Columbia F to Hungry H WB

Date Performed 11/165/2011 Jurisdiction Flathead County

Analysis Time Period AM Peak Analysis Year 2035

Project Description:  US 2 - Badrock Canyon Corridor Planning Study

input Data

_____________ 3 Shouwderwidr qt |
-— [ Lane width it
——e= Lane widih it

_____________ +_Shoulderwidty |

Segment fength, L,

Analysis direction vol., Vy 502vehih
Opposing direction vol., V,, 791veh/h
Shoulder width # 1.0
fLane Width ft 12.0
Segment Length mi 2.4

I Class Inighway [V Class i
highway [ Cass 11l highway

Terrain I Level v Rolling
Grade Length mi Upidown
Peak-hour factor, PHF 0.87
. No-passing zone 100%
Show ot reewt o 1o ke and Buses Py 6%
% Recreational vehicles, Px 4%
Access points mi 3imi

Average Travel Speed

Analysis Direction {d) Opposing Direclion (o}
Passenger-car equivalents for frucks, Ey (Exhibit 15-11 or 15-12) 1.7 1.3
Passenger-car equivalents for RVs, E (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, fivars=1 (13 Pr(EL-1)+P, (Ep-1)) 0.956 0.978
Grade adjustment factor!, fg ars (Exhibit 15-8) 0.97 1.00
Demand flow rate?, vi{pci) vi=V,/ (PHE” fg. ats 'Hv. ATS) 622 930
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed
Base free-flow speed®, BFFS 600 mih
3 Ad]. for lane and shoulder width,* f g{Exhibit 15-7) 4.2 mih
Mean speed of sample”, Srpm i . . ]
Tolal demand flow rate, both directions, v Adj. for access points®, f, (Exhibit 15-8) 08 mim
Free-flow speed, FFS=S, +0.00776(v/ fHV' ATs) Free-flow speed, FFS {FSS=BFFS-f o-f,) 55.0 min
i - i it 15- i Average travel speed, ATS =FFS-0.00776(v +

Adj. for no-passing zones, [np,ATS {Exhlbit 15-15} 1.2 mih It} p d (V4 aTs 41.8 mimh

Voars! " fap.aTs

Percent free flow speed, PFFS 759 %

Percent Time-Sp ent—FoI!owing

Analysis Direction {d) Opposing Direction (o)
kPassenger—car equivalents for trucks, E(Exhibit 15-18 or 15-19) 1.2 1.0
Passenger-car equivalenis for RVs, Eg {(Exhibit 16-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, =1/ (1+ Py{E - 1)+PL(E-1}) 0.988 1.000
Grade adjusiment factor!, f, pygr (Exhibit 15-16 or Ex 16-17) 0.97 1.00
Directional flow rate?, v{pci} VEVHPHFf y prge” fg_PTSF) 602 909
Base percent time-spent-following?, BPTSF (%)=100(1 -ea"'db) 61.7
Adj. for no-passing zone, fnp'PTSF {Exhibit 15-21} 24.9
Percent time-spent-following, PTSF d(%)=13PTSF C'+f no.p1sE Maprar f Vaprse * 16
Vo,pTSE)
Level of Service and Other Perfarmance Measures
Leve! of service, LOS (Exhibit 15-3) D
Vaolume fo capacity ratio, v/o (.35
file:///C:/Users/dstoner/AppData/Local/Temp/s2kB5B.tmp 5/15/2012
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Capacily, G 515 (Equalion 15-12) pesh 1663
Capacity, Cd.PTSF (Equation 15-13} pc/h 1700
Percent Free-Flow Speed PFFS (Equation 15-11 - Class [l anly) 75.9
Bicycle Level of Service

Directional demand fiow rate in outside lane, Vo (EQ. 15-24) vehih &77.0
Effeclive width, Wv (Eq. 15-20) ft 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 574
|Bicycle level of service {Exhibit 15-4) F
Notes

1. Note that the adjustment factor for level lerrain is 1.00,as level terrain is one of the base conditions. For the purpose of grade adjustment, specific
downgrade segments are {reated as level terrain.

2. 1Fvilvy or v} >=1,700 peih, terminate analysis—-the LOS s F.

3. For the analysis direclion only and for v>200 veh/h.

4. For the analysis direclion only

5. Exhibit 156-20 provides coefficlents a and b for Equation 15-10.

B. Use allemnative Exhibit 15-14 if some trucks operate at crawl speeds on a specific downgrade.
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Stte Information
Analyst David Stoner Highway / Direction of Travel Usz2
Agency or Company DOWL HKM From/To Columbia F to Hungry H EB
Date Performed 11/15/2011 Jurisdiclion Flathead County
Analysis Time Period Median Off-Peak Analysis Year 2035
Project Description:  US 2 - Badrock Canyon Conidor Planning Study
Input Data
_____________ Y Shoulderwidh gt
Lane width I I Class ) highway " Class 1l
— | Lane width it hiat o .
_____________ Y ,"_S_llolﬂciar_\'\'i_c_ﬂh_ __mil a gnway ' fass il hlghway
f \ Teirain I tevet ¥ Roling
Segment fength, L, mi i Grade Length ~ mi _ Up/down
9 90 h Peak-hour factor, PHF 0.91
- ~ MNo-passing zone 100%

Analysis direction vl., V 704venm Shar Mot A1ew ;. yrycks and Buses | Py 6%
Cpposing direction vol., V, 814veh/h % Recreational vehicles, P, 4%
Shoulder width ft 1.0 Access poinls mf 3imi
Lane Width ft 12.0
Segment Length mi 24

Average Travel Speed

Analysis Direclion (d) Opposing Direction {0}
iPassenger-car equivalents for trucks, £ (Exhibit 16-11 or 15-12) 1.5 1.6
Passenger-car equivalents for RVs, Eg {Exhibit 156-11 or 15-13) 1.1 1.1
Heavy-vehicle adfustment faclor, f,, \7g=1/ (1% P (E; 1P (E5 1)) 0.967 0.962
Grade adjustment factor?, fg.ATS {Exhibit 15-9) 0.99 0.98
Demand flow rate?, v, (peh) vV, / (PHF* £ xrs* fiy ars) 808 716
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Base free-flow speed®, BFFS 61.0 mim

Adj. for tane and shoulder widn,? fig(Exhibit16.7) 4.2 mim
Mean speed of sample®, S, . iy N .
Total demand flow rate, both directions, v Ad). for access points™, fa (Exhibit 15-8) 0.8 mith
Free-flow speed, FFS=Sg,+0.00776(v/ fiy a7 ) [Free-flow speed, FFS (FSS8=BFFS- o-f,) §6.0 mif

i " i ibit 15- i Average travel speed, ATS ;=FFS-0.00776(v, +

Ad]. for no-passing zones, fnp.ATS (Exhibit 15-15) 1.6 mih g D d (Vg.a1s 426 mim

Voats) ~ fup ATS

Percent free flow speed, PFFS 76.0 %

Parcent Time-Spent-Following

Analysis Direction (d) QOpposing Direction (o)

[Passenger-car equivalents for trucks, E(Exhibit 15-18 or 15-19) 1.0 1.0
Passenger-car equivalents for RVs, E; (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, fip~1/ (14 P{E1 HPR(ER-1)) 1.000 1.000

Grade adjustment faclor’_,f&PTSF {Exhibit 15-16 or Ex 15-17}) 1.00 .99
lDlrectional flow rate?, vipe/h) vi=V{J(PHF iy prse” fg.PTSF) 774 662
IBase percent time-spent-following®, BPTSFd(%)=100(1-ea"db) 67.4

Ad]. for no-passing zone, fnn'PTSF {Exhibit 15-21} 27.2

Percent time-spent-foltowing, PTSF d(%)=BPTSF d+! 19,PTSE *(Vd, PTSF Ivd,PTSF + g1.9

Vo PTSF)

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 15-3) D

Volume to capacity ratio, vt 0.46
file:///C:/Users/dstoner/ AppData/Local/Temp/s2k41D5.tmp S/15/2012



Directional
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Capacity, Cd'ATS {Equation 16-12) pci 0
Capacily, Cd.F’TSF (Equation 15-13) pc/h 1683
JPercent Frea-Flow Speed PFFS{Equation 15-11 - Class [H only) 76.0
Bicycle Level of Service

Directional demand flow rate in cuiside lane, Voo (Eq. 15-24) veh/h 773.6
Effective width, Wv (Eq. 15-29) ft 13.00
Effective speed factor, 8, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5.89
Bicycle level of service (Exhibi 5-4) F

Notes

downgrade segments are treated as leve! terrain.
2. vifv, or v) >=1,700 peh, terminale analysis--the LOS is F.

3. For the analysis direction enly and for v>200 veh/h.
4. For the analysis direction only
6. Exhibit 15-20 provides coefficlents a and b for Equation 15-10.

6. Use alternative Exhibit 15-14 if some trucks operate at crawl speeds on a specific downgrade.

1. Note that the adjustment factor for leve! terrain is 1.00,as level terrain is one of the base conditions. For the purpose of grade adjustment, specific
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Infarmation
Analyst David Stoner Highway / Direction of Travel us2
Agency or Company DOWL HKM FromfTo Columbia F to Hungry H W8
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysls Time Period Median Off-Peak Analysls Year 2035

|Project Dascription:  US 2 - Badrock Canyon Corriddor Planning Study

Shovi Hosth Arrow

I Class | highway I Class i
highway I Class Il highway

Terain I™ Level ¥ Roliing
Grade Length  mi Upfdown
Peaak-hour factor, PHF 0.89
No-passing zone 100%
% Trucks and Buses , Pr 6%

% Recreational vehicles, Pp, 4%
Access points mi 3imi

Input Data
_____________ ! TSTtnilcEEr-;\'f&llT T
-— [ Lane widlh it
- Lane width i
_____________ 3 _Shoulderwidth |
Segment lengtiy, L, mi i
Analysis direction vol., V, &14vehth
Opposing direction vol., V,, 704vehin
Shoulder width ft 1.0
Lane Width ft 12.0
Segment Lenglh mi 2.4

Average Travel Speed

Analysis Direction {d) Opposing Direction {o)
IPassenger-car equivalents for tricks, Eq (Exhibit 15-11 or 15-12) 1.6 1.4
‘Passenger—car equivalents for RVs, E (Exhibit 16-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment faclor, fiy, o7s=1/ (1+ P (E-1)+Pg {E5-1)) 0.962 0.973
Grade adjusiment factor’, fg.ATS {Exhibit 15-9) 0.98 0.99
Demand flow rate?, v;{pe/h) vi= Vi (PHF® fg. ats fvars) 732 821
Free-Flow Speed from Fleld Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 61.0 mih
3 Ad. for lane and shoulder width,* f g(Exhibit 15-7) 4.2 mih
Mean speed of sample®, Sy, ) s o .
Total demand flow rate, both directions, v Adj. for access paints”, f (Exhibit 15-8) 0.8 mim
Free-flow speed, FFS=S, +0.00776(v/ fHV,M_S) Free-flow speed, FFS {FSS=BFFS-f o-f,} £6.0 mih
Ad]. for no-passing zones, f,, 7 (Extibit 15-15) 1.4 mimh Average travel speed, ATS =FFS-0.00776(vy 4rg + 426 mim
Vo.aTs? ~ frp.ats
Percent free flow speed, PFFS 76.1 %

Percent Time-Spent-Following

Analysis Directlion (d) Opposing Direction (o)
Passenger-car equivalents for trucks, Eq{Exhibit 16-18 or 15-19) 1.0 1.0
Passenger-car equivalents for RVs, E, (Exhibit 15-18 or 15-19} 1.0 1.0
Heavy-vehicle adjustment factor, f, =1/ (1# Po{Er-1HPL{E-1}) 1.000 1.000
Grade adjustment factor!, rq.PTSF (Exhibit 15-16 or EX 15-17) 0.89 1.00
1Dlreclionai flow ralez, vipcth) ngJ(PHF‘fHV.PTSF‘ f& o 697 791
!Base percent time-spent-following®, BPTSFd(%)=100(1-e""’db) 64.7
Ad]. for no-passing zone, fnp‘pTSF {Exhibit 15-21) 26.7
Percent time-spent-following, PTSFd(%)=BPTSFd+f np.PTSE g lvd,pTSF + _
Vo PTSF)
Level of Service and Other Performance Measures
Level of service, L.OS (Exhibit 15-3) D
Volume to capacily ratlo, v .41
file:///C:/Users/dstonet/AppData/Local/Temp/s2k69A0.tmp 5/15/2012
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Capacity, Gy ars (Equation 15-12) peh 1638
Capadity, C pygp (Equation 15-13) pen 1700
Percent Free-Flow Speed PFFS {Equation 15-11 - Class Il only) 76.1
Bieyele Level of Service

lDirectionaI demand flow rate in outside lane, Vg (Eq. 15-24) vah/h 689.9
|Estective width, Wy (Eq. 15-29) ft 13.00
Effective speed faclor, 8, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5,83
Blcycle levef of service (Exhibit 15-4) F
Notes

1. Note that the ad]ustment factor for levet terraln is 1.00,as lave! terrain Is one of the base conditions. For the purpese of grade adjustment, specific
downgrade segments are leeated as level terrain,

2. 1fvifvy or v} >=1,700 pehh, terminate analysis--the LOS is F,

3. For the analysis direction only and for v>200 vehth,

4. For the analysis direction only

5. Exhibit 15-20 provides coefficienis a and b for Equation 15-10.

6. Use alternative Exhibit 15-14 if some trucks operate at craw! speeds on a specific downgrade.
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Trave! usz

Agency or Company DOWL HKM From/To Columbia F to Hungry H EB

Date Performed 11/15/2011 Jurisdiction Flathead County

Analysis Time Period PM Peak Analysis Year 2035

Project Description:  US 2 - Badrock Canyon Comidor Planning Study

Input Data

Shoulder widih

[ Lane width

Lane width

L Shoulder width

Segment length, L, mi
Analysis direction vol., V, 5H86vehin
Opposing direction vol., V, 981veh/h
Shoulder width ft 1.0
Lane Width ft 12.0
Segment Length mi 2.4

l“ Class | highway

Terrain
Grade Length mi
Peak-hour factor, PHF
No-passing zone

Shovi North Arraw

Accass points mi

% Trucks and Buses , P

% Recreational vehicles, Pr

I Class i

highway ™ Classm highway

I“ Level

¥ Rolling

Upfdown

0.89
100%

6%
4%

Jfmi

Average Travel Speed

Analysis Direction {d) QOpposing Direction {0)
Passenger-car equivalents for trucks, £ (Exhibit 15-11 or 15-12) 1.6 1.3
|Passenger—car equivalents for RVs, Ep (Exhibit 15-11 or 15-13) 1.1 1.1
'Heavy-vehicle adjustment faclor, fip, 51=1/ {1+ Pr(E;-1)+Pg (E-1)) 0.962 0.978
Grade adjusiment factar’, fg.ATS (Exhibit 15-9) 0.98 1.00
Demand flow rate?, v;{pe/h) vi= Vi (PHF* fg,ATS *fvare) 698 1127
Free-Flow Speed from Fleld Measurement Estimated Free-Flow Speed
Base free-flow speed*, BFFS 62.0 mih
3 Adj. for lane and shoulder width,? 1| g(Exhibit 15-7) 4.2 mih
Mean speed of sample”, S, - . .
Total demand flow rate, both directions, v Adj. for access points, , (Exhibit 15-8) 0.8 mim
Free-flow speed, FFS=S.,,+0.00776(v/ fHV.ATS) Free-flow speed, FFS (FSS=BFFS-f o-f,) 67.0 mih
i . i ibit 15- 1 mi Average travel speed, ATS =FFS-0.00776(v, +

Adj. for no-passing zones, fnp,ATS {Exhibit 15-15) 1.1 mih g P 4 ( 4.ATS 41.8 mib

Voats) " fip ATs

Percent iree flow speed, PFFS 733 %

Percent Time-Spent-Following

Analysis Direction (d) Opposing Direclion (o)
Passenger-car equivalents for lrucks, Eq{Exhibit 15-18 or 15.19) 1.0 1.0
Passenger-car equivalents for RVs, E (Exhibit 15-18 or 16-19) 1.0 1.0
Heavy-vehicle adjustment factor, f,, =1/ {1+ Pr(Eq-1)#P{Ep-1)) 1.000 1.000
Grade adjusiment factor’, fo.pror (Exhibit 15-16 or Ex 16-17) 0.98 1.00
Directional flow rate?, v{pe/h) visVil(PHF*fpy prer® fapse) 672 1102
Base percent lime-spent-following®, BPTSFd(%)=100(1-ea"'db) 67.8
Adj. for no-passing zone, 'np.PTSF {Exhibit 15-21) 20.1
Percent time-spent-following, PTSF d(%)=BPTSF 4 ap.prse ‘Waprsr fVaprse * 254
Vo,pTSE)
Level of Service and Qther Performance Measures
Level of service, LOS {Exhibit 156-3) D
Volume to capacity ratio, we 0.40
file:///C:/Users/dstoner/AppData/Local/Temp/s2k911D.tmp 5/15/2012
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Capacily, Gy 51 (Equation 15-12) pcth 1663
Capacity, Cy pyg;: {Equation 15-13) poin 1700
Percent Free-Flow Speed PFFS {Equation 15-11 - Class 11l only) 733
Bicycle Level of Service
Directional demand ftow rate in outside lane, Vg, (Eq. 15-24) vehth 658.4
Effeclive width, Wv (Eq. 15-29) ft 13.00
Effective speed factor, S; (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5.81
|Bicycle level of service (Exhibit 15-4) F
Nofes
1. Nole that the adjustment factor for level terrain is 1.00,as level terrain is one of the base conditions, For the purpose of grade adjustment, specific
downgrade segments are {realed as jevel ferrain,
2. 1Fwfv,y or v} >=1,700 pch, terminate analysis--the LOS Is F.
3. For the analysis direction only and for v>200 veh/h.
4. For the analysis direction only
5. Exhibit 15-20 provides coefficients a and b for Equation 15-10,
6. Use alternalive Exhibit 15-14 if some frucks operate at crawl speeds on a spacific downgrade.
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Directional Page | of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Travel usz

Agency or Company DOWL HKM From/To Columbia F to Hungry H W8

Date Performed 11/16/2011 Jurisdiclion Flathead Counly

Analysis Time Period PM Peak Analysis Year 2035

|Project Description:  US 2 - Badrock Canyon Corridor Planning Study

Input Data

""""""""""""" ¥ Shoulderwidth W |
~ Lane width I I™ Class highway ¥ Class i
i | Lane width It hi r- i
_____________ E LSllo_ulcErj\'iiitEL [ | ghway Class lll highway
Terrain f“" Levet 3 Rolling
Seament lepath, mi Cradetenglh mi  Up/down
Y g by Peak-hour factor, PHF 0.91
: No-passing zone 100%
Analysis direction vol., Vy 981veh/h Show Horth Arvow % Trucks and Buses , Py 8%
Opposing direction vol., V, 686vehih % Recreational vehicles, P, 4%
Shoulder width ft 1.0 Access points mi Simi
Lane Width L 12.0
Segment Length mi 2.4

Average Travel Speed

Analysis Direction (d) Opposing Direclion {0}
Passenger-car equivalents for trucks, E4 (Exhibit 15-11 or 15-12) 1.3 1.7
Passenger-car equivalents for RVs, E, (Exhibit 15-11 or 16-13) 1.1 1.1
Heavy-vehicle adjustment factor, f i, o= 1/ {1+ Pr{E;-1}#PR (Eg-T}) 0.978 0.956
Grade adjustment facior!, fg atg {Exhibit 16-9) 1.00 0.97
Demand flow raiez, v {pcih} v=Vi/ (PHF* fg. ATS va‘ ATS) 1102 694
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Base free-flow speed?, BFFS 60.0 mim

Ad]. for fane and shoulder width, fig{Exhibit 15.7) 4.2 mih
|Mean speed of sample®, S, , 4 o ;
Total demand fiow rate, bolh directions, v Adj. for access points™, f, (Exhibit 15-8) 0.8 mim
Free-flow speed, FFS=5,,+0.00776(v/ fvats) Free-flow speed, FFS (FSS=BFFS{ o)) £5.0 mih
Adj. for no-passing zones, 75 (Exhibit 15-15) 1.7 mir  [Average lravel speed, ATS=FFS-000776(vy prs + 0,

Vo,ATS) - fnp.ATS

Percent free flow speed, PFFS 71.7 %

Percent Time-Spent-Following

Analysis Direction {d) Opposing Direction (o)

IPassenger-car equivalents for trucks, E(Exhibit 15-18 or 15-19) 1.0 1.0
!Passenger—oar equivalents for RVs, E, (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, fin=1 (1% PrEF1)+PR{ER-1) ) 1.000 1.000
Grade adjustment factor!, fg‘P'FSF (Exhibit 15-16 or Ex 15-17) 1.00 0.98
Directional flow rate?, v{pe/h) v=Vi/(PHF HV.PTSF* !&PTSF) 1078 657

. L4 0F Y— av B
Base percent ime-spent-following®, BPTSF 1{%)=100({1-6%d } 76.5
Ad}. for no-passing zone, fnp_pTSF (Exhibit 15-21) 20.7
[Percent lime-spent-following, PTSF S By=BPTSE d+f nppTsE  (Yaprse / Vaprer st
Yo,p15F)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) E
Volume {o capacity ratio, vic 0.65
file:///C:/Users/dstoner/AppData/Local/Temp/s2kBE54.tmp 5/15/2012
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Capacily, Cy arg (Equation 15-12) pcih 0
Capacity, Cd.PTSF {Equation 15-13) pcth 1666

|Percent Free-Flow Speed PFFS (Equation 15-11 - Class B only) 1.7
Bicycle Level of Service

[Directionat demand flow rate in oculside lane, Vo (Eq. 15-24) vehth 1078.0
Effective widlh, Wv (Eq. 15-20) ft 13.00
Effective speed factor, 5, {Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 6.06
Bicycle level of service {Exhibit 15-4) F
Nofes

1. Note that the adjusiment factor for level terrain is 1.00,as level terrain is one of the base conditions. For the purpose of grade adjustment, specific
downgrade segments are treated as level ierrain.
2. Hvlv, or v} >=1,700 po/h, terminate analysis--the LOS is F.

3. For the analysis direction onfy and for v>200 veh/h.

4. For the analysis direction only

5. Exhibil 15-20 provides coefficients a and b for Equation 15-10,

6. Use alternalive Exhiblit 15-14 If some lrucks operate at crawl speeds on a specific downgrade.

Copyright © 2012 Universily of Florida, All Rights Reserved HCS 2010™  version 6.3 Generated: 5/16/2012 3:21 PM
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DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Traval usz

Agency or Company DOWL HKM FromfTo Columbia F fo Hungry H EB
Dale Performed 11/15/2011 Jurisdiction Flathead County

Analysis Time Period AM Peak Analysis Year 2035

iijecl Descriplion:  US 2 - Badrock Canyon Corridor Planning Study

Input Data

_____________ 1 Shoulder width It
-— Lane width it
g | Lane width e bt

_____________ v_Shoulderwidh ______ # |

Segment length, L,

Analysis direction vol., V, 398vehih
Opposing direction vol., V, 250veh/h
Shoulder width ft 1.0
|Lane Width & 12.0
Segment Length mi 24

I™ Class I highway ¥ Classil
highway fm Class Il highway

Terrain F" Level I Rolling
Grade Length  mi Upfdown
Peak-hour factor, PHF 0.93
. _ No-passing zone 100%
Show HoshAttedt o 1,005 and Buses , Py 6%
% Recreational vehicles, Py 4%
Accass polnts mi 3imi

Average Travel Speed

Analysis Direction {d}) Opposing Direction (o}
Passenger-car equivalents for trucks, E; (Exhibit 15-11 or 15-12) 1.9 2.2
Passenger-car equivalents for RVs, E, {Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, fiy, 4rs=1/ (1+ P (EL-1)+Po{E5-1)) 0.945 0.929
Grade adjustment factor!, Fg aTs (Exhibit 15-9) 0.91 0.81
Demand flow rate?, vi{pc/h) v=V,/ (PHF* fg. ATS fHV' Ars) 498 357
Free-Fiow Speed from Flefd Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 80.0 mim
3 Adj. for lane and shoulder width,* fi (Exhibit 16-7) 4.2 mih

Mean speed of sample”, Sg,, ) o o )
Totat demand flow rate, both directions, v Adj. for access points™, fa (Exhibit 15-8) 0.8 mim
Free-flow speed, FFS=S;,+0.00776(v/ fy o15 ) Free-flow speed, FFS (FSS=BFFS- of,) §5.0 mim
Adj. for no-passing zones, fnp,ATS (Exhibit 16-15) 3.1 mim Average travel speed, ATS=FFS-0.00776{vy 5yg + 453 mim

Vo,ATS) - fr||::..t\TS

Percent free flow speed, PFFS 82.3 %

Percent Time-Spenl-Following

Analysis Direction {d) Opposing Direction (o)
IPassenger-car equivalents for trucks, E{Exhibit 15-18 or 15-19) 1.4 1.7
lPassenger—car equivalents for RVs, Ep, {Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, f,,=1/ (1+ P{E-1)+Pg(Ep-1)) 0.977 0.960
Grade adjustment factorT, T, prsp (Exhibit 15-16 or Ex 15-17) 0.92 .83
Directional flow rate?, vilpein} visVHPHFf o brgr” fg.PTSF) 476 337
b

Base percent time-spent-following®, BPTSF,(%)=100(1-6%% ) 46.3
Adj. for no-passing zone, fnp.PTSF {Exhibit 15-21} 40.2
{Percent time-spent-following, PTSF d(%)=BPTSF d+f 18.PTSF “Wyprse f Vapree

! ’ ’ 6.8
Vo PTSF)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) &
Volume to capacity ratio, v .33
file:///C:/Users/dstoner/AppData/Local/Temp/s2kF8C5.tmp 5/15/2012
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Capacity, Cd.ATS {Equation 15-12) pah 0
Capacily, G prgr {(Equalion 15-13) pch 1428
Percent Free-Flow Speed PFFS (Equation 15-11 - Class Il anly) 82.3
Bicycle Level of Service

|Directional demand flow rate in outside lane, Vg (EQ. 15-24) vehfh 428.0
Effective width, Wv (Eq. 15-29) ft 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq, 15-31) 5.59
Bicycle fevel of service (Exhibit 15-4) F
Nofes

1. Note that the adjustment factor for levet terrain is 1.00,as levet terrain Is one of the base conditions. For the purpose of grade adjusiment, specific
downgrade segments are treated as lavel terrain.

2. [t w{vy or v} >=1,700 po/h, terminate analysis--the LOS is F.

3. For the analysis direclion only and for v>200 veh/h.

4. For the analysis direction only

5. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

8. Use alfernative Exhibit 16-14 if some trucks operate at crawl speeds on a specific downgrade,

Copyright ® 2012 University of Florida, All Righis Reserved HCS 2016™  Version 6.3 Generated: 5/15/2012 3:23 PM
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DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Sfoner Highway / Direction of Travel usz

Agency or Company DOWL HKM From/To Columbia F fo Hungry H WB
Date Performed 11/16/2011 Jurisdiction Flathead Counly

Analysis Time Period AM Peak Analysis Year 2035

|Project Description:  US 2 - Badrock Canyon Corridor Planning Study

Analysis direction vol., V 250veh/n
Opposing direction vol,, V, 398veh/h
Shoulder width ft 1.0

Lane Widlh ft 12.0
Segment Length mi 2.4

Input Data
_____________ Y Shoulderwidh |
- Lane width It
—~ L Lane width It
_____________ v Shoulderwidth R |
Segment langth, L, mi

[T cClass 1nighway V' Class 1l
highway | Class Hll highway

f \ Temain [ Level ¥ Roling
Grade Length  mi Up/down
Peak-hour factor, PHF 0.87
: MNo-passing zone 100%
Show Norl Armow - o 1 oks and Buses | Py 6%

% Recrealional vehicles, Py 4%
Access points mi 3fmi

Average Travel Speed

Analysis Direction (d} Opposing Direction {o)
ﬁPassenger—car equivalents for trucks, £, {Exhibit 15-11 or 15-12) 2.1 1.9
Passenger-car equivalenis for Rvs, Eg (Exhibit 16-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, fi, apa=1/ (1% PL{E-1HP(E5-1)) 0.935 0.945
Grade adjustment factor®, fg.ATs {Exhibit 15-8) 0.82 0.93
Demand flow rate?, vi{pch) v=V, f (PHE* 'g,ATs * fHV,ATS) 375 521
Free-Flow Speed from Fleld Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 60.0 mim
Adj. for lane and shoulder widtih,* fi o(Exhibit 16-7) 4.2 mith
Mean spaad of sample®, Sepm ) -y . )
Total demand flow rate, both directions, v Ad]. for access points®, fa (Exhibit 15-8) 0.8 mim
JFree-flow speed, FFS=Sg,+0.00776(v/ .y are ) |Free-flow speed, FFS (FSS=BFFS ¢-,) 85.0 mimh
Adj. for no-passing zones, fnpNS {Exhibit 15-16) 2.3 mih Average travel speed, ATS =FFS-0.00776(v, Ats * 458 mim
Voats? - fop.ats
Percent free flow speed, PFFS 833 %

Percent Time-Spent-Following

Analysis Direction {d} Opposing Direction {0}
Passenger-car equivalents for trucks, E(Exhibit 15-18 or 15-19} 1.7 14
Passenger-car equivalents for RVs, E, (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, fi,~1/ (1+ Pp(E-T)+PR{Ep-1}) 0.9560 0977
Grade adjustment factor?, fg_PTSF (Exhibit 16-18 or Ex 15-17) 0.84 0.93
Directional flow rate?, vipe/h) v=VAPHF*, ) proe® f& PrsE) 356 504
Base parcant ime-spent-foliowing?, BPTSF {%)=1 00(1-eavdb) 41.6
Adj. for no-passing zone, fnP.PTSF {Exhibit 15-21} 39.1
Percent time-spent-following, PTSF (%)=BPTSF +f | orar “(Vyprsr / Vaprsp * 578
Vo PTSF)
Level of Service and Other Performance Measures
[.evel of service, LOS (Exhibit 15-3) C
Volume o capacity ratio, we 0.22
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Capacity, G4 a1 (Equation 15-12} pc/h 1536
Capacity, Cy prgy (Equation 15-13) porh 1613
jPercent Free-Flow Speed PFFS (Equation 15-11 - Class 1l only) 83.3
Bicyele Leve! of Service

Directionat demand flow rate in outside lane, vy, (Eq. 15-24) veh/h 287.4
Effactive width, Wy (Eq. 15-29) ft 13.00
Effective speed factor, S, {Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5.39
Bicycle level of service (Exhibit 15-4) E

Notes

downgrade segments are freated as leve! terrain,
2. lf wifvy or v) >=1,700 pc/h, lerminale analysis--the LOS Is F,

3. For the analysis direction only and for v>200 veh/h.
4. For the analysis direction only
5. Exhibit 15-20 provides coefficients a and b for Equation 15-10,

6. Use alternalive Exhibit 15-14 if some trucks operate at crawi speeds on a specific downgrade.

1. Note that the adjustment factor for level terrain is 1.00,as level tarraln is one of the base condilons. For the purpose of grade adjusiment, specific

Copyright © 2012 University of Florida, All Righls Reserved HCS 2010™  Version 6.3
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DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information
Analyst David Stoner Highway / Directlion of Travel us2
Agency or Company DOWL HKM From/To Columbia F to Hungry H EB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period Median Off-Paak Analysis Year 2035
Project Description:  US 2 - Badrock Canyon Cormidor Planning Study
input Data
_____________ ¥ Shoulderwiqgir — — T |
Lane vidih e {7 Classihighway [V Classi
ror—ae Lane width it hiah I™ class M hi
_____________ v Shoulderwidh 1 | ghway | : Class Il highway
Termrain l“ Leve! v Rolling
Segment fengtl, L, mi GradeLength ~ mi  Up/down
Peak-hour factor, PHF 0.91
- No-passing zone 100%
Analysis direction vol., V, 351vehih Showi Horth Astowt o0 1cnes and Buses , Pr 6 %
Opposing direction vol., V, 306vehih % Recrealional vehicles, P, 4%
Shoulder width ft 1.0 Access points mi 3/mi
Lane Widlh # 12.0
Segment Length mi 24
Average Travel Speed
Analysis Direclion (d) Opposing Direclion (o)
Passenger-car equivalents for trucks, E; (Exhibit 15-11 or 15-12) 2.0 2.1
|Passenger~car equivalents for RVs, E (Exhibit 15-11 or 15-13) 1.1 i1
IHeavy-vehicle adjustment factor, fw ars=1/ (14 Po(EL-1)#Po(EL-1)) 0.940 0.935
Grade adjustment factor’, fg atg (Exhibit 15-9) 0.89 0.86
Demand flow ratez, v;{pcih) vV f (PHF* fg.ms * va,ATs) 461 418
Free-Flow Speed from Fleld Measurement Estimated Free-Flow Spoad
Base free-flow speed®, BFFS 61.0 mih
Adj. for lane and shoulder width 4 fLg(Exhiblt 157y 4.2 mih
Mean speed of sample®, Sg,, . o .
Total demand flow rate, both directions, v Ad]. for access points®, f, (Exhibit 16-8) 0.8 mimh
JFree-flow speed, FFS=8, +0.00776(w/ {5 a7q) Free-flow speed, FFS (F8S=BFFS-f o) 56.0 mim
. i ibit 15- ; Average travel d, ATS =FFS-0. +
Ad]. for no-passing zones, £, »r (Exhibit 15-15) 2.9 mim erage lravel spee d 0.00776(vy s 46.3 mih
Vo,ATS) b fﬂpJ\TS
Percent free flow speed, PFFS 826 %
Percent Time-Spent-Following
Analysis Direction (d} Opposing Direction (o}
Passenger-car equivalents for trucks, E(Exhibit 15-18 or 156-19) 1.6 1.6
Passenger-car equivalents for RVs, £y (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, f,;,=1/ {1+ Py(E;-1+PR(E-1) ) 0.965 0.965
Grade adjustment faclor’, fg_PTSF {Exhibit 15-16 or Ex 15-17) 0.89 0.87
Directional flow rate?, v{pc/h) vi=Vi!(PHF*fHV'PTSF* fg.PTSF) 449 400
. .4 o av P 6.
Base percent ime-spent-following®, BPTSF ((%)=100(1-*¥d ) 46.1
Ad]. for no-passing zone, fnp,PTSF (Exhibit 15-21} 43.4
[Percent time-speni-following, PTSFd(%)=BF‘TSFd+l“P.PTSF ‘(Vo’,PTSF ! Vgprse t 6.1
Vo pTsF)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) C
Volume to capacily ratio, vic 0.30
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Capacily, Cy 5rg (Equation 15-12) pcin )
Capacity, Gy prgr (Equation 15-13) po/h 1477
Percent Free-Flow Speed PFFS(Equation 15-11 - Class il only} 82.6
Bleyele Level of Service
]Directional demand flow rate in outside lane, Vg, (Eq. 15-24) vehih 3857
{Effective width, Wy (Eq. 15-20) R 12.00
Effective speed factor, 8, (Eq. 16-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5584
Bicycle level of service (Exhibit 15-4) F

Notes

downgrade segments are treated as level terrain.

2. 1fv|(vd or vo) >=1,700 pc/h, terminate analysis--the LOS Is F,
3. For the analysis direction only and for v>200 veh/h.

4. For the analysis direction only

5. Exhibit 15-20 provides coefficients a and b for Equalion 15-10.

6. Use alternative Exhibit 15-14 if some trucks operate at crawl speeds on a specific downgrade.

1. Note that the adjustment factor for level terrain is 1.00,as level terrain is one of the base conditions. For the purpose of grade adjusiment, specific

Copyright ® 2012 University of Florida, All Rights Reserved HCS 2010™ version 6.3
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DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Informaiion
Analyst David Stoner Highway / Direclion of Travel us2
Agency or Company DOWL HKM From/To Columbia F to Hungry H WB
iDate Performed 11/16/2011 Jurisdiction Flathead Counly
Analysis Time Period Median Off-Peak Analysis Year 2035
Project Description:  US 2 - Badrock Canyon Conidor Planning Study
input Data
_____________ 3 Shoulderwidh it |
Lane widih I [ Class| highway V! Class i
— . Lane width i hiah "
_____________ y_Shoulderwidth __ H | ighway Class ill highway
/f \ Terrain [ tevet ¥ Roling
Segment length, L, mi Grade Length ~ mi Up/down
- Peak-hour factor, PHF 0.89
- 7 No-passing zone 100%
Analysis dicection vol., V 306vetuh Show Horth MO o1 v1c4s and Buses , Py 6%
Opposing direction vol., 351vehvn % Recreational vehicles, P, 4%
Shoulder width ft 1.0 Access points mji 3fmi
Lane Width ft 12.0
Segment Length mi 2.4
Average Travel Speed
Analysis Direction {d) Opposing Direclion (o)
Passenger-car equivalents for frucks, Eq (Exhibit 15-11 or 15-12) 2.1 2.0
Passenger-car equivalents for RVs, Eg (Exhibit 16-11 or 16-13) 1.1 1.1
Heavy-vehicle adjustment factor, fi o, apa=H {1+ P (Ep-1+PL (E5-1)) 0.935 .940
Grade adjustment factor?, fg.ATS {Exhibit 15-9) 0.86 0.90
Demand flow rate?, vy {pei) vi=V/ (PHF* fg.ATS * fHV‘ATS) 428 466
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 61.0 mih
Adj. for lane and shoulder width,? fLg(Exhibit16-7) 4.2 mif
Mean speed of sample®, S, ) .y o ]
Total demand flow rate, both directions, v Ad]. for access points, T (Exhibit 15-8) 0.8 mim
Free-flow speed, FFS=S,,+0.00776(v/ fvars) |Free-flow speed, FFS (FSS=BFFS-f of,) 56.0 min
Adj. for no-passing zones, fnp,ATS {Exhibit 15-15) 27 mih Average travel speed, ATSfFFS-O.OO?TG(VdATS 3 164 mih
VoaTs? ~ p aTs
Percent free flow speed, PFFS 82.9 %
Percent Time-Spent-Following
Analysis Direction {d) Opposing Direction (o)
Passenger-car equivatents for trucks, E,(Exhibit 15-18 or 15-19} 1.6 1.6
Passenger-car equivalents for RVs, E, (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, =1 (14 PHE 1 PR(ER-1}) 0.965 0.965
Grade adjustment factor?, fg prsF (Exhibit 15-16 or Ex 15-17} 0.87 0.90
IDirectional flow rate?, v{pe/h) v|=ViI(PHF‘fHVIPTSF*é; pTSF) 409 454
b
Base percent time-spent-following®, BPTSF (%)=100(1-¢%Y4 ) 4.7
Adj. for no-passing zone, fnp prsF (Exhibit 15-21) 43.0
Percent time-spent-following, PTSF d(%)=BPTSF d+f nepTsF  Vaprse { Vaprse 65,1
Vo PTSE)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) &
Volume to capacity ralio, v 0.26

file:///C:/Users/dstoner/AppData/Local/Temp/s2k78EC. tmp 5/15/2012
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Capacily, Cy a1¢ (Equation 15-12) pci 1494
Capacily, C, prgr (Equation 15-13} pch 1544
Parcent Free-Flow Speed PFFS (Equation 15-11 - Class {ll only) 82.9
Bicycle Leve! of Service

Directional demand flow rate in outside lane, Vo (Eq. 15-24) veh/h 343.8
Effective widih, Wv (Eq. 15-29) ft 13.00
Effective speed factor, 8; (Eq. 15-30) 4.79
|Bicycle leve! of service score, BLOS (Eq. 15-31) 5,48
IBicyc!e level of service (Exhibit 15-4) E
Notes

. Note that the adjustment factor for level terrain is 1.00,as level terrain Is one of the base conditions. For the purpose of grade adjustment, specific
downgrade segments are ireated as lavel terrain.

2. If (v, or v, ) >=1,700 pe/h, terminate analysis--the LOS s F.

3. For the analysis direction only and for v>200 veh/h,

4. For lhe analysis direction only

6. Exhibit 156-20 provides coefficients a and b for Equation 15-10.

8. Use alternative Exhibit 15-14 if some trucks operate at crawl speeds on a specific downgrade.,

Copyright ® 2012 University of Florida, All Rights Reserved HCS 2010™  Version 6.3 Generaled: 5/15/2012 323 PM
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DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information |site information
Analyst David Stoner |Highway / Direction of Travel usz
Agency or Company DOWL HKM From/To Columbia F fo Hungry H EB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period PM Peak Analysis Year 2035
Project Description: U8 2 - Badrock Canyon Corridor Planning Study
Input Data
““““““““““ § " Shoukdor widin "~ ~ " ]
Lane width It 7 Classihighway [V Class il
—_— Lane width i} . ™ .
+_Shoulder width il highway | - Class Il highway
__________________________ Terrain [ Lever v Rolling
Segment length, L, mi GradeLength ~ mi  Up/down
Peak-haur factor, PHF 0.89
- ~ No-passing zone 100%
Analysis direction vol., Vi 296vehih Show: Hotth Arrow % Trucks and Buses , P 6%
Opposing direction vol., V,, 491vehth % Recreational vehicles, P, 4%
Shoulder width ft 1.0 Access points mi 3fmi
Lane Widlh #t i20
Segment Length mi 2.4
Average Travel Speed
Analysis Direction (d) Opposing Diraction (o)
Passenger-car equivalents for rucks, E¢ (Exhibit 15-11 or 15-12) 2.1 1.7
Passenger-car equivalents for RVs, E, (Exhibit 15-11 or 156-13) 1.1 1.1
Heavy-vehicle adjustment factor, i, arg=1/ (1+ Pr(E 1P (EQ-1)) 0.935 0.956
Grade adjustment factor!, fg a7g (Exhibit 15-8) 0.85 0956
Demand flow rate?, vi{pc/h) v=V,/ (PHF* ng,,\TS * fHV.ATS) 418 801
Free-Flow Speed from Field Measuremant Estimated Free-Flow Speed
Base free-flow speed®, BFFS 62.0 mih

Adj]. for lane and shoulder widih,* f, o(Exhibit 15-7) 4.2 mih
JMean speed of sample®, S,

Total demand flow rate, both directions, v Adj. for access polnts‘*, fa (Exhibil 15-8) 0.8 mim
Free-flow speed, FFS=S, +0.00776(v/ fy a7s ) |Free-flow speed, FES (FSS=BFFS-f o-f,) 57.0 mim
Ad]. for no-passing zones, fnp aTs (Exhibit 15-15) 1.9 mih Average fravet speed, ATS ;=F FS-0.00776(vy oyg + 472 mim
VoaTs! ~ fp ATS
|Percent free flow speed, PEFS 82.7 %
Percent Time-Spené-Following
Analysis Direction {d) Opposing Direclion (o)

Passenger-car equivalents for trucks, Eq(Exhibit 15-18 or 16-19) 1.6 12
Passenger-car equivatents for RVs, Eg (Exhibit 15-18 or 15-19) 1.0 1.0
[Heavy-vehicle adjustment factor, fi,=1/ (14 PH{E-1)+Pp(Ep-1) ) 0.965 0.988

Grade adjustment factor!, fg.PTSF {Exhibit 15-16 or Ex 15-17) 0.87 0.97

Directional flow rate?, vipchh) vEVAPHE T orse” f& PTSF) 396 576

b

Base percent time-spent-following?, BPTSF (%)=100{1-e™4 ) 45.3

Adj. for no-passing zone, fnp prsF (Exhibit 15-21) 36.0

Percent time-spent-following, PTSF (%)=BPTSF #f \ orer "y prgp  Vgprse * 60.0

Vo,PTSF)

Level of Service and Other Performance Measures
|Level of service, LOS (Exhibit 15-3) c

Volume to capacity ratio, v 0.24

file:///C:/Users/dstoner/AppData/lLocal/Temp/s2kA47E tmp 5/15/2012
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Capacity, Gy ars (Equation 15-12) peh 1576
Capacily, Gy prgr (Equation 15-13) po/h 1629
Percent Free-Flow Speed PFFS{Equation 15-11 - Class Il enly) 82.7
Bicycle Level of Service
|Direcli0na! demand flow rate in outside lane, v, {Eq. 15-24) vebvh 332.6
[Ediective width, wy (Eq. 15-29) f 13.00
IEﬁeclive speed factor, §, (Eq. 15-30) 4.79
iE!icycle tevel of service score, BLOS (Eq. 15-31) 5.46
Bicycle level of service (Exhibit 15-4) E
Notes

1. Note that the adjustment factor for level terrain is 1.00,as level terrain is one of the base conditions. For the purpose of grade adjustment, specific
downgrade segments are treated as level terrain.
2. If vy, or v, ) »=1,700 poh, terminate analysis--the LOS is F.

3. For the analysis direction only and for v>200 veh/h,

4. For the analysis direction only

5. Exhibit 15-20 providas coefficients a and b for Equation 15-10.

6. Use alternative Exhibit 16-14 if some trucks operale at crawl speeds on a specific downgrade.
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stonsr Highway / Direction of Travel us2

Agency or Company DOWL HKM From/To Columbia F to Hungry H W8

Date Performed 11/15/2011 Jurisdiction Flathead Counly

Analysls Tima Period PM Peak Analysis Year 2035

IProjecl Description:  US 2 - Badrock Canyon Corridor Planning Study

Input Data

_____________ ¥ Shoulderwidh 1|

Lane width I [ Class | highway F Class It
— . Lane width il . -
v_Shouidar width il highway 3 - Class ill highway
___________________________ Terrain ™ Level 2 Rolling
Segment length, mi - Grade length  mi  Up/down
9 gih. Ly Peak-hour factor, PHF 0.91
X No-passing zone 100%

Analysis direction vol, V, 491vehih S0 NorBIIGH ot Jrucks and Buses , Py 6%
Oppesing direclion vol., V, 296veh/h % Recreational vehicles, P 4%
Shoulder width ft 1.0 Access points mi 3imi
fLane Width 12.0
Segment Length mi 2.4

Average Travel Speed

Analysis Direclion (d) Opposing Direclion (o)
Passenger-car equivalents for trucks, E; (Exhibit 15-11 or 15-12) 1.8 2.1
Passenger-car equivalents for RVs, Ep (Exhibit 16-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, fi, ars=H (1+ Po{(E-1)+PL (Eo-1}) 0.951 0.935
Grade adjustment factor!, fg.ATS {Exhibit 15-9} 0.96 0.85
[pemand flow rate?, v {pcih) =V (PHF* fg.ATS * fHV.ATS) 591 409
Free-Flow Speed from Fleld Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 60.0 mim
Adj. for lane and shoulder widlh,* fig(Exhibit 16-7) 4.2 mih
Mean speed of sample?, Sy, 4 N )
Total demand flow rate, both directions, v Ad]. for access points™, f, (Exhibit 15-8) 0.6 mimh
Free-flow Speed, FFS:SFM+0007?6(V[ fHV.ATS ) Free-ftow Speed, FFS (FSS=BFFS-[LS- A) 55,0 mih
Adj. for no-passing zones, fnp,ATs (Exhibit 15-15) 28 mih Average travel speed, ATSd=FFS-{}.007?6(vd ats 445 mim
Voars! ~ThpaTs
Percent free flow speed, PFFS 80.9 %

Percent Time-Spent-Following

Analysis Direction (d) Opposing Direclion (o}

Passenger-car aquivatents for brucks, E{Exhibit 15-18 or 15-19) 1.2 1.6
Passenger-car equivalents for RVs, E, (Exhibit 16-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, f =1/ (1+ P{E-1)+P(Ex-1) ) 0.988 0.965
Grade adjustment factor?, fg.PTSF {Exhibit 15-16 or Ex 156-17) 0.96 .86
Directional flow rate?, v{pchh) vi=v.rl(PHF'fHVIPTSF‘ fg£TSF) 569 392

T 4 —_ ay b,
Base percent time-spent-following®, BPTSF 4(%)=100(1-¢%"d ) 54.1
Adj. for no-passing zone, lnp prsr (Exhibit 15-21) 36.2
Percent {ime-spent-following, PTSF d(%)=BPTSF g T nperse “Waprse { Vaprer F .
Vo.prsr)
Level of Service and Other Performance Measures
Lavel of service, LOS {Exhibit 15-3) D
Volume to capacily ratio, we .39
file:///C:/Users/dstoner/AppData/Local/Temp/s2kCB4F.tmp 5/15/2012




Directional

Page 2 of 2

Capacily, Cd.ATS {Equation 15-12) pc/h 0
Gapacity, Cd,PTSF {Equation 15-13) pc/h 1477
Percent Free-Fiow Speed PFFS (Equation 15-11 - Class I1l only} 80.9
Bicycle Level of Service

Directional demand flow rate in oulside lane, Vo (EQ. 15-24) veh/h 539.6
Effective width, Wv (Eq. 15-29) #t 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
|Bicycle level of service score, BLOS (Eq. 15-31) 571
|Bicyc!e level of service {Exhibil 15-4) F

Notes

downgrade segments are treated as leve! terrain,
2. 1fw{v, or v} »=1,700 pe/h, terminate analysis--the LOS is F.

3. For the analysis direction only and for v>200 vehfh.
4. For the analysis direction only
6. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

8. Use alternalive Exhibit 16-14 if some trucks operale at crawl speeds on a specific downgrade.

1. Note that the adjustment factor for fevel {errain Is 1.00,as level terrain is one of the base conditions. For the purpose of grade adjusiment, specific

Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™  Version 6.3
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Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel usz
Agency or Company DOWL HKM FromfTo Columbia F to Hungry H EB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyen Corridor PlafA
Input Data
I™ ClassInighway ¥ Class lihighway | Class it highway
b — Opposing direction e
—> Analysis direction —
Ly Lot Ly Ly
L Stuaer Heeth v
Shoulder width (ft) 1.0
Lane Width (ft) 12.0
Sepment Length {mi) 2.4
Total length of analysis segment, L, 2.4
Length of two-lane highway upstream of the passing lane, L | 0.0
Length of passing lane including tapers Lpl a6
Average travel speed, ATS (from Directional Two-Lane Highway Segment 18
Worksheet}
Percent time-spent-following, PTSF 4 {from Directional Two-Lane Highway S04
Segment Worksheet)
Level of service!, LOS 4 {from Directional Twe-Lane Highway Segment D
Worksheet)
Average Travel Speed
qLenglh of the downstream highway segment within the effective iength of
passing lane for average fravel speed, L, (Exhibit 15-23) 170
Length of two-lane highway downstream of effective length of the passing
lane for avg travel speed, Ly Ld=L{'(Lu*Lp|+ Lye) 0.10
Adj. factor for the effect of passing lane on average speed, fp[ (Exhibit 15- Nt
28)
Average travel speed including passing lane?, ATSp, =(ATS; L)/ s
('—u*Ld"(’-m"fpﬂ* (2Ldel(1+fpt arsh )
iPercent free flow speed including passing fane, PFFSpl = (ATSp,I FFS) 80.9
Percent Time-Spent-Following
Length of the downstream highway segment within the effective lengih of
4.64

passing fane for percent time-spent-following, Ly, (Exhibit 16-23)

Lenglh of two-lane highway downstream of effective length of the passing
lane for percent-time-following, -2.84
Ly =Ll * Lyt Lyl

Ad}. factor for the effect of passing lane on percent time-spent-following,
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Directional Passing Lane Page 2 of 2
l’pl, praplExhibil 15-26} 0.62
Percenl time-spent-following including passing lane3, PTSFpl(%)
57.0
PTSFpl= PTSF | Lu+Ld+fp,' PrSFLps*((“fpf, prsr)@lyell,
Level of Service and Other Performance Measures?
Level of service including passing lane LOSpi {Exhibit 15-3) C
Peak 156-min total trave! time, FTyglveh-h) TT g= V!‘./'ITL,)J'M'Spl 115
Bicycle Level of Service
Directional demand flow rate In outside lane, v, (Eq. 15-24) vehvh 830.5
Effective width, W, (Eq. 15-29) 13.00
Effective speed factor, S, (Eq. 15-30) 479
|Bicycle level of service score, BLOS (Eq. 15-31) 5.94
{8icycte level of service (Exhibit 15-4) F
Notes
1. IfLOS =F, passing lane analysls cannot be performed.
2.1f L4 <0, use alternalive Equalion 16-18.
3. If L 4<0, use alternative Equation 15-16.
4. vic, VMT ;. and VMT , are calculated on Directional Two-Lane Highway Segment Worksheet,

Copyright © 2012 University of Fiorida, All Rights Reserved
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Directional Passing Lane Page | of 2
2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel us2
Agency or Company DOWL HKM From/To Columbia F to Hungry H WB
[Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035
Profect Desciiption: US 2 Badrock Canyon Corridor Plan¥
Input Data
M Class | highway 2 Class H highway I~ Class il highway
-— Opposing direction -
—*  Analysis direclion —
Lli I-pl Lde Ld
Ly St Heelli frrosr
Shoulder width {ft} 1.0
Lane Width (ft) 2.0
Segment Length {mi} 2.4
Total length of analysis segment, L, 24
Length of two-lane highway upstream of the passing lane, L, 0.0
Length of passing lane including tapers Lpl i
Average {ravel speed, ATS 4 (from Directional Two-Lane Highway Segment JL8
Worksheet)
Percent time-spent-following, PTSF 4 {from Directional Two-Lane Highway 16
Segment Worksheet) ‘
Level of service!, LOS 4 (from Directional Two-Lane Highway Segment D
Worksheet)
Average Travel Speed
Length of the downstream highway segment within the effective fenath of
Ipassing lane for average travef speed, L, (Exhibit 15-23) L.70
lLenglh of two-lane highway downstream of effective length of the passing
" -0.40
tane for avg travel speed, L, Ld—Lt-(Lu+E.p|+ Ly
Ad]. factor for the effect of passing lane on average speed, fpl {Exhibit 15- INT,
28)
Average travel speed including passing lane?, ATSp, = {ATSy L)/ y
(E_U+Ld+(Lp|lfp!)+ (2L 41 +fp£ atsh}
|Percent free flow speed including passing tane, PFFSpl = (ATSPII FFS) 82.5
Percent Time-Spen!-Following
Length of the downstream highway segment within the effective lenglh of
passing lane for percent time-spent-following, L 4o (Exhibit 15-23) 648
Lenglh of two-lane highway downstream of effective length of the passing
lane for percent-time-following, -5.18
La=belh,+ Lyt Ly
Adj. factor for the effact of passing lane on percent time-spent-following,
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Page 2 of 2

fpl, praplExhibit 15-26) 0.61
Percent fime-spent-foliowing including passing lane?, PTSFN(%)
45.2
PTSF = PTSFE [ L+ y*y propk ot (1H) prgpl 2Ly Ly
Level of Service and Other Performance Measures?
ILevel of service including passing lane LOSP, (Exhibit 15-3) B
!Peak 16-min total travel time, TT,glveh-h)  TT .= VMT, 5IATSpI 7.6
Bicycle Level of Service
Directional demand flow rate in outside lane, vy, (Eq. 16-24} veh/h 377.0
Effeclive width, W, (Eq. 15-29) ft 13,00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eg. 15-31) 3574
Bicycle level of service {(Exhibit 15-4) F
Notes
1. ifLOS =F, passing lane analysis cannot be performed.
2. 1f L, <0, use allernative Equation 15-18.
3. IfL <0, use alternalive Equation 15-186.
4. vic, VMT ., and VMT, are calculated on Directional Two-Lane Highway Segment Worksheet.

Copyright ® 2012 Universily of Flerida, Al Rights Reserved

HCS 2010™  version 6.3

file:/f/C:/Users/dstoner/AppData/Local/Temp/s2k6153.tmp

Generated: 5/24/2012  12:36 PM

5/21/2012
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DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET

General Information Site Information

Analyst David Stoner Highway of Travel us2

Agency or Company DOWL HKM From/To Columbia F to Hungry H EB
Date Performed 11/15/2011 Jurisdiclion Flathead County

Analysis Time Period Median Off-Peak Analysis Year 2035
{Project Description: US 2 Badrock Canyon Corridor PlaW

Input Data

[7 Classihighway ¥ Classithighway | Class 11t highway

- Opposing direction -
> Analysis direclion —
Lu ‘-pl Lde |-d

| L Stiavt Heeth Arroe
Shoulder width {f1) 1.0
Lane Width (ft) 2.0
Segment Length (mi) 2.4
Total length of analysis segment, L, 24
Lengih of two-lane highway upstream of the passing lane, L 0.0
Lengif: of passing lane inctuding tapers , Lp| 0.6
Average travel speed, ATS (from Directional Two-Lane Highway Segment 26
Worksheet)

Percent time-spent-following, PTSF 4 (from Directional Two-Lane Highway 81.9
Segrent Worksheet) '
Level of service!, 1.0S 4 {(from Directional Two-Lane Highway Segment D
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the effective length of

passing lane for average iravel speed, L, (Exhibit 15-23) 1.70
Length of two-lane highway downstream of effective length of the passing
|tane for avg travel speed, L4 Ld=Lt-(Lu+Lp,+ Lge) 210
Ad. factor for the effect of passing lane on average speed, fpl {Exhibit 15- 11l
28)

Average trave! spead Including passing lane?, ATS|J| = {(ATS L)/

45,4

(Lu+Ld+(Lpllfpl)+ 2L g f01 +fp,‘ arsh)

Percent free flow speed including passing lane, F'FFSpl = (ATSPII FFS) 810
Percent Time-Spent-Following

Length of the downstream highway segment within the effective length of

518

Ipassing lane for percent time-spent-following, L, (Exhibit 15-23)

{Lengih of two-lane highway downstream of effective length of the passing
lane for percent-time-following, -3.38

Ly =Lt-(Lu+ Lpl+ Lde)

Adj. factor for the effect of passing tane on percent time-spent-following,
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Page 2 of 2

[, prsp(Exhibit 15-26) 0.62
[Percent times-spent-following including passing lane?, PTSFPI(%) sas
PYSF = PTSF | Lthgt o praebot (4 prself@iy MLy

Level of Service and Other Performance Measures?

Level of service including passing lane LOSpl {Exhibit 15-3) B
Peak 18-min total lravel time, TT,g(veh-h)  TT,5= VMT, 5J'A‘I“Spl 0.2
Bicycle Level of Service

Direclional demand flow rate (n outside lane, vy, (Eq. 16-24) vehth 773.6
Effective width, W, (Eq. 15-29) ft i3.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq, 15-31) 5.89
|Bicycle level of service {Exhibit 15-4) F

Noles

1. HLOS=F, passing lane analysis cannot be performed.
2. 1fL4 <0, use alternative Equation 15-18.

3. IfL =0, use alternative Equation 15-16.

4. vlc, VMT ¢ and VMT, are calculated on Directional Two-tane Highway Segment Worksheet,

Copyright © 2012 University of Florida, All Righls Reserved
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Directional Passing Lane Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET
General Information {Sito Information
Analyst David Stoner Highway of Travel usz
Agency or Company DOWL HKM FromiTo Columbia F to Hungry H WB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysls Time Period Madian Off-Peak Analysis Year 2035
Project Description; /S 2 Badrock Canyon Corridor Plat
input Data

I Class1highway [V Glass linighway | Class il highway

-— Opposing direciion -
—*  Analysis direction —
Ly i-pl Lde |-d
L I Stow Heelh Brrow

Shoulder width (ft) Lo
Lane Width {f) 12.0
Segment Length (i) 2.4
Tatal length of anatysis segment, L, 24
Length of two-lang highway upstream of the passing lane, L, 0.0
Length of passing lane including tapers | Lp] 1.1
Average travel speed, ATS 4 (from Directional Two-Lane Highway Segment 427
Worksheet)

Percent time-spent-following, PTSF ; {from Directional Two-Lane Highway 272
Segment Worksheet)

Level of service!, LOS, (from Directional Twe-Lane Highway Segment D
Worksheet)

Average Travel Speed

|Length of the downstream highway segment within the effective fength of

passing lane for average travel speed, L, (Exhibit 15-23) L.70
Length of two-lane highway downstream of effective length of the passing

lane for avg travel speed, L Ld=L|-(Lu+LP,+ Lyo) -0.40
Ad]. factor for the effect of passing lane on average speed, fpl {Exhibit 15- 3T,
28)

Average travel speed including passing lane?, ATSp, =(ATS; L)/ Py
(Lu+Ld+(Lpllfpi)+ (2L 5, /(1 +fp,' Arsh)
{Percent free flow speed including passing fane, PF FSpl = (ATSpil FF3) 82.9
Percent Time-Spenl-Following

Length of the downstream highway segment within the effective length of

passing lane for percent ime-spent-following, L, (Exhibit 16-23) 5.7
Length of two-lane highway downsiream of effeclive lenglh of the passing

lane for percent-time-following, 449

Ly =ttt Lot Lyo)

Adj. factor for the effect of passing lane on percent time-spent-following,

file:///C:/Users/dstoner/AppData/Local/Temp/s2k8EES, tmp 5/21/2012
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fp[. prop(Exhibit 15-26) 0.61
Percent ime-spent-following including passing lane3, PTSFN(%)
48,9
PTSFPI= PTSF, Lty PTSFLDI+((1 +fp,, prse)2iLa L,

Level of Service and Other Performance Measures?

|Levef of service including passing lane LOSpl {Exhibit 15-3) B
lPeak 15-min tolal travel ime, TT,5(veh-h} TTy5= VMT, 5I’ATSpl 88
Bicycle Level of Service

Directional demand flow rate In oudside lane, vy, (Eq. 15-24) vehih 682.2
Effective width, W, (Eq. 15-29) #t 13.00
Effective speed factor, 5, {Eq, 15-30) 479
Bicycle level of service score, BLOS (Eq. 15-31) 5.83
Blcycle level of service (Exhibit 15-4) F
Notes

1. fLOS=F, passing lane analysis cannot be performed.

2. I L <0, use allernative Equation 15-18.

3. IfLy<0, use alternative Equation 15-16.

4. vic, VMT, 5 and VMT,, are caiculated on Directional Two-Lane Highway Segment Worksheet.

Copyright @ 2012 University of Florida, All Rights Reserved
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Directional Passing Lane Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel sz
Agency or Company DOWL HKM From{To Columbia F to Hungry H EB
Date Performed 11/15/2011 Jurisdiclion Flathead County
Analysis Time Period PM Peak Analysis Year 2035
Projact Description:  US 2 Badrock Canyon Corridor Pla/
Input Data

I” Classthighway [ Classlinighway | Class Iil highway

- Opposing direclion -
e Analysis direction —
;—u i;31 Lge I-d
L | Show Heeth frrowe

Shoulder width (f1) 1.0
Lane Width (ft) 2.0
Segment Length (mi) 2.4
Total length of analysis segment, L, 24
Length of twe-lane highway upstream of (he passing lane, L, 0.6
Length of passing lane including tapers , Lo 0.6
Average travel speed, ATS {from Directional Two-Lane Highway Segment 41.8
Worksheet)

Percent time-spent-following, PFSF,; (from Directional Two-Lane Highway 254
Sepment Worksheet)

Level of service!, LOS 4 {from Directional Two-Lane Highway Segment D
Worksheet)

Average Travel Speed

Langih of the downstream highway segment within the effeclive length of

passing lane for average travel speed, L, (Exhibit 15-23) £.70
Length of two-lane highway downstream of effeclive length of the passing

lane for avg travel speed, L, Ld=Ll-(Lu+Lp|+ Lde) 0.10
Adj. factor for the effect of passing lane on average speed, fp, (Exhibit 15- 111
28)

. - 2 - "

Average travel speed including passing fane?, ATSpi = (ATS, L)/ 16
(L Lo+ RLg(1#0,47))

Percent free flow speed including passing lane, PFFSpl = (ATSpll FFS) 78.1
Percent Time-Spent-Following

Length of ihe downstream highway segment wilhin the effective length of
|passing lane for percent time-spent-foflowing, L, (Exhibit 16-23) 592
Length of two-lane highway downstream of effective length of the passing

lane for percent-time-following, 12

bg =Lyt Lot L)

Adj. factor for the effect of passing lane on percent ime-spent-following,
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fpl, prsptExhibit 15-26) 0.61
Percent time-spani-following including passing lane®, PTSFPI(%)
49.3
PTSFp|= PTSF [ Lu+Ld+fp,,PTSFLp|+((1 +f‘p',"‘,7rSF)12)Lde]J'Li
Level of Service and Other Performance Measures?
|Levet of service including passing lane LOSpl (Exhibit 15-3) B
IPeak 15-min lotal travel time, TT,g{veh-h} TT15= VMT1 5IATSN 8.9
Bicycle Level of Service
[Pirectional demand flow rate in outside lane, v, {Eq. 15-24) vehm 658.4
Effeclive width, W, (Eg. 15-29) #t 13.00
Effective speed faclor, 5, (Eq. 15-30} 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 3.81
Bicycle favel of service (Exhibit 15-4) F
Notes
1. IfLOS =F, passing lane analysls cannot be performed.
2. If L <0, use alternative Equation 15-18.
3. If £4<0, use alternative Equation 15-16.
4. vic, VMT, ; and VMT, are calculated on Direcliona) Two-Lane Highway Segment Worksheel.
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DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel us2
Agency or Company DOWL HKM From/To Columbia F to Hungry H WWB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period PM Peak Analysis Year 2035
Projact Description: (/S 2 Badrock Canyon Corridor PlatPB
Input Data

[ Class Ihighway ¥ ClassIthighway | Cass Ill highway

- Opposing direction -
—_— Analysis direction —
Ly Ly Lae Ly
L | Show Neath frrov

Shoulder width (ft) 1.0
Lane Width {ft} 120
Segment Length (mi) 2.4
Total length of analysis segment, L, 24
Length of two-lane highway upstream of the passing fane, L , 0.0
Length of passing lane including tapers | Lpi Li
Average travel speed, ATS ; (from Directional Two-Lane Highway Segment 39.4
Worksheet)
Percent time-spent-following, PTSF  (from Directional Two-Lane Highway $0.4
Segment Worksheet) .
Level of service!, LOS 4 (from Directional Two-Lane Highway Segment E
Worksheet)
Average Trave! Speed
Length of ihe downstream highway segment within the effective length of
passing lane for average travel speed, L, (Exhibit 15-23) 1.70
Length of two-tane highway dewnstream of effective fength of the passing
lane for avg fravel speed, L Ld=Lt-(Lu+Lp|+ bge) 040
Adj. factor for the effect of passing lane on average speed, fp] {Exhibit 15- 1T
28)
Average lravel speed including passing tane?, ATS’JI ={(ATS* L)/

42.9

;(Lu+Ld+(Lp|prl)+ (2Ldel(1+fpm7-s)) }

Percent free flow speed including passing lane, PF FSpI = (ATSP,I FFS) 77.9
Percent Time-Spent-Following
Length of the downstream highway segment within the effective length of

.60

passing lane for percent ime-spent-following, L, (Exhibit 15-23)

Length of two-lane highway downstream of effective length of the passing
|tane for percent-time-following, 2230

Ld =Lt'(Lu+ Lp!+ Lde)

Adj. factor for the effect of passing lane on percent time-spent-following,
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Directional Passing Lane Page 2 of 2
fy prse{Exhibit 15-26) 0.62
Percent time-spent-following including passing fane®, PTSFpl(%) o
PTSFP!= PTSF 4 Lu+1‘d+'p|, PTSFLpI+((1 +pr' preetell gl
Level of Service and Other Performance Measures?
Eeve! of service including passing lane i.OS’JI (Exhibit 15-3) C
IPeak 15-min total travel time, TT,g(veh-h}  TT,= VMT, 5J’ATSpl 151
Bleyele Level of Service
Direclionat demand flow rate in outside lane, VoL {Eg. 15-24) veh/h 1078.0
Effactive width, W, (Eq. 15-29) ft 13.00
Effective speed factor, S, {Eq. 15-30) 4,79
Bicycle lavel of service score, BLOS (Eq. 15-31) 6.06
Bicycle level of service (Exhibit 15-4) F
Notes
1. HLOS,;=F, passing lane analysis cannot be performed.
2, 1fL.4 <0, use alternative Equation 15-18.
3. IfL <0, use alternative Equation 15-16.
4. vic, VMT 5 and VMT, are calculated on Directional Two-Lane Highway Segment Workshea!.
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Corridor Planning Stud Improvement Options Report

Appendix 4

Operational
Analysis Worksheets

2035 3-2-3-4 Four-Lane Peak Season
RP 142.0-RP 142.4

Direction 1 = Eastbound
Direction 2 = Westbound




MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

]

General Information Site Information

Analyst David Stoner Highway/Direction to Travel ~ U$ 2

Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 4130/2012 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035

[Pfoject Desciiption  US 2 Badrock Canyon Corsidor Planning Study

[ Oper.{LOS) {7 Des. (N} I Plan. (vp)

Flow Inputs

Volume, V (vehih) 791 Peak-Hour Factor, PHF 0.93
AADT{veh/h) %Trucks and Buses, P; 6

Peak-Hour Prop of AADT {veh/d) %RVs, Pg 4

Peak-Hour Direction Prop, D General Terrain: Rolling

DDHV (veh/h) Grade  Length {mi) 0.00

Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2

Calculate Flow Adjustments

Iy 1.00 Eq 20

E, 2.5 fy 0.885

Speed Inputs Calc Speed Adj and FFS

Lane Width, LW (ft) 120 £, (mih)

Total Lateral Clearance, LC (ft) 12.0 £, (mifh)

Access Poinis, A (A/mi) 0 ,

fy (mifh)

Median Type, M .

FFS (measured) 80.0 v ()

Base Free-Flow Speed, BFFS FFS (mif) 600
Operations Design

Design (N)

Operational (LOS§)

Required Nurber of Lanes, N

Flow Rate, v_{pc/h/in
Speed. S f;:p ) ;3{:) Fiow Rate, vy {pci)
peec, ) (mifh) ' Max Service Flow Rate {pc/hiin)
D {pc/mifin) 8.0 )
Design LOS
LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1) Page 2 of 2

Directional demand flow rate in outside lane, v, (Eq. 15-24) veh/h 425.3

Effective width, W, (Eq. 1520} ft 24.00

Effactive speed factor, 8, (Eq. 15-30) 4.79

Bicycle [evet of service score, BLOS (Eq. 15-31) 3.55

Bicycle level of service (Exhibit 15-4) D

Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3 Generated: 6/28/2012 10:20 AM
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direclion to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 41302012 Jurisdiction Flathead Counly
Analysis Time Period AM Peak Analysis Year 2035
|Projecl Description  US 2 Badrock Canyon Corridor Planning Study
I Oper.(LOS) I Des. (N) [ Plan. (vp)

Flow Inputs
Volume, V (vehih) 502 Peak-Hour Factor, PHF 0.87
AADT(veh/h) %Trucks and Buses, P 6
Peak-Hour Prop of AADT (veh/d) %RVs, P, 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHV (veh/h) Grade  Length {mi) 0.60
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
f, 1.00 Eq 2.0
E; 25 fv 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ﬂ) 12.0 fLW (m“lh)
Total Lateral Clearance, LC (fty 120 fLc (i)
Access Points, A {A/mi) 0 .

. fy (mifh)

Median Type, M ¢ ilh
FFS (measured) 60.0 w (mifh)
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design

Design (N}
Operational (LOS Res' . S Nomber of Lanee 1
Flow Rate, v_{pc/hiin) 326 equire Number ot Lanes,
Soced. S !}h 600 Flow Rate, v, (pc/h)
Dp(ee/, " (')m ) 5 4 Max Service Flow Rate (pc/hin)

Crmifin .
P Design LOS

LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

Bicycle level of service {Exhibit 15-4)

Directional demand flow rate in oulside fane, v, (Eq. 15-24) veh/h 288.5
Effective width, W, (Eq. 15-29) ft 24.60
Effective speed factor, S, {Eq. 15-30} 479
Bicycle level of service score, BLOS (Eq. 15-31) 336
&
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

IGeneraI Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 4/30/2012 Jurisdigtion Flathead County
Analysis Time Period Median Off Peak Peak Analysis Year 2035
IProject Description  US 2 Badrock Canyon Corridor Planning Study
I Oper{LOS) [ Des. {N) [ Plan. (vp)
Flow Inputs
Volume, V {veh/h) 704 Peak-Hour Factor, PHF o
AADT{vehih} %Trucks and Buses, P, ]
Peak-Hour Prop of AADT {veh/d) %RVs, P 4
Peak-Hour Direction Prop, D General Terrain; Rolling
DDRV (vehih) Grade  Length (mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
A 1.00 Eq 20
E; 2.5 fy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Widh, LW {ft 12.0 f, (i)
Total Laterat Clearance, LC (fty 12.0 f_ (mih)
Access Points, A (A/mi) 0 .
. f, (mif)
Median Type, M -
FFS (measured) 61.0 v (W)
Base Free-Flow Speed, BFFS FFS {mifh) 61.0
Operations Design
Design (N}
Operationaf (LOS RES! .n dNN bar of L N
Flow Rate, v_ (phin) 47 aquired Number of Lanes,
Soeed. ?fh 50.0 Flow Rate, v, (po/h)
s oM . .
Dp(ee/ 'n( ) 73 Max Service Flow Rate (pc/h/in)
ifin .
pefmi) Design LOS
LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1) Page2 of 2

Direclional demand flow rale in outside lane, vy, (Eq. 15-24) veh/h 3868
Effective width, W, (Eq. 15-29) it 24.00
Effeclive speed factor, S, {Eq. 15-30) 479
Bleycle level of service score, BLOS (Eq. 15-31) 3.51
Bicycle level of service (Exhibit 15-4) D
Copyright € 2012 University of Florida, All Rights Reserved HCs 2010™ version 6.3 Generated: 6/28/2012 10:21 AM
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET (Direction 2)

]

General Information Site Information

Analyst David Stoner Highway/Direction to Travel ~ US 2

Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse

Date Performed 413012012 Jurisdig:lion Flathead County

Analysis Time Period Median Off Peak Peak Analysis Year 2035

|Projecl Description  US 2 Badrock Canyon Corridor Planning Study

I Oper{LOS) I Des. (N} [ Plan. (vp)

Flow Inputs

Volume, V (veh/h) 614 Peak-Hour Factor, PHF 0.89

AADT(vehih) %Trucks and Buses, P; 8

Peak-Hour Prop of AADT (veh/d) %RVs, Pg 4

Peak-Hour Direction Prop, D General Terraln: Rolling

DDHV (veh/h) Grade  Length {mi} 0.00

Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2

Calculate Flow Adjustments

f, 1.00 Eg 2.0

E; 25 fy 0.885

Speed Inputs Calc Speed Adj and FFS

Lane Width, LW {ft) 120 £, (mifh)

Total Lalerél Clearancfa, Loy 120 fL. (mil)

Access Peints, A (Afml) 0 .

_ £y (mifh)

Median Type, M £ milh

FFS (measured) 61.0 v (1)

Base Free-Flow Speed, BFFS FFS {mifh) 61.0

Operations Designh

Operationa! (LOS) 288@ d:N N: berof L N

Flow Rate, v_ {pefhiin) 389 oquired Humber ot Lanes,

Soped. S !:‘h 600 Flow Rate, v, (pch)

, o (m ,
Dp(eel i () ) 65 Max Service Flow Rale (pc/hiin)
iin .
bem Design LOS
LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2) Page 2 of 2

Directional demand flow rate in outside lane, v, (Eq. 16-24) veh/h 344.9
Effective widih, W, (Eq. 15-29) it 24.00
Effeclive speed factor, S, {Eq. 15-30) 479
Bicycle level of service score, BLOS (Eq. 15-31) 345
Bicycle level of service (Exhibit 15-4) C
Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ vVersion 6.3 Generated: 6/28/2012 10:21 AM
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information

Analyst David Stoner Highway/Direction to Travel ~ US 2

Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse

Date Performed 4/30/2012 Jurisdit_:lion Flathead County

Analysis Time Period PM Peak Analysis Year 2035

IPfoject Description  US 2 Badrock Canyon Corridor Planning Study

[ Oper{LOS) I~ Des. {N) [ Plan. {vp)

Flow Inputs

Volume, V (veh/h) 586 Peak-Hour Fagctor, PHF 0.89

AADT{veh/h) %Trucks and Buses, Py 6

Peak-Hour Prop of AADT (vehid) %RVs, Pp, 4

Peak-Hour Direction Prop, D General Terrain: Rolling

DDHY (vehfh) Grade  Length (mi) 0.00

Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2

Calculate Flow Adjustments

fy 1.00 Eq 20

E; 2.5 b 0.885

Speed Inputs Calc Speed Adj and FFS

Total Lateral Clearance, LC {ft} 12.0 f.c (mifh)

Access Points, A {A/mi) 0 .

i £ (mifh)

Median Type, M -

FFS (measured) 62.0 w (i}

Base Free-Flow Speed, BFFS FES (mit) 62.0

Operations Design

Operational (LOS) %ﬂi berof L "

Flow Rate, v_ (pcih/in) 379 equired Number of Lanes,

Sosed S _‘}h 500 Flow Rate, v, (pcrh)

Dpee!, " (mif) 6 2 Max Service Flow Rale (pc//in)

ifin .
(poiomin) Design LOS
LGS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1) Page 2 of 2

Directional demand flow rate in outside lane, v {Eq. 15-24) veh/h 329.2
Effective width, W, (Eq. 15-29} ft 24.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 3.42
Bicycle level of service (Exhibit 15-4) C
Copyright © 2012 University of Flerida, All Rights Reserved HCS 2010™ Version 6.3 Generaled: 6/28/2012 10:21 AM
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 41302012 Jurisdig:lion Fathead County
Analysis Time Period PM Peak Analysis Year 2035
[Projecl Description  US 2 Badrock Ganyon Corridor Planning Study
[ Oper.(LOS) I Des. (N) ™ Ptan. (vp}

Flow Inputs
Volume, V (veh/h) 981 Peak-Hour Factor, PHF 0.91
AADT{veh/h) %Trucks and Buses, P, 8
Peak-Hour Prop of AADT (veh/d) %RVs, Py 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHV {veh/h) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
f, 1.00 Er 20
E; 25 fuv 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft) 12.0 £, (mifh)
Total Later.al Clearanc?, LC(fy 12.0 fLo (i)
Access Points, A {A/mi) 0 .

f, (mif)

Median Type, M £ il
FFS (measured) 60.0 w (i)
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design

Design (N)

Operationat {LOS

Flow Rate, Vo {pe/hiiny 609
Speed, S (mifh) 60.0
D (pc/mifin} 10.1
LOS A

Required Number of Lanes, N
Flow Rate, A {pch)

Design LOS

Max Service Flow Rate (pc/hiin)

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

Directional demand flow rate in outside lane, vy, (Eq. 15-24) vehi 330.0
Effective width, W, (Eq. 15-29) it 24.00
Effective speed faclor, S; (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 3.67
D

Bicycle level of service (Exhibit 15-4)

Copyright @ 2012 University of Florida, All Rights Reserved
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Corridor Planning Stud Improvement Options Report

Appendix 4

Operational
Analysis Worksheets

2035 3-2-3-4 Adjusted Annual Average
Three-Lane RP 140.0 - RP 140.6
Two-Lane RP 140.6 - RP 141.2
Three-Lane RP 141.2-142.0




Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET

General Information Isite Information

Analyst David Sfoner Highway of Travel us2

Agency or Company DOWL HKM From/To Columbia F to Hungry H EB
Date Performed 1171572011 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035

Project Description: S 2 Badrock Canyon Corridor Plall-nB

input Data

I Class | highway Vi Class Il highway - Class Il highway
-~ Opposing direction -
—*  Analysis direction —
Ly I-pl Ldo Ly

| L Stioet Heelhr rrowr

Shoulder width (ft) 1.0

Lane Width (ft) 12.0

Segment Length (mi) 2.4

Total length of analysis segment, L, 2.4

Length of two-lane highway upstream of the passing lane, 1., 0.0

Length of passing lane including tapers , Lp[ 0.6

Average travel speed, ATS, (from Directional Two-Lane Highway Segment 453

Worksheet}

LPen::ent time-spent-following, PTSF | (from Directional Two-Lane Highway 698
Segment Worksheet) '
Level of service!, LOS 4 (from Directional Two-Lane Highway Segment c
Worksheet)}

Average Travel Speed
Length of tha downstream highway segment within the effective fength of
passing lane for average travel speed, L, {Exhibit 15-23) 170
Length of two-lane highway downstream of effective length of the passing
tane for avg fravel speed, Ly Ld=Lt'(Lu+Lp1+ Lyo) 0.10
Ad]. faclor for the effect of passing lane on average speed, I‘p] (Exhibit 15- 110
28)

. " 4 - &

Average travel speed including passing lane®, ATSpl ={ATS L}/ 450
(Lu+Ld+(Lp,Hp])+ (2L, /(1 +fp,‘ aren}

Percent free flow speed including passing lane, F’FFSpl = (ATSpll FFS) 87.3
Percent Time-Spent-Following
Length of the downstream highway segment within the effective fength of

749

passing lane for percent time-spent-following, L 4o {Exhibil 15-23)

Lenglh of two-lane highway downstream of effective length of the passing
lane for percent-time-following, -5.69
Ly=lllr Lyt L)

Adj. factor for the effect of passing lane on percent time-spent-following,

file:///C:/Users/dstoner/AppData/Local/Temp/s2kCD3F.tmp 512172012



Directional Passing Lane Page 2 of 2

T, prsrlExhibit 15-26) 0.61
Percent time-spent-following including passing lane®, PTSFP,(%) 450
PTSF = PTSFY Lt Lyt prapt ot () pre el 2L g ML
Level of Service and Other Performance Measures?
|Livef of service including passing lane LOSp] {Exhibit 15-3} B
'Peak 18-min total travel ime, TT g{veh-h) TT,.= VMT15IATSPI 3.3
Bicycle Leve! of Service
Direclional demand flow rate in outside lane, vy, (Eq. 15-24) vehm 428.0
Effective width, W, (Eq. 15-26) it 13.00
Effeclive speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS {Eq. 15-31) 5.59
|Bicycle level of service (Exhibit 15-4) F
Notes
1. IfLOS =F, passing lane analysis cannot be performed.
2.If L4 <0, use alternative Equation 15-18.
3. If L ;<0, use allernative Equation 15-16.
4. vlc, VMT, g and VMT,, are calculated on Directional Two-Lane Highway Segment Worksheet,
Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3 Generated: 521/2012 12:41 PM
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Directional Passing Lane

Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Site Information
Analyst David Stener Highway of Fravel us?
Agency or Company DOWL HKM From{To Columbia F to Hungry HWB
Date Performed 117152011 Jurisdiction Flathead County
Analysls Time Period AM Peak Analysis Year 2035
|Project Dascription:  US 2 Badrock Canyon Corridor Plaff
Input Data
I Class | highway ~ Class [ highway = Class {ll highway
-— Opposing direction -
— _Analysis direction —
Ly Lp[ Lde Ld
L Strawi el frrow
Shouider width (1) 1.0
Lane Width (ft) 12.0
Segment Length (mi} 2.4
Total length of analysis segment, L, 24
[Length of twe-lane highway upstream of the passing lane, L, 0.0
Length of passing lane including tapers , Lpl 1.1
Average travel speed, ATS ; (from Directional Two-Lane Highway Segment £5.8
Worksheet)
Percent time-speni-following, PTSF 4 {from Directional Two-Lane Highway 578
Segment Worksheet) '
Level of service!, LOS 1 (Trom Directional Two-Lane Highway Segment c
Worksheet)
Average Travel Speed
Length of the downstream highway segment within the effective length of
passing fane for average Iravel speed, L, (Exhibit 15-23) 1.70
Length of two-lane highway downstream of effective length of the passing
lane for avg travel speed, L Ld=Lt-(Lu+Lpl+ Lyo) -0.40
Ad). factor for lhe effect of passing lane on average speed, fpI (Exhibit 15- 110
28)
Average travel speed including passing lane?, ATSiJI ={ATS L} f 195
(Lt Lt (Lffop+ (g /(T are)) )
|Percent free flow speed Including passing lane, PF FSpI = (ATSPl.f FFS) 89.8
Percent Time-Spent-Following
Length of the downstream highway segment within the effective length of
passing lane for percent fime-spant-following, L 4o (Exhibit 15-23) 964
Length of two-lane highway downstream of effective lenglh of the passing
lane for percent-time-following, 8.34
Ly=lefl+ Lot Ly
Adj. factor for the effect of passing lane on percent time-spent-following,

file:///C:/Users/dstoner/AppData/Local/Temp/s2k499F .tmp
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Directional Passing Lane

Page 2 of 2

f prse(Exhibit 15-26) 0.60
Percent fime-spent-following including passing lane®, PTSFPI(%) 155
PTSF, = PTSF Lytbgtior prsebprt i+ prep))Le VE
Level of Service and Other Performance Measures?
Level of service incuding passing fane LOSpl {Exhibit 15-3) A
Peak 16-min total travet lime, TT,g{veh-h) TT;5= VMT, SIATSp, 33
Bicycle Level of Service
|Dlreclicna! demand flow rale in oulside lane, vy, (Eq. 15-24) veh/h 287.4
IEffeclive width, W, (Eq. 15-29) ft 13.00
[Eﬁective speed factor, S, (Eq. 15-30) 479
Bicycle feve! of service score, BLOS {Eq. 15-31) 5.39
Bicycle fevel of service (Exhibit 15-4) E
Notes
1. If LOS =F, passing lane analysis cannot be performed.
2. If L4 <0, use afternalive Equation 15-18.
3. If L 4<0, use alternative Equation 15-16.
4. vic, VMT1 5 and VMT60 are calculated on Directional Two-Lane Highway Segment Worksheet.

Copyright @ 2012 University of Florida, All Rights Reserved
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Directional Passing Lane

Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET

General Information Site Information

Analyst David Stoner Highway of Travel usz
Agency or Company DOWL HKM From{To Columbia F to Hungry H EB
Batle Performed 11/16/2011 Jurisdiction Flathgad County
Analysis Time Period Median Off-Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor Plafl3¥8

Input Dafa

r Class t highway I Class 1l highway r Class HI highway
-~ Opposing direction -
——=  Amlysis direction —
I-u E-pl Lde Ld
L Shawr Hewth Areosr

Shoulder width (ft) L0
Lane Width {f1) 12.0
Eﬁgﬁment Length {mi) 2.4
Total length of analysis segment, L, 24
Length of two-lane highway upstream of the passing lane, L, 0.0
kLength of passing lane including tapers , Lpi 8.6
Average travel speed, ATS ; (from Directional Two-Lane Highway Segment J6.3
Worksheet)

Percent time-spent-following, PTSF  (from Directional Two-Lane Highway .y
Segment Worksheet)

Level of service!, LOS ¢ (from Directional Two-Lane Highway Segment c
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the efieclive length of

passing lane for average Iravel speed, L4 {Exhibit 15-23) 170
|Length of two-tane highway downstream of effective tength of the passing

lane for avg travel speed, L Ld=L(’(Lu+Lp1+ Lyo} 0.10
Adj. factor for the effect of passing lane on average speed, IP, (Exhibit 15- 110
28)

Average travel speed including passing tane?, ATSpl = (ATS¢ L/ ol
(Lu+Ld*(Lp1’fp1)+ {2L,/(1 +fp,, arsh}
tPercent free flow speed including passing lane, PFFSP, = (ATSNI FFS) 87.5
Percent Time-Spent-Following

Length of the downstream highway segment within the effective length of

passing lane for percent time-spent-following, L 4o (Exhibit 15-23) 77l
Length of two-lane highway downstream of effective lenglh of the passing

fane for percent-time-following, 507

Ld =Ll'(l‘u+ l'pl+ Lde)

Ad]. factor for the effect of passing lane on percent time-spent-following,
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Directional Passing Lane

Page 2 of 2

fp,‘ prap(EXhibit 15-26) 0.61

Percent time-spent-following including passing fane®, PTSFPI(%) 0
PTSF= PTSF [ L Lt ors o+ (14 pregh2)L gLy

Level of Service and Other Performance Measures®?

Level of service including passing lane LOSpl (Exhibit 15-3) B

Peak 156-min total travel time, TT,s(veh-h) TTys= VMTiSIATSm 4.7

Bicycle Level of Service

Directional demand flow rate In autside lane, v, (Eq. 15-24) vehvh 385.7

Effective width, W, (Eq. 15-29) ft 13.00

Effective speed factor, 5; (Eq. 15-30) 4.79

Bicycle level of service score, BLOS (Eq. 15-31) 5.54

Bicycle level of service (Exhibit 15-4) F

Notes

1. i LOS,=F, passing lane analysls cannot be performed.

2. L <0, use alternative Equation 15-18.

3. If L4<0, use alternalive Equation 15-16.

4. vfe, VMT 5 and VMT, are calculated on Directional Two-Lane Highway Segment Worksheet.

Copyright © 2012 University of Flerida, All Rights Reserved

file:///C:/Users/dstoner/AppData/local/Temp/s2k6D64.tmp

HCS 2010™ version 6.3

Generated: 5/21/2012 12:42 PM

5/21/2012



Directional Passing Lane Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Traval usz
Agency or Company DOWL HKM Fromi/To Columbia F to Hungry H WB
1Date Performed 111562011 Jurisdiction Flathead County
Analysis Time Period Median Off-Peak Analysls Year 2035
Project Descriplion:  US 2 Badrock Canyon Corridor PlaVi%¥B

input Data

. Class | highway v Class [I highway I Class Il highway

- Opposing direction *—
— Analysis direction —
Ly Lo Lao Lg
Ly Shawe Weeth Feeowr

Shoulder width (ft) 1.0
Lane Widtl (1) 12.0
Segment Length {mi) 2.4
Toial length of analysis segment, L, 24
Length of two-lane highway upstream of the passing lane, L, 8.0
Length of passing lane including tapers, Lp] 1.1
Average travel speed, ATS, (from Directional Two-Lane Highway Segment d6.4
Worksheet}

Percent time-spent-following, PTSE; (from Directional Two-Lane Highway 65.1
Segment Worksheet)} -
Level of service!, LOS 4 (from Directional Two-Lane Highway Segment c
Worksheet}

Average Travel Speed
1Lenglh of the downstream highway segment within the effective length of

passing lane for average travel speed, L4, (Exhibit 15-23) L.79
Length of two-lane highway downstream of effective length of the passing

lane for avg travef speed, L, Ld=Lt-(Lu+Lp,+ Lge) 040
Adj. factor for the effect of passing lane on average speed, fpI {Exhibit 15- 110
28)

Average travel speed including passing tane?, ATSPI =(ATS* L)/ so1
(Lu+|-d+(l~p|"fpz)+ 2L,/11 +fp,_ ATl

Percent free flow speed including passing lane, ?FFSP, = (ATSpif FFS) 89.4
Percent Time-Spent-Following

Length of the downstream highway segment wilhin the effeclive length of

803

passing lane for percent ime-spent-following, L4, {Exhibit 15-23)

Length of two-lane highway downstream of effective length of the passing
|lane for percent-time-following, -6.73
I‘d =E'l'(i'u+ 1‘pl"' Lde)

Ad], factor for the effect of passing lane on percent lime-spent-following,
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Directional Passing Lane
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for, prsptExnibit 15-26) 0.6/
Percent ime-spent-following including passing lane, PTSFN(%) 08
PTSF = PTSFA L Lyt prgel ot (14, propif2iy L
Level of Service and Other Performance Measures?
|Level of service including passing lane LOSpl {Exhibit 15-3) B
IPeak 15-min fotal travel time, TT,(veh-h) TT,;= VMT, /ATS, 4.1
Bicycle Level of Service
Directionaf demand flow rate in outside lane, v, {(Eq. 15-24} veh/h 3438
Effective width, W, (Eq. 15-29} ft 13.00
Effective speed faclor, 8, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5.48
Bicycle level of service (Exhibif 15-4) E
Notes
1. fLOS,=F, passing lane analysis cannot be performed,
2. If Ly <0, use alternative Equation 15-18.
3. i L.4<0, use alternalive Equation 15-16.
4. vie, VMT, 5 and VMT,, are calculated on Directional Two-Lane Highway Segment Worksheet.

Copyright © 2012 University of Florida, All Rights Reserved

file:///C:/Users/dstoner/AppData/Local/Temp/s2kAAA2.tmp

HCS 2010™ Version 6.3

Generated: 521/2012 12:42 PM

5/21/2012



Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel usz
Agency or Company DOWL HKM From/To Columbia F to Hungry H EB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period PM Paak Analysis Year 2035
Project Description: US 2 Badrack Canyon Corridor Pla¥f¥B
input Data
I~ Class | highway v Class |l highway M Class Ili highway
-— Qpposing direction S
—*  Analysis direction —
Ly I—pl Lee Ld
L L Show Neeth friow
Shoulder width (ft) 1.0
Lane Width (1t} 12.0
Sepment Length (mi) 2.4
Total tength of analysis segment, L, 24
Length of two-lane highway upstream of the passing lane, L, 0.6
Length of passing lane including tapers , Lp! 0.6
Average travel speed, ATS 4 (from Directional Two-Lane Highway Segment 472
Worksheet)
Percent time-spent-following, PTSF,, (from Directional Two-Lane Highway 0
Segment Worksheet) l
Level of service!, LOS 4 (from Directional Two-Lane Highway Segment C
Worksheet)
Average Travel Speed
jLength of the downstream highway segment within the effective length of
passing lane for average travel speed, Ly, (Exhibit 15-23) L.70
tLenglh of two-lane highway downsiream of effective length of the passing
lane for avg travel speed, Ly Ly=L(L, Lo+ Lg,) o10
Adj. factor for the effect of passing lane on average speed, fp, (Exhibit 15- 110
28)
Average iravel speed including passing fane2, ATSp! =(ATSy L)}/ s0.0
(Lu+Ld+(Lp%pr,)+ (2Ldel(1+fp,_ arsh)
Percent free flow speed including passing lane, PFFSp1 = (ATSP,I FFS) 87.7
Percent Time-Spent-Followlng
Length of the downstream highway segment wilhin the effective length of
passing lane for percent ime-spent-following, L, (Exhibit 15-23) 8.4
Length of two-fane highway downstream of effective length of the passing
|!ane for percent-time-following, 644

Ly =Ll'(l‘u+ Lp1+ Lye)

Ad]. factor for the effect of passing lane on percent time-spent-following,
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Directional Passing Lane

fo1 prop{Exhibit 15-26)

Page 2 of 2

0.60

Percent time-spent-following including passing lane®, PTSFN(%)

PTSFp|= PTSF{ Lu+Ld+fm’PTSFLp1+((1 +pr',;,TSF)!Z)LU.EIJ'L1

38.0

Level of Service and Other Performance Measures?

Level of service including passing lane LOSIJI {Exhibit 15-3)

Peak 15-min total travel time, TT g(vehh) TT,;= VMT, JATS

4.0

Bicycle Level of Service

Directional demand flow rate in outside lane, Vg (EQ. 15-24) veh/n

1326

IEffeClive width, W, (Eqj. 15-20) f

13.00

IEﬁeclive speed factor, S, (Eq. 15-30)

479

IBicycle lave] of service score, BLOS (Eq. 15-31)

3.6

lBicycte tavel of service (Exhibit 15-4)

Notes

1. IFLOS ;=F, passing lane analysis cannot be performed.
2. If Ly <0, use alternative Equation 15-18.

3. If L =0, use alternative Equation 15-16.

4. vic, VMT, ¢ and VMT,, are calculated on Directional Two-Lane Highway Segment Worksheet.
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2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel Uusz
Agency or Company DOWL HKM From/To Columbia F to Hungry H WB
Date Performed 11/1572011 Jurisdiction Flathead Counly
Analysis Time Period PM Peak Analysis Year 2035
Project Description: US 2 Badrock Canyon Corridor Plac¥iiB
fnput Data
I™ Classthighway [V Classinighway T Class i highway
-— Opposing direction -
— Analysis direction —
Ly |—pl Lde Ly
.!-I Shrow Heelly Precvy
Shoulder width (ft) 1.0
Lane Width (i) 12.0
Segment Length (mi) 2.4
Total length of analysis segment, L, 24
Length of two-lane highway upstream of the passing lane, L 0.0
Length of passing lane including tapers , Lpl 1.1
Average travel speed, ATS; (from Directional Two-Lane Highway Segment 445
Worksheet)
Percent time-spent-following, PTSF 4 (from Directional Two-Lane Highway 755
Segment Worksheet)
Level of service!, LOS 4 (from Directienal Two-Lane Highway Segment D
Worksheet)
Average Travel Speed
Length of the downstream highway segment within the effective length of
passing lane for average iravel speed, L, (Exhibit 15-23) 1.70
Length of two-lane highway downslream of effective langlh of the passing
fane for avg trave speed, Lg Ly=Le(L,+Loy¢ Lyg) 049
Adj. factor for the effect of passing tane on average speed, fp, {Exhibit 15- 110
28)
Average fravel speed Including passing lana?, F’\TSpI = (ATSy Ly f 80
(Lu+Ld+(Lp,lfp,)+ (2L A1 +fp,' aralh)
Percent free flow speed including passing lane, PFFSpl = (ATSPII FFS) &7.3
Percenf Time-Spen r—FoHowing
Length of the downstream highway segment within the effective length of
passing tane for percent lime-spent-following, L g, {Exhibit 15-23) 673
[tength of two-lane highway downstream of effective length of the passing
lane for percent-time-following, _5.45
Ly :Ll‘(Lu+ Lpﬁ Lye)
Adj. factor for the effect of passing lane an percent ime-spent-following,
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fpl, prselExhibit 15-26) 061
Percent time-speni-following Including passing lane3, PTSF iJI(%)
47.6
PTSF = PTSF L+ gtl, PTSFLpI+((1+prPTSF)’ 2)LgelL
Level of Service and Other Performance Measures?
|Levef of service including passing lane LOSp] {Exhibit 15-3} B
IPeak 15-min tolal travel time, TT,5(veh-h) TT,.= Vl\r1T15f4‘°\TSpl 6.7
Bicycle Level of Service
jDirectional demand flow rate In oulside lane, v, (Eq. 15-24) vehih 539.6
Effective width, W, (Eq. 15-29) ft 13.00
Effective speed faclor, 8; (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 3.71
Bicycle levet of service (Exhibit 15-4) F
Notes
1. 4f LOS,=F, passing lane analysis cannol be performed.
2.1fL; <0, use alternative Equation 15-18.
3. 1f L 4<0, use alternative Equation 15-16.
4. vic, VMT, o and VMT, are calculated on Directional Two-Lane Highway Segment Worksheet.
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Corridor Planning Stud Improvement Options Report

Appendix 4

Operational
Analysis Worksheets

2035 3-2-3-4 Four-Lane Adjusted Annual
Average

RP142.0-RP 142.4

Direction 1 = Eastbound
Direction 2 = Westbound




MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdigtion Flathead County
Analysis Time Period AM Peak Analysis Year 2035
{Project Description  US 2 Badrock Ganyon Corridor Planning Study
I Oper{LOS) I Des. (N} I Plan. {vp)

Flow Inputs
Volume, V {veh/h) 398 Peak-Hour Factor, PHF 0.93
AADT(veh/h} %Trucks and Buses, P 6
Peak-Hour Prop of AADT {veh/d) %RVs, Py, 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHV (vehih) Grade  Length (mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
f, 1.00 Eq 2.0
E; 25 fuy 0.885
Speed Inputs Calc Speed Adj and FFS
Totat Lateral Clearance, LC (ft) 12.0 i, (mifh)
Access Poinls, A (A/mi) 0 ,

. s (mith}

Median Type, M ( (ot
FFS (measured) 60.0 ha ()
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design

Design (N}

Operational {LOS)

Required Number of Lanes, N

Flow Rate, v_(pcihfin
Speed. S ‘f ) (2;10 Flow Rate, v, {pch)
Dp(ee/, 1 (l)m ) . 0 Max Service Flow Rate (pc/hin)
il |
porm Design LOS
LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 2 of 2

|Directional demand flow rale in outside lane, vy, (Eq. 15-24) veh/n 214.0
"Effeclive width, W, (Eq. 15-29} ft 24.00
"Effective speed factor, §, (Eq. 15-30} 4.79
Bicycle fevel of service score, BLOS (Eq. 15-31) 3.21
Bicycle fevel of service (Exhibit 15-4) C
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

Operational (LOS)

Flow Rate, v {pothiin) 162
Speed, S {mifh) 60.0
D {pe/mifin) 27
LOS A

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US2
Agency or Company DOWL HKM FromiTo Columbia Falis to Hungry Horse
Date Performed 4/30/2012 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035
|Project Descriplion  US 2 Badrock Canyon Corridor Planning Study
[ Oper.{LOS) I Des. (N) [ Plan, (vp}

Flow Inputs
Volume, V {veh/h} 250 Peak-Hour Factor, PHF 0.87
AADT(vehih) %Trucks and Buses, P, )
Peak-Hour Prop of AADT {veh/d) %RVs, Pg 4
Peak-Hour Direction Prop, D General Terrain; Rolling
DDHY (vehfh) Grade  Length {mi} 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
fo 1.00 €q 20
E; 25 v 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ff) _ 12.0 fLy (Mifh)
Total Lateral Clearance, LC {ft) 12.0 f_¢ (mifh)
Access Points, A (A/mi) 0 .

, f,, (mifh)

Median Type, M i
FFS (measured) 60.0 fy (i)
Base Free-Flow Speed, BFFS FFS (milh) 60.0
Operations Design

Design (N}

Required Number of Lanes, N
Flow Rate, Vo {pcsh)

Design LOS

Max Service Flow Rate (pe/hiin)

Bicycle Level of Service
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MULTILANE OIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

|Directi0nal demand flow rate in oulside lane, v, (Eq. 15-24) vehth 143.7

“Effective width, W, (Eq. 15-29) ft 24.00

“Eﬁective speed faclor, 8, (Eq. 15-30) 4.79

"Bicycla level of service score, BLOS (Eq. 15-31) 3.00

[IBicycle level of service (Exhibit 15-4) c

Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 8.3 Generated: 6/28/2012 10:22 AM
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MULTILANE HHIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

[}

]General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Gompany DOWL HKM From/To Columbia Falis to Hungry Horse
Date Periormed 413012012 Jurisdiction Flalthead County
Analysis Time Period Median Off-Peak Analysis Year 2035
, |Project Descriplion  US 2 Badrock Canyon Corridor Planning Study
i Oper.{LOS) [ Des. (N} [ Plan, (vp)
Flow Inputs
Volume, V {vehth) 351 Peak-Hour Factor, PHF 09
AADT{veh/h) %Trucks and Buses, P, ]
Peak-Hour Prop of AADT {veh/d) %RVs, Pa 4
Peak-Hour Direction Prop, D General Terrain; Rolling
DDHV (vehih) Grade  Length (mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
f 1.00 Ex 2.0
E, 25 Ty 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW () 120 £, (i)
Total Lateral Clearance, LC (i) 12.0 fLo (mifh)
Access Points, A (A/mi) 0 .
. f, (mifh)
Median Type, M P
FFS {measured) 61.0 w ()
Base Free-Flow Speed, BFFS FFS (mifh) 61.0
Operations Design
Design (N}
Operational {LOS RGSI ‘n dNN ber of L N
Flow Rate, v_{po/hfin) 217 equired Rumber ofanes,
Soped. S P/h 600 Flow Rate, v, (pcfh)
peec, _ (i) i Max Service Flow Rate {pc/hin}
D {pe/mifin) 3.6 .
DesignLOS
LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 2 of 2

||Dlrectional demand flow rate in outside lane, v, {Eq. 16-24) veh/h 192.9

||Effecﬁve widlh, W, (Eq. 15-29) ft 24.00

"Effeclive speed factor, Sf {Eq. 15-30) 4.79

[[Bicycte level of service score, BLOS (Eq. 15-31) 315

liBicycle tevel of service (Exhibit 15-4) c
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

N

IGeneraI Information Site Information

Analyst David Stoner Highway/Direction to Travel ~ US?2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdic_;tion Flathead County
Analysis Time Period Median Off-Peak Analysis Year 2035
|Project Description  US 2 Badrock Canyon Corridor Planning Study

I OperLOS) I~ Des. (N) I™" Plan. (vp)

Flow Inputs

Yolume, V (veh/h) 306 Peak-Hour Factor, PHF 0.89
AADT{veh/h) %Trucks and Buses, Py 6
Peak-Hour Prop of AADT {veh/d) %RVs, Pp 4
Peak-Hour Direction Prop, D General Teirain: Rolling
DDHVY (veh/h) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 UpfDown % 0.00

Number of Lanes 2

Calculate Flow Adjustments

f 1.00 Er 2.0

E; 25 iy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane W|dth, LW (ﬂ) 12.0 fLW (mllh)

Total Lateral Clearance, LC (it} 12.0 £, (mil)

Access Poinls, A (Afmi) 0 .

i fy {mifh)

Median Type, M i

FFS (measured) 61.0 w (mifn)

Base Free-Flow Speed, BFFS FFS {(mifh) 61.0
Operations Design

Design (N)

Operational (LOS} Re51 .n § Number of L N

Flow Rate, v, (pc/fin) 194 equired Number of Lanes,

Speed, S (mih) 600 Flow Rate, A {pcfn)
D"eei' y i Max Service Fiow Rate (pe/vin)

I N
(pefmifin Design LOS

LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2) Page 2 of 2

Directional demand flow rate in outside lane, v, {Eq. 15-24) vehih 1719
Effective widih, W, (Eq. 15-29) f 24.00
Effective speed factor, S; {Eq. 15-30) 479
Bicycle level of service score, BLOS (Eg. 15-31) 309
Bicycle level of service (Exhibit 15-4) C
Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3 Generated: 6/28/2012 10:23 AM
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)
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MULTILANE HIGHWAYS WORKSHEET(Direction 1)

|

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US2
Agency or Company DOWL. HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdi(_:lion Flathead County
Analysis Time Period PM Peak Analysis Year 2035
[Projeci Descriplion  US 2 Badrock Canyon Corrider Planning Study
[ Oper.{LOS) I Des. (N) [ Plan. (vp}

Flow Inputs
Volume, V (veh/h} 296 Peak-Hour Factor, PHF 0.89
AADT{vehih) %Trucks and Buses, P, 8
Peak-Hour Prop of AADT (veh/d) %RVYs, Pp 4
Peak-Hour Direction Prop, D General Terrain: Relling
DDHY (vehih) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
fo 1.00 € 20
E; 25 fuy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ﬁ) 12.0 ftW (m'm)
Total Lateral Clearance, LC (fty 12.0 f. (mifh)
Access Points, A (A/mi) 0 .

i fy (mifh)

Median Type, M i
FFS (measured) 62.0 fy (mifh)
Base Free-Flow Speed, BFFS FFS (mifh) 62.0
Operations Design

Design (N)

Operationa! {LOS

Flow Rate, A {pchiln 187
Speed, S {mifh) 60.0
O (pefmifin) 3.1
LOS A

Required Number of Lanes, N
Flow Rate, A {pefh)

Design LOS

fax Service Flow Rate (po/hiin)

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1) Page 2 of 2

Directional demand Row rate in outside lane, v, {Eq. 15-24) vehih 166.3
Effective width, W, (£q. 15-20) R 24.00
Effective speed factor, §; (Eq. 15-30} 479
Bicycle level of service score, BLOS (Eq. 15-31) 3.08
Bicycle {evel of service (Exhibit 15-4) C
Copyright @ 2012 University of Florida, All Rights Reserved HCS 2010™  Version 6.3 Generated: 6/28/2012 10:23 AM
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM Fromo Columbia Falls to Hungry Horse
Date Performed 4/3012012 Jurisdiclion Flathead County
Analysis Time Period PM Peak Analysis Year 2035
[Project Description  US 2 Badrack Canyon Corridor Planning Study
[ Oper.{LOS) I™ Des. {N) [ Plan. (vp)
Flow Inputs
Volume, V (veh/h) 491 Peak-Hour Factor, PHF 09
AADT{veh/h) %Trucks and Buses, P, 8
Peak-Hour Prop of AADT (veh/d) %RVs, Py 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHV (veh/h) Grade  Length (mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
fy 1.00 Er 20
E; 25 iy 0.885
Speed Inputs Calc Speed Adj and FFS
Total Lateral Clearance, LC (ff) 12.0 f_c (i)
Access Points, A {A/mi) 0 .
) f,, (mith)
Median Type, M (i
FFS {measured} 60.0 ha (i)
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design
Design (N)

Operalional (LOS)

Flow Rate, Yy {pciiin} 204
Speed, S (mifh) 60.0
D {p¢/mifin} 5.1
LOS A

Flow Rate, A (pcfn)

Deslgn L.OS

Required Number of Lanes, N

Max Service Flow Rate (pcfhiln)

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

,Directlonal demand flow rate in outside fane, v, (Eq. 15-24) vehih 269.8

llttective widin, w, (Eq. 15-20) & 24.00

"Eﬁecﬁve speed facfor, S, (Eq. 15-30) 4.79

"Btcycie level of service score, BLOS (Eq. 15-31) 332

[[Bicycie level of service (Exhibit 15-4) C
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Corridor Planning Stud Improvement Options Report

Appendix 4

Operational
Analysis Worksheets

2035 Reverse 3-2-3-4 Peak Season
Three-Lane RP 140.0 - RP 140.6
One-Lane Eastbound
Two-Lane Westbound




Directional

Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Travel ug2

Agency or Company DOWL HKM From/To Colurnbia F to Hungry H EB
Date Performed 117162011 Jurisdiction Flathead County

Analysis Time Period AM Pesk Analysis Year 2035

Projact Description:  US 2 Badrock Canyon Corridor PlalA

Input Data
_____________ 4 Shouderwidh |
Lane width i I~ Class | highway 7 Class H
e L Lane width i o r
_____________ 1 Shoulderwidh 1 | highway Class 1l highway
Terrain I~ Level F Rolling
Segment fength, L, mi Gradelength ~mi  Up/down
Peak-hour factor, PHF 0.93
: No-passing zone 100%
Analysls direction vol., V, 791vehih Show ot Mot o Trocks and Buses , P, 6%
Oppoesing diraction vol., V, 502vehh % Recreational vehicles, P, 4%
Shoulder width ft 1.0 Access points mi 3fmi
Lane Width #t 12.0
Segment Length mi 0.6
Average Trave! Speed
Analysis Dlirection {d) Opposing Direction (o)
Passenger-car equivalents for trucks, E; (Exhibit 15-11 or 15-12} 1.3 1.8
Passenger-car equivalents for RVs, Ep, (Exhibit 15-11 or 15-13) 1.1 1.1
|Heawy-vehicle adjustment factor, v ags™ 1 (1t PREL AP (EL-1}) 0.978 0.951
Grade adjustment factor?, lg a7g (Exhibit 15-9) 1.00 0.96
Demand flow rate?, v, (pei) v=Y; / (PHF* 1, 75 * fy ats) 870 591
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 60.0 mih

Ad). for tane and shoulder width,* fi g(Exhibit 15-7) 4.2 mim
Mean speed of sample®, Sy, . s ) .
Total demand flow rate, bolh directions, v Ad]. for access points™, f, (Exhibit 15-8) 0.8 mim
Free-flow speed, FFS:SFM+0,00776(W fHV ats) {Free-flow speed, FFS (FSS=BFFS-fLS-fA) 55.0 mih
Adj. for no-passing zones, fap,aTs (Exhibit 15-15) 1.8 mih Average travel speed, ATS=FFS-0.00776(vy ayg + 418 mif

Vo.aTs! " Tnp.ats

Percent free flow speed, PFFS 759 %
Percent Time-Spont-Following

Analysis Direction (d} Opposing Birection (o)
Passenger-car equivalents for trucks, E(Exhibit 15-18 or 15-19) 1.0 i2
Passenger-car equivalents for RVs, ER {Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, fi =1/ {1+ P{E;-1)+Pg(Ep-1) ) 1.000 0.988
Grade adjustment factor!, fg'PTSF (Exhibit 15-16 or Ex 15-17) 1.00 0.96
Directional flow rate?, v{pcihy v,=Vif(PHF*!HV'PTSF* fg,PTSF) 851 569
b

Base percent time-spent-following®, BPTSF (%)=100(1-6*"4 ) 68.6
Adj. for no-passing zone, fnp‘pTSF (Exhibit 15-21) 26.4
Percent time-spent-following, PTSFd(%)=BPTSFd+f np.PTSE *Wyprse fVyprer * oid
Yo prsr)
Level of Service and Other Performance Measures
Level of sarvice, LOS (Exhibit 15-3) D
Volume to capacity ratio, v 0.52
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Capacity, Cy a5 (Equation 15-12) pch 0
Capacity, Cd,PTSF {Equalion 15-13) pc/h 1629
Percent Free-Flow Speed PFFS (Equation 15-11 - Class Ill only) 75.9
Bicycle Level of Service

Directional demand flow rale in aulside lane, Vo (Eq. 15-24) vehih 850.5
Effective width, Wv (Eq. 15-20) ft 13.00
Effective speed factor, 8, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5.94
|Bicycle level of service (Exhibit 15-4) F

Notes

downgrade segments are treated as level lerrain.

2, IFv(vy or v} »=1,700 pe/h, terminate analysis—-the LOSIs F,
3. For the analysis direction only and for v>200 vehvh.

4. For the analysls direction only

5. Exhibit 15-20 provides coefficlenis a and b for Equation 15-10.

8. Use alternalive Exhibit 156-14 if some trucks operate at crawl speeds on a spedific downgrade.

1. Note that the adjustment factor for level terrain is 1.00,as level tarrain is one of the base cenditions. For the purpose of grade adjusiment, specific

Copyright © 2012 University of Florida, All Rights Reserved HCS 2016™ Version 6.3
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DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

Ly :Li-(Lu+ Lpl+ Lye)

WORKSHEET

General Information Site Information

Analyst David Stoner Highway of Travel Uusz2
Agency or Company DOWL HKM From/To Columbia F to Hungry H WB
Pate Performed 11/15/2011 Jurisdiction Flathead Counly
Analysis Time Period AM Peak Analysis Year 2035
Projact Description: US 2 Badrock Canyen Corridor PlanY

fnput Data

r Class | highway v Class il highway ™ Class HI highway
-— Opposing direction -
—* _ Analysis direclion —
I-u Lpl Lde Ly

| L Snevs Heth Arrow
Shoulder width (ft) IR/
Lane Width {f) 120
Segment Length {mi) 0.6
Total length of analysis segment, L, 0.6
Length of two-lane highway upstream of the passing lane, L, 0.0
Length of passing fane including tapers , LPl 0.6
Average travel speed, ATS ; (from Directional Two-Lane Highway Segment 418
Worksheet)

Percent time-spent-following, PTSF 4 {from Directional Two-Lane Higlway 16
Segment Worksheet)

Level of service!, 1LOS 1 (from Directional Two-Lane Highway Segment D
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the effeclive length of

passing lane for average fravel speed, Lye (Exhibit 15-23) L7
Length of two-lane highway downstream of effective length of the passing

fane for avy travel speed, L Lerl-(Lu+Lpl+ Lyo) -1.70
Adj. factor for the effect of passing lane on average speed, fp, {Exhibit 15- I3t
28)

H i 1 2 - *

Average lravel speed including passing fane?, ATSp] = (ATSy" L)/ ot
(Lu+Ld+(Lp]!fpl)+ (2Ldel(1+fp,' arsh )

Percent free flow speed including passing lane, PF FSpI = (ATSpll FFS) §4.3
Percent Time-Spent-Following

Length of the downstream highway segment within the effective length of
[passing tane for percent time-spent-following, L, (Exhibit 15-23) 648
[Lenglh of two-lane highway downstream of effective length of the passing

fane for percent-time-following, -6.48

Ad]. factor for the effect of passing fane on percent fime-spent-following,
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pr proslExhibit 15-26) 8.61
Percent time-spent-following including passing fane?, PTSFP,(%) P
PTSFN= PTSF [ Lu+Ld+fpl,PTSFLpI+((1+pr,PTSF)"2)LdeVLl

Level of Service and Other Performance Measures?
jlevel of service including passing lane LOSp] {Exhibit 15-3) B
Peak 15-min total travel time, TT,g(veh-h) T = VMT151ATSP| 19
Bicycle Level of Service

Directional demand flow rate in outside lane, Vo1 (EqQ. 15-24) veh/h 577.0
Effective width, W, (Eq. 15-29} ft 13.00
Effective speed factor, 5, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5.74
Bicycle level of service (Exhibit 15-4} F

Notes

1. IfLOS,=F, passing lane analysis cannot be performed.
2. If L, <0, use alternative Equation 15-18.

3. If Ly<0, use alternative Equation 15-16.

4. vlc, ‘JMT1 5 and VMT,30 are calculated on Birectional Two-Lane Highway Segment Worksheet.

Copyright © 2012 University of Florida, All Rights Reserved
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Directional Page I of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Travel Us2

Agency or Company DOWL HKM From/To Columbia F to Hungry H EB

Date Performed 11/15/2011 Jurisdiction Flathead County

Analysis Time Period Median Off-Peak Analysis Year 2035

Project Descriplion:  US 2 Badrock Canyon Carridor Plaw

Input Data

{ane width

L Lane widih
L Shoulder widih

Segment length, L

Analysis direction vol,, Vy 704vehih
Opposing direction vol,, V_ &14vehth
Shoulder width ft 1.0
ilane Width ft 12.0
Segment Length mi 0.6

[ Class F highway [ Class Il
highway I~ Class It highway

Terraln [ Level 2 Rolling
Grade Length  mi Up/down
Peak-hour factor, PHF 0.91
‘ No-passing zone 100%
Showz Nt AT0¥ o; ks and Buses Pr 6%
% Recreational vehicles, P 4%
Access points mi Simi

Average Travel Speed

Analysis Direction (d) Opposing Direction (o)
Passenger-car equivalents for trucks, E; (Exhibit 15-11 or 15-12) 1.5 1.6
Passenger-car equivalents for RVs, Ep (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, va, arsc 1 (1 PrAEL-11#PL{Eg-1}) 0.967 0.962
Grade adjustment factor?, fg.ATS {Exhibit 15-9) 0.99 0.98
Demand flow rate?, v, (pe/h) v/ {PHF* rg,ATS - fHV‘ATS) 808 716
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Base free-flow speed?, BFFS 61.0 mih

Ad]. for lane and shoulder width,* f, ((Exhibit 15-7) 4.2 mih
Mean speed of sample®, S, ] iy - )
Total demand flow rate, both directions, v Adj. for access points™, f, (Exhibil 15-8) 0.8 mim
Free-flow speed, FFS=8,,+0.00776(v/ fivars) Free-flow speed, FFS (FSS=BFFS-f gfu) 58.0 mih

- -pass| ibit 15- ; A travel , ATS =FFS-0,

Adj. for no-passing zones, f,, x5 (Exhibit 15-15) 1.6 mih verage travel speed, ATS 0.00776(vy a1s * 426 mih

Vo.ATS) h fnp.ATS

Percenl free Row speed, PFFS 76.0 %

Percent Time-Spent-Following

Analysis Direclion (d) Opposing Direction (o)
Passenger-car equivalents for trucks, E;(Exhibit 15-18 or 15-19) 1.0 1.0
Passenger-car equivalents for RVs, Ep (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, f,, =1/ (1+ PHEFIWPRER-1)) 1.000 1.000
Grade adjustment factor?, fg.PTSF {Exhibit 15-16 or Ex 15-17) 1.00 0.99
|Directional flow rate?, v{pcih} \IT=V.II(PHF*FHV.F.TSF* fg}PTSF) 774 682
Base percent time-spent-following?, BPTSFd(%)=100(1-ea“’db) 67.4
Adj. for no-passing zone, fnp‘PTSF {Exhibit 15-21) 27.2
Percent fime-spent-following, PTSFd(%)=BPTSFd+f nppTsr Wy prse ! Vaprar 810
Vo,prsr)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) D
Volume to capacily ratio, v 0.46
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Capacily, Cy ats (Equation 15-12) pe/h 0
Capacily, C; pygr (Equation 15-13) pe/ 1683
Percent Free-Flow Speed PFFS {Equation 15-11 - Class Il only) 76.0
Bicycle Level of Service
iDlrectional demand flow rate in outside lane, voy (Eg. 15-24) vehvh 773.6
Effactive width, Wv (Eq. 15-29) it 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5.89
Bicycle level of service (Exhibit 15-4) F

Notes

downgrade segments are treated as level terrain.
2. fwlvyor v} >=1,700 pei, terminate analysis—the LOS is F.

3. For the analysis direclion only and for v>200 veh/h.

4. For the analysis direction only

8. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

6. Use allernative Exhibit 15-14 if some trucks operate at crawt speeds on a specific downgrade.

1. Note that the adjustment factor for level terrain Is 1.00,as level terrain is one of the base conditions. For the purpose of grade adjustment, specific

Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™  Version 6.3
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DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

Ld =['l'(l'u"' Lp1+ Lde)

WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel Uusz
Agency or Company DOWL HKM FromfTo Columbia F to Hungry H WB
Date Performed 1171572011 Jurisdiction Flathead Counly
Analysis Time Period Median Off-Peak Analysis Year 2035
IProject Description: US 2 Badrock Canyon Corridor Plat
Input Data
I™ Glass Inighway ¥ Classiihighway | Class lit highway
— Opposing direction -
—> _Analysis direction —
I-u Lpl Lde Ld
] L Stvave Heeth Arrows
Shoulder width (ft) 1o
Lane Width (it) 12.0
Segment Length (mi) .6
Total length of analysis segment, L, 0.6
Length of two-lang highway upstream of the passing lane, L, 0.0
Length of passing lang including tapers , i_,pl 0.6
Average lravel speed, ATS (from Directional Two-Lane Highway Segment 27
Worksheet)
Percent time-spent-following, PTSF  (from Directional Two-Lane Highway 72
Sepment Worksheet) '
Level of service!, LOS g {from Directional Two-Lane Highway Segment D
Worksheet)
Average Travel Speed
Length of the downstream highway segment within the effective length of
passing lane for average travel speed, Lyq (Exhibit 15-23) 1.78
Length of twe-lane highway downstream of effective length of the passing
lane for avg travel speed, L, Ld=L[-(Lu+Lp]+ Lo} 170
Adj. factor for the effect of passing lane on average speed, fpl {Exhibit 15- INT,
28}
Average travel speed Including passing lana?, ATSpl = {(ATS* L}/ .y
(Lu+Ld+(Lp'pr]}+ (2Ldef(1+fpmrs)) }
Percent free flow speed including passing lane, PFFSpI = (ATSP,I FFS) 84.7
Percent Time-Spent-Following
Length of the downstream highway segment within the effective length of
passing lane for percent ime-spent-following, L, (Exhibit 15-23) 3.7
Length of two-lane highway downstream of effective length of the passing
|iane for percent-time-following, _5.79

Adj. factor for the effect of passing lane on percent time-spent-following,
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fpl.PTSF(Exhibil 15-26) 0.61
|Percent time-spent-following including passing lane®, PTSFpl(%)
47.1
PTSFpl= PTSF Lu+Ld+fp,' PTSFLPIHU +fp,'PTSF)f2)LdellL[
Level of Service and Other Performance Measures?

[Level of service including passing lane E_OSp1 {Exhibit 15-3) B
Peak t5-min total travel time, TT 4(veh-h) TT,g= VMT151ATSP, 21
Bicycle Level of Service
Bireclional demand flow rafe in outside lane, Vo (Eq. 15-24) vehvrh 682.2
Effective width, W, (Eq. 15-29) f 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5.83
Bicycle level of service (Exhibit 15-4) F
Notes
1. ifLOS 4=F, passing fane analysis cannot be performed.

2, i L4 <0, use alternative Equation 15-18.
3. I L <0, use allernative Equation 15-16,
4. vlo, VMT,; and VMT,, are calculated on Directional Twe-Lane Highway Segment Worksheet.

Copyright © 2012 University of Florida, All Rights Reserved
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Travel usz

Agency or Company DOWL HKM Fram/To Columbia F fo Hungry H £EB

{Date Performed 1171672011 Jurisdiction Flathead County

Analysis Time Period PM Pealk Analysls Year 2035

Project Description:  US 2 Badrock Canyon Corridor Pla/

Input Data
_____________ L Shoulderwidhr " ft |
-—  Lane width it
— L Lane width it
_____________ v Shoulderwidth ____ @ |

Segment fength, £,

Analysis direction vol., V, 586vehih
Opposing direction vol,, Ve 981veh/n
Shoulder width ft 1.0

L.ane Widlh ft 12.0
Segment Length mi 0.6

© Crass | highway v Class |l
highway [ Class highway

Terrain [ Levet [ Roling
Grade Lenglh mi Up/down
Peak-hour factor, PHF 0.89
. No-passing zone 100%
Stoe NothArtowt o, 11 s and Buses Pr 6%
% Recreational vehicles, Pn 4%
Access points mi kiG]

Average Travel Speed

Analysis Diraction (d) Opposing Direction {o)
Passenger-car equivalents for frucks, E; (Exhibit 15-11 or 15-12) 1.6 1.3
Passenger-car equivalents for RVs, Eg (Exhibit 16-11 or 15-13) i1 1.1
Heavy-vehicle adjustment factor, va,ATS=1f (H+ Pr(E;-1)+PL{Ep-1}) 0.962 0.978
Grade adjustment factor!, fg_mS (Exhibit 15-9) 0.9 1.00
Demand flow rate?, v;{pc/h) vi=V, [ (PHF* fg'ATS * fHV‘ATS) 698 1127

Free-Flow Speed from Field Measurement

Estimated Free-Flow Speed

Mean speed of sample®, S,
Total demand flow rate, both directions, v
Free-flow speed, FFS=8p,+0.00776{v/ f,,, ATS )

Adj. for no-passing zones, fnp,ATS {Exhibit 15-15) 1.1 mih

Base free-flow spead?, BFFS 62.0 mim
Ad]. for lane and shoulder width,* f, ((Exhibit 15-7) 4.2 mim
Ad). for access points?, f, (Exhibit 15-8) 0.8 mim
Free-flow speed, FFS (FSS=BFFS-f o-f,) 57.0 mith
Average iravel speed, ATS =FFS-0.00776(v +

P d Vaars* i g mim
Vo.aTs) - fip.ATS
Percent free flow speed, PFFS 733 %

Percent Time-Spent-Following

Analysis Direction (d) Qpposing Direclion {0)

Passenger-car equivalents for trucks, E{Exhibit 15-18 or 15-19) 1.0 1.0
JPassenger-car equivalents for RVs, E, (Exhibit 15-18 or 15-19) 1.0 10
Heavy-vehicle adjustment factor, fi o =1/ (1+ PrEF1PR(ER-1}) 1.000 1.000
Grade adjustment factor?, fg.PTSF (Exhibit 15-16 or £x 15-17) 0.98 1.00
Directional flow rate?, v{pcih) ViEViI(PHF.fIrN,PTSF* fg.PTSF) 672 1102

b
[Base percent time-spent-following®, BPTSF ;(%)=100(1-e%Vd ) 67.8
Adj. for ne-passing zone, fnp_,]TSF (Exhibit 15-21) 20.1
Percent time-spent-following, PTSF d(%)=BPTSF d+f n0.PTSF *(vd_ prse ! VapTsr * .y
Vo pTSF)
Level of Service and Other Performance Measures
Level of service, LOS {Exhibit 15-3) D
Volume to capacily ratio, vic Q.40
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Capacity, Cy.a1s (Equation 15-12) pe/h 1663
Capacity, Cd'PTSF (Equation 15-13) pc/h 1700
Percenl Free-Flow Speed PFFS (Equation 15-11 - Class Hll only} 73.3
Bicycle Level of Service

Directional demand flow rate in outside lane, VoL (Eq. 15-24) veh/h 658.4
Effective width, Wv (Eq. 15-29) ft 13.60
Effective spead factor, S; {Eq. 15-30) 4.79
|Bioycle level of service score, BLOS (Eq. 15-31) 5.81
fBicycle level of service (Exhibit 15-4) F

Notes

downgrade segments are treated as level terrain.
2. Ifwfv, or v, ) >=1,700 pe/h, terminate analysis--the LOS is F.

3. For the analysis direction only and for v>200 vehth.

4. For the analysis direction only

5. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

6. Use alternative Exhlbit 15-14 if some trucks operate al crawl speeds on a specific downgrade.

1. Note that the adjustment factor for teve! terrain is 1.00,as level terrain is one of the base conditiens. For the purpose of grade adjustment, specific

Copyright @ 2012 University of Florida, Al Rights Reserved HCS 2010™  Version 6.3
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2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET

General Information Site Information

Analyst David Stoner Highway of Travel us2
Agency or Company DOWL HKM FromiTo Columbia F to Hungry H WB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period P Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor Pla+PB

Inpot Data

I Class highway [¥ Cass il highway I Class i highway
— Opposing direction -
— Analysis direction —
Ly Lo Lo Ly

| 4 Show Harth frsow

Shoulder width {ft) 1.0
Lane Width (ft) 12.0
Segment Length () 0.6
Total length of analysis segment, L, 0.6
Length of two-fane highway upstream of the passing tane, L, 0.0
Length of passing lane including tapers , Lpl 0.6
Average travel speed, ATS 4 {from Directional Two-Lane Highway Segment 304
Worksheet)

Percent time-spent-foltowing, PTSF | (from Directional Two-Lane Highway $9.4
Segment Worksheet) '
Level of servicel, LOS 4 (from Directional Two-Lane Highway Segment E
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the effective tength of

passing lane for average travel speed, L4e (Exhibit 15-23) L7
Length of fwo-lane highway downstream of efiective length of the passing

fane for avg travel spead, Ly Ld=Lt-(Lu+Lp|+ Ly 1.70
Ad. factor for the effect of passing fane on average speed, fp| (Exhibit 15- N1

28)

Average {ravel speed including passing lane?, ATSp, = (ATS* L/

43.8

(Lu+Ld+(Lplifp,)+ (2Ld6f(1+fpt arsh)

Percent free flow speed including passing lane, PFFSP, = (ATSp,I FFS) 79.5
Percent Time-Spent-Following
JLenglh of the downstream highway segment within the effective length of

passing lane for percent time-spent-following, L 4 {Exhibit 15-23) 360
Length of two-fane highway downstream of effective fength of the passing

lane for percent-time-following, _3.60

Ly =ty Loyt Ly

Adj. factor for ihe effect of passing lane on percent fime-spent-following,
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fp,' proelExhibit 15-26) 0.62
Percent time-spent-following including passing lane, PTSFpl(%)

554

PTSFP|= PTSF [ Lu+i.d+lp]. PTSFLp]+((1+fp,' prarl2)Lg WL

Level of Service and Other Performance Measures?
Level of service Including passing jane LOSP, {Exhibit 15-3) c
Peak 15-min tolal travel time, TTglveh-h)  TT, = VMTL,,:‘.ATSp1 3.7
Bieycle Level of Service
Directional demand flow rate in outside lane, VoL {Eq. 156-24) veh/n 1078.9
Effeclive widlh, W, (Eq. 16-28) 13.00
Effective speed factor, S; (Eq. 15-30} 4.79
Bicycle level of service score, BLOS (Eq, 15-31) 6.06
Bicycle level of sarvice (Exhibit 15-4) I
Notes
1.1 LOS,=F, passing lane analysis cannot be performed,
2.1f L, <0, use alternative Equation 15-18.
3. IfL <0, use aiternalive Equation 15-18,
4. vic, VMT, - and VMTy, are calcutated on Directional Two-Lane Highway Segment Worksheet.
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Directional Page | of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Anatyst David Stoner Highway / Direction of Trave! Usz2

Agency or Company DOWL HKM From/To Columbia F to Hungry H EB

Date Performed 11/16/2011 Jurisdiction Flathead County

Analysis Time Period AM Pealk Analysis Year 2035

Project Description:  US 2 Badrock Cenyon Corridor PlafA

input Data
_____________ 3 Shoulderwidr T " |
- Lane width p— [ Class | highway ¥ Class I
—= Lane width it . ™
3 Shoulder width it highway }  Class il highway
___________________________ Terrain I“ Level [ Rolling
Segment tength, L, mi Grade Length ~ mi  Up/down
Peak-hour factor, PHF 0.93
. No-passing zone 100%
Analysts direction vol., V, 791veh/n Shoes Horth Artow % Trucks and Buses , Py 6%
Opposing direction vol., V,, 502vehih % Recreational vehicles, P, 4%
Shoulder width # 1.0 Access points mi 3fmi
Lane Width ft i2.0
Segment Length mi 0.6
Average Travel Speed
Analysis Direclion (d) Cpposing Direction (o)
Passenger-car equivalents for trucks, E; (Exhibit 15-11 or 15-12) 1.3 1.8
Passenger-car equivalents for RVs, Ep (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment faclor, i, \rg=1 (1+ Pp(E4-1)+PL (Eg-1)) 0.978 0.951
Grade adjustment factor!, fg,ATS (Exhibit 15-9) 1.00 0.96
Demand flow rate?, v;{peh} vi=V  (PHF fg.ATs * fHV.ATS) 870 591
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 60.0 mih
Adj. for lane and shoulder width.* f, ((Exhibit 15:7) 4.2 mih
Mean speed of sample?, S, ] -y N _
Total demand fiow rate, both directions, v Adj. for access points™, fa (Exhibit 15-8) 0.8 mim
Free-flow speed, FF§=Sc,+0.00776(v/ fyy A7} Free-flow speed, FFS (FS5=BFFS-f o-f,) 55.0 mith
i § i ibit 15- i Average travel speed, ATS =FFS-0.00776(v +
Adj). for no-passing zones, £, xre (Exhibit 15-15) 1.9 mim g p 4 Vi aTs 418 mim
Voars) ~ fip.ats
Percent jree flow speed, PFFS 759 %

Percent Time-Spent-Following

Analysis Direction (d) Opposing Direction (o}

Passenger-car equivalents for trucks, E(Exhibit 15-18 or 15-19) 1.0 1.2
Passenger-car aquivatents for RVs, Ey, (Exhibit 15-18 or 15-19) 1.0 1.0
Heawy-vehicle adjustment factor, frp =11 (17 PHE-1PL{EL1) ) 1.000 0.988
Grade adjustment factor!, fg'p-rs,: {Exhibit 15-16 or Ex 15-17) 1.00 0.96
jDirectionat flow rate?, vipe/h) vEVAPHE ) prge” fg_pTSF) 851 569
Base percent lime-spent-following?, BPTSFd(%F‘FOD(‘I-eanb) 58.6

Adj. for no-passing zone, fnp'PTSF (Exhibi! 15-21) 26.4

Percent time-spent-following, PTSF d(%)=BPTSF d+! 19,PTSF *(vd' PTSF Ivd prget iy

Vo,prsr)

Level of Service and Other Performance Measures

Level of service, LOS {Exhibit 15-3) o

Volume to capacily ratio, v 0.52
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Capacity, Cd'ATS (Equation 15-12) pc/h 4]
Capacily, Cd.PTSF {Equation 15-13) pc/h 1629
Percent Free-Flow Speed PFES 4(Equation 15-11 - Class Il only} 75.8
Bicycle Level of Service
|Di{ectional demand flow rale in oulside tane, vy, (Eq. 15-24) vehvh 850.5
[Effective vidin, W (Eq. 15-29) 13.00
lEﬁective speed factor, S, (Eq. 15-30) 4.79
Bicycle leve! of service score, BLOS {Eq. 15-31) 594
Bicycle level of service (Exhibit 15-4) F
Notes

1. Note that the adjustment factor for level terrain is 1.00,as Jevel terrain fs ane of the base conditions. For the purpose of grade adjustment, specific
downgrade segments are treated as level terrain.

2. ifvfvy or v} >=1,700 pc/h, terminate analysis--the LOS is F.

3. For the analysis direclion only and for v>200 veh/h.

4. For the analysis direction only

5. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

8. Use alternative Exhibil 15-14 if some trucks operate al crawl speads on a specific downgrade.

Copyright @ 2012 University of Florida, All Righls Reserved HCS 2016™ version 6.3 Generated: 6/5/2012 1:25 PM
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information
Analyst David Stoner Highway / Direction of Travel us2
Agency or Company DOWL HKM From/To Columbia F to Hungry H WB
Date Performed 117152011 Jurisdiction Flalthead County
Analysis Time Period AM Peak Analysis Year 2035
iProjact Description:  US 2 Badrock Canyon Comidor Plan¥
fnput Data
_____________ } Sheulderwidth ~— ~ "~ "]
- Lane width i I ClassIhighway | Crass I
—a Lane width ft . ~ .
3 Shouldar width ft highway | Class It highway
————————————————————— Teirain I Levet v Rolling
Segment length, L mi Grade Length  mi Up/down
9 e Peak-hour factor, PHF 0.87
: No-passing zone 100%
Analysis direction vol., V, 502vehih ShosMorlkAMON o Trucs and Buses Py 6%
Opposing direction vol., V, 791veh/h % Recreational vehicles, P, 4%
Shoulder width ft 1.0 Access points mi 3fmi
Lane Width ft i2.0
Segment Length mi 0.6
Average Travel Speed
Analysis Direction (d) Opposing Direclion (o)

{Passenger-car equivalents for trucks, E; (Exhibit 15-11 or 15-12) 1.7 1.3
Passenger-car equivalents for RVs, Eg (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, fvars= 1 {1+ Pr(Ep-1HPL(E-1)) 0.956 0.978
Grade adjusimant factor !, fg.ATS {Exhibit 15-9) 0.97 1.00
Demand flow rate?, v, (pesh) v=V,/ (PHF* fyats ' fvars) 622 930

Free-Flow Speed from Field Measurement

Estimated Free-Flow Speed

Base free-flow speed?, BFFS 60.0 mim
4 Adj. for lane and shoulder width,* fLg(Exhibit15-7) 4.2 mih

Mean speed of sample Sey ) . . .
Total demand flow rate, both directions, v Adj. for access polnts®, fa (Exhiblt 15-8) 0.8 mim
Free-flow speed, FFS=S,+0.00776(v/ f,,y a7 ) Free-flow speed, FFS (FSS=BFFS- ¢-f,) 55.0 mim
Ad]. for no-passing zones, f,, s (Exhibit 15-15) 1.2 mim  |Average travel speed, ATS~FFS-0.00776(v, o7g + 4.8 mim

Vo.aTs! " Fip AT

Percent frae flow speed, PFFS 5.9 %
Percent Time-Spent-Following

Analysis Direction {d) Oppeosing Direction (o)
Passenger-car equivatents for trucks, E {Exhibit 15-18 or 15-19) 1.2 1.0
Passenger-car equivalents for RVs, ER, (Exhibit 15-18 or 15-19) 1.0 1.0
{Heavy-vehicle adjustment factor, =1/ (14 Pr(E-1)#Pr{Ep-T) } 0.988 1.000
Grade adjustment factor!, fg.PTSF (Exhibit 15-16 or Ex 15-17) 0.97 1.00
Directional flow rate?, v{pc/hy) ViEVAPHE Ty prge® f& PrsF) 602 209
b

Base percent ime-spant-foltowing?, BPTSF 4(%)=100(1-™"d") 61.7
Adj. for no-passing zone, F"p prse (Exhibit 156-21) 24.9
Percent time-spent-following, PTSF 4{%)=BPTSF g opprse "Vaprse [ Yaprer t 16
Yo,p1sE)
Level of Service and Other Perforinance Measures
Level of service, LOS (Exhibit 15-3) D
Volume to capacity ratio, v/c 0.35
file:///C:/Users/dstoner/AppData/Local/Temp/s2k4746.tmp 6/5/2012
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Page 2 of 2

Capacity, Cd) ats (Equalion 15-12) pc/h 1663
Capacity. Cy prgr (Equation 15-13) pc/h 1700
Percent Free-Flow Speed PFFS {Equation 15-11 - Class IH only) 75.9
Bicycle Level of Service

Directionat demand flow rate in oulside lane, Vo {Ed. 15-24) veh/h &77.0
Effective width, Wv (Eq. 15-29) ft 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 574
Bicycle level of service (Exhibit 15-4) F

Notes

downgrade segments are treated as level terrain.
2.1Fv,(v, or v ) >=1,700 pc/h, ferminate analysis--the LOS Is F,

3. For the analysis direction only and for v>200 veh/.

4. For 1he analysis direction only

5. Exhibit 15-20 provides coefficlents a and b for Equation 15-10.

8. Use allernalive Exhibit 15-14 if some trucks operate at crawl speeds on a specific dewngrade.

1. Note that the adjustment factor for level terrain is 1.00,as lavel terraln is one of the base condilions, For the purpose of grade adjustment, specific

Copyright ® 2012 University of Florida, All Rights Reserved HCS 2016™ Version 6.3
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Travel usz2

Agency or Company DoOWL HKM From/To Columbia F to Hungry H EB

Date Performed 11/15/2011 Jurisdiction Flathead County

Analysis Time Period Median Off-Peak Analysis Year 2035

Project Description: S 2 Badrock Canyen Corridor Plaw

[ ClassIhighway |V Class i
highway [ Class it highway

Terrain l“ Level [+ Rolling
Grade Length mi Up/down
Peak-hour factor, PHF 0.91
. ~ No-passing zone 100%
Show Mot ATow  of ks and Buses Py 6%

% Recreational vehicles, Pa 4%

input Data
_____________ ¥ Shoulderwidh —_ — ~ " 1t
- Lane widih it
— | Lane width ft
_____________ X Ls_llﬂllkﬁ'![_\\'lgul' ......‘_"_“““‘_“‘ﬁ'“..i_.t -
Segment length, | nt i
Analysis direction val,, V FO4vehih
Oppasing direction vol., V, 614veh/h
Shoulder width ft 1.0
Lane Width ft i2.0
Segment Length mi 0.6

Access points mi

3fmi

Average Travel Speed

Analysis Direction {d) OCpposing Direction (o)
Passenger-car equivalents for frucks, Er (Exhibit 15-11 or 15-12) 1.5 16
Passenger-car equivalents for RVs, £, (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, fp, oyo=1/ {1+ Pr{Er-1)#Po(E5-1)) 0.967 0.962
Grade adjustment factor?, fg aTg (Exhibit 15-9) 0.99 0.98
Demand flow rate?, vy (pcih} vi= V7 (PHF* fg.ATS * fHV,ATS) 808 716
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Base free-flow speed?, BFFS 81.0 mim

Adj. for lane and shoulder width,* flg{Exhibit15-7) 4.2 mih
Mean speed of sample®, S, L N _
Total demand flow rale, bath directions, v Ad]. for access points®, f, (Exhibit 15-8) 0.8 mil
Free-flow speed, FFS=S,,,+0.00776(w/ fov aTs) Free-flow speed, FFS (FSS=BFFS-f o5} 56.0 mi/h
Adj. for no-passing zones, f,., xy¢ (Exhibit 15-15) 1.6 mim  |Average travel speed, ATS =FFS-0.00776(vy o7q + 426 mih

Vo.aTS! " fop.aTs

Percent free flow speed, PFFS 76.0 %

Percent Time-Spent-Following

Analysis Direction {d) Opposing Direction {0)

Passenger-car equivalents for trucks, E(Exhibit 15-18 or 156-19} 1.0 1.0
Passenger-car equivalents for RVs, £, (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment faclor, =Y {1+ PrESIPRERD)) 1.000 1.000
Grade adjustment factor', fg_PTSF (Exhibit 15-16 or Ex 15-17) 1.00 0.9%
iDirectional flow rate?, v{pc/h) vi=V/(PHF ‘fHV’PTSF* fg.PTSF) 774 682
Base percent fime-spent-following?, BPTSF ;(%)=100(1 -ea"’db) 67.4

Ad. for no-passing zone, fnp‘PTSF (Exhibit 15-21) 27.2

Percent time-spent-following, PTSFd(%)=BPTSFd+f npPTSF “Waprse! Vaprset o1

Vo PTSE)

Level of Service and Other Performance Measures

Level of servica, LOS (Exhibit 15-3) D

Volume to capacity ratio, vic 0.46
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Page 2 of 2

Capacity, C,“_.\TS {Equation 15-12) pc/h 0
Capacity, Cd,PTSF {Equation 15-13) pco/h 1683
jPercent Free-Flow Speed PFFS (Equation 15-11 - Class I only) 76.0
Bicycle Level of Service
Directional demand flow rate in outside fane, Vo (Eq. 15-24) vehvh 773.6
Effeclive width, Wv {Eq. 15-29) ft 13.00
Effective speed factor, 5, (Eq.15-30) 4.79
|Bicycle tavel of service score, BLOS {Eq. 15-31) 5.89
IBicycIe tevel of service (Exhibit 15-4) F

Notes

downgrade segments are treated as level terrain.

2. ifwfv, o1 v,)) >=1,700 pch, terminate analysis—-the LOS is F.

3. For the analysis direction only and for v>200 veh/h.

4. For the analysis direction onty

5. Exhibil 16-20 provides coefficients a and b for Equation 15-10.

6. Use alternalive Exhibit 15-14 If some trucks operate at ¢rawl speeds on a specific downgrade.

1. Note that the adjustiment factor for level lerrain Is 1.00,as fevel terrain is one of the base conditions. For the purpose of grade adjustment, specific

Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3
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Directional Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General information Site Information
Analyst David Stener Highway / Direction of Travel us?2
Agency or Company DOWL HKM FromfTo Columbia F to Hungry H W8
Date Performed 11/16/2011 Jurisdiction Flathead County
Analysis Time Period Median Off-Peak Analysls Year 2035
Project Description:  US 2 Badrock Canyon Corridor Plaf
Input Data
“““““““““““ ¥ Shoukder wids ~— ~ ~ ~ |
Lane width S [ Class Inighway ¥ Class il
i |, Lane width it high ~ Class Ill hiak
_____________ 3 :__S_Iao_ulcni“erjvi"(_lﬂl I | ighway ass fll highway

Terrain [_ Level B Rolling

Segment tength, L mi Grade Length  mi  Up/down
4 Eal Peak-hour factor, PHF 0.90
‘ No-passing zone 100%
Analysis direction vol., Vi, 614velh Showllorhfio o, Tucks and Buses, Py 6%
Opposing direclion vol., V, 704veh/h % Recreational vehicles, Pn 4%
Shoulder width ft 1.0 Access points mi 3fmi
|Lane Width ft 12.0
Segment Length mi 0.6
Average Travel Speed
Analysis Direction (d) Opposing Directien (o)
Passenger-car equivalents for tucks, E (Exhibit 15-11 or 15-12) 1.6 1.4
Passenger-car equivatents for RVs, E; (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjuslment factor, v ats=1/ (1+ Pr{Ex-1)+PL (Eg-1)) 0.962 0.973
Grade adjustment factor?, fg arg (Exhibit 15-9) 0.98 0.99
Demand flow ratez, v, {pc/i} vi=Vi/ (PHE* fg.ATS * [HV,ATS) 724 812
Freo-Flow Speed from Fleld Measurement Estimated Free-Flow Spead
Base free-flow speed?, BFFS 61.0 mim
Adj. for lane and shoulder width, f, ((Exhiblt 16-7) 4.2 mim
Mean speed of sampie®, S, - N .
Total demand flow rate, both directions, v Ad}. for access points™, f, (Exhibit 16-8) 0.8 mim
Free-flow speed, FFS=Sp+0.00776(v/ fiy, g ) Free-flow speed, FFS (FSS=BFFS-f g-f,) 56.0 mif
Adj. for no-passing zones, fnpNS {Exhibit 15-15) 1.4 mih Average travel speed, ATS o= FF8-0.00776(v, atst £27 min
Vo,ATS) fnp,m‘s
Percent free flow speed, PFFS 76.3 %
Percent Time-Spent-Following
Analysis Direction (d) Opposing Girection (o)
Passenger-car equivalents for trucks, Eq{Exhibit 15-18 or 15-19) 1.0 1.0
{Passenger-car equivalents for RVs, Eg (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, fipn= 1 (1% PLE S 1H#PR(ER-1) ) 1.000 1.000
Grade adjustment factor?, {5 prsF (Exhibit 15-16 or Ex 15-17) 0.99 1.00
Directional flow rate?, vipc/hy vi=ViI(PHF *fHV,PTSF* !Q.PTSF) 689 782
b
Base percent {ime-spent-following?, BPTSF 4{%)=100(1-0%%d } 64.6
Adj. for no-passing zone, fp,psF (Exhibit 15-21) 27.0
Percent time-spent-foltowing, PTSF d(%)=BPTSF d+f np.PTSF *(vd‘ p1sk { Vaprar * .
Yo,pTse)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) D
Volume fo capacity ratio, wi 0.41
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Page 2 of 2

Capacily, G a7 (Equation 15-12) pch 1638
Capacily, G, prgr (Equation 16-13) pcth 1700
Percent Free-Flow Speed PFFS,(Equation 15-11 - Class Iif only) 76.3
Bicycle Levol of Service

Directional demand flow rate in outside lane, Vo) (Eq. 15-24) vehfh 682.2
Effective width, Wv {(Eq. 15-29) ft 13.00
Effective speed factor, S; {Eq. 15-30) 4.79
Bicycls level of service score, BLOS (Eq. 15-31) 5,83
Bicycle levet of service (Exhibit 15-4) F

Notes

downgrade segments are ireated as level terrain.
2. 1 vi{v, or v) >=1,700 poih, terminate analysis—the LOS is F.

3. For the analysis direclion only and for v>200 vehin,

4. For the analysis direction only

5. Exhibil 15-20 provides coefficients a and b for Equation 15-10.

8. Use alternative Exhibit 15-14 if some trucks operale at crawl speeds on a specific downgrade.

1. Note that the adjustment factor for level teirain is 1.00,as level tesrain is one of the base conditions. For the purpose of grade adjusiment, specific

Copyright © 2012 University of Florida, Al Rights Reserved HCS 2010™ version 6.3
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information
Analyst David Stoner Highway / Direction of Trave! usz
Agency or Company DOWL HKM From/To Columbia F to Hungry H EB
Date Performed 11/16/2011 Jurisdiclion Flathead Counly
Analysis Time Period PM Peak Analysis Year 2035
Project Descriptien:  US 2 Badrock Canyon Carridor Pla/
Input Data
o A Shoudor widir " "t |
n— Lane width E— ™ Class Ihighway [ Glass I
— | Lane width it . ~ .
+_Shoulder width H highway | Class lll highway
________________________ Terrain I~ Level [ Rolling
Segment length, 1, mi Grade Length ~ mi  Up/down
Peak-hour factor, PHF 0.89
- Mo-passing zone 100%
Analysis direction vol., V, 586vah/h Show Horlh 8110w o 10k and Buses | Py 6 %
Opposing direction vol., V, 981vehih % Recreational vehicles, P, 4%
Shoulder width f 1.0 Access points mi 3imi
Lane Width ft 120
Segment Length mj 0.6

Average Travel Speed

Analysis Direction {d) Opposing Direction (o)
1Passenger-car equivalents for trucks, E; (Exhibit 15-11 or 16-12) 1.6 1.3
Passenger-car equivalents for RVs, Ep; {Exhibit 15-11 or 156-13) 1.1 1.1
Heavy-vehicle adjustment faclor, fHV‘ATS=1I (1+ Po(Ep-11+P, (Ep-1)) 0.962 0.978
Grade adjustment factor’, 15.A1s (Extibit 15-9) 0.98 1.00
Demand flow rata?, v, (peh) vi=V,/ (PHF" foars ™ hvars) 698 1127
Frea-Flow Speed from Figld Measurement Estimated Free-Flow Speed

Base free-flow speed?, BFFS 62.0 mim

Adj. for lane and shoutder width,? fig(Exhibit 15-7) 4.2 mim
Mean speed of sampls?, S, ] . N _
Total demand flow rate, both directions, v Ad}. for access points™, f, (Exhibit 15-8) 0.8 mih
Free-flow speed, FFS=Sp, +0.00776(W f,, ors ) Free-flow speed, FFS (FSS=BFFS-f o-f;) 57.0 mih

i - H ibit 15- ; Average travel speed, ATS =FFS-0.00776(v +

Adj. for no-passing zones, fﬂp,}!\TS {Exhibit 15-15) 1.1 mih ge tra P d (Vg ats 41.8 mim

Vo.ATS) - fnp.ATS

Percent free flow speed, PFFS 733 %

Percent Time-Spent-Following

Analysis Direction {(d) Opposing Direclion (o)

|Passenger-car equivalents for trucks, E{Exhibit 15-18 or 15-19) 1.0 1.0
Passenger-car equivalents for RVs, Eg (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, f =1/ (1+ PpE-1)+PR(ER-1}) 1.000 1.000
Grade adjustment factor’, fq‘PTSF (Exhiblt 15-16 or Ex 15-17) 0.98 1.00
{Directional flow rale?, v{pc/h) VEVHPHE y prge” f&f,TSF) 672 1102
Base percent time-spent-following®, BPTSF (%)=100(1-0%¢") 67.8

Adj. for no-passing zone, fnp_PTSF {Exhibit 15-21) 201

Percent time-spent-following, PTSE d(%}=BPTSF d+f np.PTSF "(vd‘ PTSE IVd,PTSF + 254

Vo p1sF)

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 15-3) D

Volume to capacity ratio, vt 0.40
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Directional Page 2 of 2

Capacity, Cy 51 (Equation 15-12) pcih 1663
Capacity, C4 prge (Equation 15-13) poh 1700
Percent Free-Flow Speed PFFS (Equation 15-11 - Class 1l only) 73.3
Bicycle Level of Service

Directional demand flow rate in outside lane, VoL (E4. 15-24) vehth 658.4
Effective width, Wv (Eq. 15-28) ft 13.00
|Effecﬁve speed factor, S, (Eq. 15-30) 4,79
1Bicyc[e level of service score, BLOS (Eq. 15-31) 5.81
Bicycle level of service (Exhibit 15-4) F
Notes

1. Note that the adjustment factor for leve! terrain is 1.00,as level terrain Is one of the base conditions. For the purpose of grade adjustment, spacific
downgrade segments are ireated as level terraln,
2. fvfvg orv,) >=1,700 peih, terminate analysis—-the LOS is F,

3. For the analysis direction only and for v>200 veh/h.

4. For the analysis direction only

5. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

6. Use alternative Exhibit 15-14 if some trucks operate at crawl speeds on a specific downgrade.

Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3 Generaled: 6/5/2012 1:26 PM
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information
Analyst David Stoner Highway / Direction of Travel us2
Agency or Company DOWL HKM From/To Columbia F to Hungry H WB
Date Performed 11/15/2011 Jurisdiction Flathead Counly
Analysis Time Period PM Peak Analysis Year 2035
Project Description: US 2 Badrock Canyon Corridor PlasPB
Input Data
_____________ ¥ Sheulderwidh g |
* Lane width it I Class I highway ¥ Class i
—~ | Lane width ft . )
_____________ ¥ Shovtdorwidhs i | highway I Class 1 highway
Terrain ™ tevet ¥ Roling
S : L ; - Grade Length  mi Upfdown
egment fength. L, mt Peak-hour factor, PHF 0.91
. No-passing zone 100%
Analysis diceclion vol., V 981vehh Sow AT o Trucks and Buses, Py 6%
Opposing direction val., V, 586veh/h % Recreational vehicles, Py 4%
Shoulder width ft 1.0 Access poinis mi 3fmi
Lane Widlh # 12.0
Segment Length mi 0.6
Average Travel Speed
Analysis Direction (d} Opposing Direction {0}
Passenger-car equivalants for trucks, E (Exhibit 15-11 or 15-12} 1.3 1.7
Passenger-car equivalents for RVs, Eg, (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, fly, ,1g=1/ (14 PL(E - 1+PL(E5-1) ) 0.978 0.956
Grade adjusiment factor?, fg.ATS {Exhibit 15-8) 1.00 0.97
Demand flow rate?, v;{pe/h) v=V|/ {PHF* fg,ATS * fHV.ATS) 1102 694
Free-Flow S8peed from Fletd Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 80.0 mim
3 Adj. for lane and shoulder widlh,* fL(Exhibit 16-7) 4.2 mih
Mean speed of sample”, Sgy, i 4 -
Total demand flow rate, both directions, v Ad). for access points®., fa (Exhibit 15-8) 0.8 mih
Free-flow speed, FFS=5,.+0.00776(v/ fy ors ) Free-flow speed, FFS (FSS=BFFS- 1, 55.0 mim
Adj. for no-passing zones, f,, ars (Exhibit 15-15) 1.7 mim Average travel speed, ATS =FFS-0.00776({vy 5y * 394 mim
Vo.ats) - fop.ats
Percent free flow speed, PFFS 71.7 %

Percent Time-Spent-Following

Analysis Direction (d) Cpposing Direction (o)

Passenger-car equivalents for trucks, E(Exhibit 15-18 or 15-19) 1.0 1.0
Passenger-car equivalents for RVs, Ep (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, f,, =1/ (1+ PHE-1)+PR(ER-1)) 1.000 1.000
Grade adjustment factor!, fg prgr (Exhibit 15-18 or Ex 15-17) 1.00 0.98
Directional flow rate?, v{pein} vi=V.!I(PHF’fHVIF,TSF* fg.PTSF) 1078 657

b
Base percent time-spent-following®, BPTSF ;(%)=100(1-¢2'd ) 76.5
Adj. for ne-passing zone, fnp_PTSF {Exhibit 15-21} 20.7
Percent time-spent-following, PTSFd(%)=BPTSFd+l npPTSF *(\.rd'p.rsF / Vgprse s
Vo, PTSF)
Level of Service and Other Performance Measures
Lavel of service, LOS (Exhibit 15-3) E
Volume fo capacity ratio, v/ 0.65
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Directional Page 2 of 2

Capacity, Cd_ aTs (Eduation 15-12) peh o
Capacity, Cd‘PTSF {Equation 15-13) peth 1666
Percent Free-Flow Speed PFFS (Equatton 15-11 - Class lif only) 71.7
Bicycle Level of Service

Directional demand flow rate In outside lane, Voo (EQ. 15-24) veh/h 1078.0
Effeclive widih, Wy (Eq. 15-29) f 13.00
Efeciive speed factor, S; (Eq. 15-30) 4.79
fBicyc[e fevel of service score, BLOS (Eq. 15-31) 6.08
Bicycle level of service (Exhibit 15-4) F

Notes

1. Note that the adjusiment factor for levet terrain Is 1.00,as level terrain is one of the base conditions. For the puspose of grade adjustment, specific
downgrade segments are lreated as level terrain.

2. ifv{vg or v,) »=1,700 po/h, terminate analysis--the LOS is F.

3. For the analysis direction only and for v>200 veh/h,

4. For the analysis direction only

5. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

6. Use alternalive Exhibit 16-14 if some trucks operate at craw speeds on a specific downgrade.

Copyright @ 2012 University of Florida, All Rights Reserved HCS 2010™ version 6.3 Generated; 6/5/2012 1:28 PM

file:///C:/Users/dstonex/AppData/local/Temp/s2k6D5C.tmp 6/5/2012



Corridor Planning Stud Improvement Options Report

Appendix 4

Operational
Analysis Worksheets

2035 Reverse 3-2-3-4 Peak Season
Three-Lane RP 141.2-RP 142.0
Two-Lane Eastbound
One-Lane Westbound




Directional Passing Lane Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET
General Information |site information
Analyst David Stoner Highway of Trave) Usz2
Agency or Company DOWL HKM Frem/To Columbia F fo Hungry HEB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Tims Period AM Peak Analysis Year 2035
Project Description: /S 2 Badrock Canyon Corridor Platd
input Data

I Classihighway [ Classtinighway | Class Ill highway

- Opposing direction e
—~ Analysis direction —
Ly l-p] de Lcl
| L Stauee Hlesth Prier
Shoutder width {ft) 1.0
Lane Width (ft) 12.0
Segment Length (imi) IN,
Total length of analysis segment, L, 1.1
Length of two-lane highway upstream of the passing lane, L, 0.0
Length of passing lane including tapers, Lp1 1.1
Average (ravel speed, ATS  (from Directional Two-Lane Highway Segment 418
Worksheet)
Percent time-spent-following, PTSF  (from Directional Two-Lane Highway St
Segment Worksheet)
Level of servicel, LGS, (from Directional Two-l.ane Highway Segment B
Worksheet)
Average Travel Speed
Length of the downsiream highway segment within the effective length of
passing fane for average lravel speed, Ly, (Exhibit 15-23) 1.70
Length of two-lang highway downstream of effective length of lhe passing
lane for avg travel speed, L ; Ld=Lt'(Lu+Lpl+ Lye) -L.70
Adj. factor for the effect of passing [ane on average speed, fp] (Exhibit 15- 11l
28)
Average fravel speed including passing lane?, ATS = (ATS L)/
pl a -t d6.4
(Lu+Ld+(Lp)]fpl)+ (2L 4,71 +pr arah)
[Percent iree flow speed including passing lane, PFFSPI = (ATSpII FFS) 842
Percent Time-Spent-Following
Length of the downstream highway segment within the effective length of
464

passing lane for percent time-spent-following, Lﬂ,’3 {Exhibit 15-23}

Length of two-lane highway downstream of effective length of the passing
|lane for percent-time-following, 464
Ly =L+ LoF Ly

Adj. factor for the effect of passing lane on percent time-spent-following,
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fp|, prgrlExhibit 15-26) 0.62
Percant time-spent-following including passing lane?, PTSFP,{%)
523
PTSFpl= PTSF4l Lu+Ld+pr,PTSFLpI+((1+pr, prari2ily ity
Level of Service and Other Performance Measures?
Lavel of service Including passing lane LOSp, (Exhibit 15-3) B
Peak 15-min total travef time, TT, g(veh-h) TT, = VMTwIATSp[ 5.0
Bicycle Level of Service
|Directionai damand flow rate in outside lane, v, (Eq. 15-24) vehth 830.5
|Eﬁeclive width, W, (Eq. 156-29) ft 13.00
Effective speed factor, S; (Eq. 15-30) 4.79
Bicycle fevel of service score, BLOS (Eq. 15-31) 5.94
Bicycle level of service (Exhibit 15-4) F
Notes
1. HLOS =F, passing lane analysis cannot be performed.
2. I Ly <0, use alternativa Equation 15-18.
3. IfL <0, use allernalive Equation 15-16.
4. vle, VMT,; and VMT g, are calculated on Directional Two-Lane Highway Segment Worksheaet.
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DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information
Analyst David Stoner Highway / Direction of Travel usz
Agency or Company DOWL HKM From/to Columbia F to Hungry H WB
Date Performed T1/15/2011 Jurisdiction Flathead County
Analysis Time Period Al Peak Analysis Year 2035
Project Description: S 2 Badrock Canyon Corridor Plan¥
Input Data
_____________ 3 Shoulderwidtn — — " " gt |
Lane vidth i I~ Class| highway M classi
—e Lane vidth it ioh [~ .
_____________ ,:_S_lwgkfr_wiﬂlfi | highway Class lil highway
Terrain i‘“ Level [ Rolling
Segment length, L, mi Grade Length ~ mi _ Up/down
Peak-hour factor, PHF 0.87
‘ No-passing zone 100%
Analysis direction vol., V 502vehvh S HrlRATOW o Frycks and Buses , Py 6%
Opposing direction vol., V, 791veh % Recreational vehicles, P 4%
Shoulder width ft 1.0 Access points mi 3imi
Lane Width ft 12.0
Sagment Length mi 1.1
Average Travel Speed
Analysis Direction (d) Opposing Direction (o)
Passenger-car equivalents for trucks, Er (Exhibit 15-11 or 15-12) 1.7 1.3
Passenger-car equivalents for Rvs, Ep (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, v ars= 1 (14 PHE-N+PR{ER-1)) 0.956 0.978
Grade adjustment factor?, fy ars (Exhibit 15-9) 087 1.00
Demand flow rate?, vi{pe/) vi=V,/ (PHF* fg4 ATS 'Hv, Ats) 622 230
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 60.0 mim
Ad]. for lane and shoulder width,* f, ((Exhibit 15-7) 4.2 mim
Mean speed of sample?, S, ] 4 o .
Total demand flow rafe, both directions, v Adj. for access points®, fa (Exhibit 15.8) 0.8 mim
Free-flow speed, FFS=8, +0.00776(v/ favars) Free-flow speed, FFS (FSS=BFFS, T} 55.0 mim
- ibit 15- i Al t I speed, ATS =FFS-0.00776
Ad]. for no-passing zones, f o1 (Exhibit 15-15) 1.2 mim verage travel spee 4=FFS-0.00776(vy p1g + 4.8 mim
Vo.ats? - hip ATS
Percent free flow speed, PFFS 759 %
Percent Time-Spent-Following
Analysis Direction (d) Opposing Direction {0}
Passenger-car equivalents for trucks, E(Exhibit 15-18 or 15-19) 1.2 1.0
Passenger-car equivalents for RVs, Eg (Exhibit 15-18 or 15-19) 1.0 1.0
IHeavy-vehicle adjustment factor, fip =1 (1 Pr{Ep-1)+PR(Ex-1) ) 0.988 1.000
Grade ad]ustment factor!, [gPTSF {Exhibit 15-16 or Ex 15-17) 0.97 1.00
Directional flow rate?, v{pcrh) vi=V.rI(PHF*fHV‘PTSF* !Q'PTSF) 602 909
b
Base percent ime-spent-following®, BPTSF 4(%)=100(1-6*V4 ) 61.7
Adj. for no-passing zone, f"p.PTSF {Exhibit 15-21) 24.9
Parcenl time-spent-following, PTSFG(%};BPTSFd+[np,PTSF *Mgprse /Vaprse ¥ e
Vo,pTSF)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) D
Volume {o capacity ratio, v/ 0.35
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Capacity, Cy.ats (Equalien 15-12) poth 1663
Capacily, Cy prsr (Equation 15-13) p/h 1700
1Percent Free-Flow Speed PFFS,(Equation 15-11 - Class 1l only) 75.9
Bieycle Level of Service

Birectional demand flow rate in outside lane, Vo, {EqQ. 15-24) veh/h 577.0
Effective width, Wy (Eq. 15-29) ft 13.00
Effective speed faclor, S; (Eq. 15-30) 4.79
Bicycle fevel of service score, BLOS (Fg. 15-31) 574
{Bicycle level of service (Exhibit 15-4) F
Notes

1. Note that the adjusiment factor for level terrain is 1.00,as level tervain is one of the base condilions, For the purpose of grade adjustment, specific
downgrade segments are treated as level terrain,
2. Ifvi{v, or v} >=1,700 pchh, terminate analysis—the LOS is F.

3. For the analysis direction only and for v>200 veh/h.

4. For the analysis direction only

5. Exhibit 15-20 provides coefficlents a and b for Equation 15-10.

6. Use alternative Exhibit 15-14 if some trucks operate at craw! speads on a specific downgrade.
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2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
Goneral Information Site Information
Analyst David Stoner Highway of Travel usz
Agency or Company DOWL HKM FromiTo Columbia F fo Hungry H EB
Datle Performed 1171572014 Jurisdiction Flathead Cotunty
Analysis Time Perfod Median Off-Peak Analysis Year 2035
Project Daescription:  US 2 Badrock Canyen Corridor PlaW
input Data
" ClassIhighway [V Class Il highway | Class fif nighway
- Opposing direction -
= Analysis direction —
Ly i—pl Lao Ly
L Stroer Heeth Pecoie
Shoulder width {ft) 1.0
Lane Width (R) 12.0
Segment Length (mi) 1.1
Total length of analysis segment, L, 1.1
Length of two-lane highway upstream of the passing lane, L, a0
Length of passing lane including tapers , Lp[ 1.1
Average travel speed, ATS ; (from Directional Two-Lane Highway Segment 126
Worksheet)
Percent time-spent-following, PTSF ; (from Directional Two-Lane Highway SLY
Segment Worksheet)
Level of servicel, LOS, (from Directional Two-Lane Highway Segment D
Worksheet}
Average Travel Speed
Lenglh of the downstream highway segment within the effective length of
passing lane for average iravel speed, Ly, (Exhibit 15-23) 170
Length of two-lane highway downstream of effective length of the passing
tane for avg travel speed, L Ld=Lt'(Lu+'—p1+ Lye) -L.70
Adj. factor for the effact of passing lane on average speed, fp, {Exhibit 15- L1
28)
Average travel speed including passing lane?, ATSp, ={ATSy L)/
47.3
(Lu+[—a+(|-pr’fp|)* (2L /1 +pr Arsh)
Percent free flow speed including passing fane, PFFSpl = (ATSP,I FFS) 844
Parcent Tr‘me-Spent—Fuﬂowing
|Lenglh of the downstream highway segment within the effective length of
passing lane for percent lime-spent-foltowing, L, (Exhibit 15-23) 518
Length of two-lane highway downstream of effective length of the passing
lane for percent-time-following, _5.18
Lg =Ll Lot Lye)
Adj. factor for the effect of passing lane on percent lime-spent-fallowing,
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fo, pre(Exhibit 15-26) 0.62
Percent time-spent-following Incfuding passing fane3, PTSFpl(%) S0
PTSF = PTSF Lytbgthy prselot((1 o prsel2MgellLy
Level of Service and Other Performance Measures?
it evel of service including passing lane LOSpl {Exhibit 15-3) B
Peak 15-min total fravel time, TT;5{veh-h} 1= VMT15IATSP| 4.5
Bicycle Level of Service
Directional demand flow rate in outside Jang, VoL (E4. 15-24) vehih 773.6
Effective width, W, (Eq. 15-20) it 13.00
Effective speed factor, S, (Eq. 15-30) 479
Bicycle level of service score, BL.OS {Eq. 15-31) 5.89
Bicycle level of service (Exhibit 15-4) Fr
Notes
1. If LOS =F, passing lane analysis cannot be performed.
2. If L4 <0, use alternative Equation 15-18.
3. HL <0, use alternative Equation 15-16.
4. vfe, VMT,; and VMT,, are calculated on Directional Two-Lane Highway Segment Worksheet,
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Travel usz

Agency or Company DOWL HKM From/To Columbia F to Hungry H WB

Date Performed 11/16/2011 Jurisdiction Flathead County

Analysis Time Period Median Off-Peak Analysis Year 2035

Project Description:  US 2 Badrock Canyon Corridor Plat

Inpuf Data
""""""""""""" 4 Shoukderwidh ~ — — " |
Lane width I I Classt highway I Classt
— Lane width It . |~
3 Shoukter width M highway |~ Class Wi highway
___________ Temain ™ Level v Rolling
Segment fength, L, mi Grade Length  mi  Up/down
Peak-hour factor, PHF 0.90
: No-passing zone 100%
Analysis direction vol., Vg 614vehih Stow Horth Aot o o and Buses Pr 6%
Opposing direction vot,, V, 704vehih % Recreational vehicles, P, 4%
Shoulder width ft 1.0 Access points mi 3fmi
Lane Width ft 12.0
Segment Length mi 1.1
Average Travel Speed
Analysis Direction {d) Opposing Direction {0)
Passenger-car equivalents for trucks, £ (Exhibit 15-11 or 15-12) 1.6 1.4
Passenger-car eguivalents for RVs, Ep (Exhibit 15-11 or 15-13} 1.1 1.1
Heavy-vehicle adjustment factor, fi, a7o=1/ {1+ Pr{E;-1)#Pg (E5-1)) 0.962 0.973
Grade adjustment factor, fg_mS {Exhibit 15-9) 0.98 0.99
Demand flow rate?, v;{pch} vi=Vif (PHF* fgm.s * fHV.ATS) 724 812
Free-Flow Speed from Field Measurament Estimated Free-Flow Speed
Base free-fiow speed*, BFFS 61.0 mim
3 Ad]. for lane and shoutder width,* f g(Exhibit 15-7) 4.2 mih
Mean speed of sample™, Sg, i o4 o )
Total demand flow rate, both direclions, v Adj. for access points™, f, (Exhibit 15-8) 0.8 mih
Free-flow speed, FFS=8,,+0.00776(v/ fp 415 ) Free-flow speed, FFS (FSS=BFFS-f of,} 56.0 mim
Ad]. for no-passing zones, f,, z7¢ (Exhibit 15-15) 1.4 mih Average travel speed, ATS =FF3-0.007768(vy orq + 427 mih
Vo.ats! " frp Ars
Percent free flow speed, PFFS 763 %

Percent Time-Spent-Folfowing

Analysis Direction {d) Opposing Direction (o)
Passenger-car equivalents for frucks, E(Exhibit 15-18 or 15-19) 1.0 1.0
Passenger-car equivalents for RVs, £, (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, f, =1/ (1+ P{(E;-1)+P(Ep-1) } 1.000 1.000
Grade adjustment factor!, f.erar (Exhibit 1516 or Ex 15-17) 0.99 1.00
Directional flow rate?, v{pe/h) v=V/(PHE® HV.PTSF‘ f& pTSF) 689 782
Base percent time-spent-following?, BPTSFd(%}=100(1-aa"db) 64.6
Adj. for no-passing zone, fnp.PTSF {Exhibit 15-21) 27.0
Percent time-spent-following, PTSFd(%)=BPTSFd+f ne.pTsF Maprsr f VapTse * 72
Vo prsE)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) D
Volume to capacity ratio, we 0.41
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Capacily, Cy org (Equation 15-12) pch 1638
Capacity, Cy prop (Equation 15-13) pcth 1700
Percent Free-Flow Speed PFFS(Equation 15-11 - Class Hl only) 76.3
Bicycle Level of Service

Directional demand flow rate in outside lane, vy, (Eq. 15-24) veh/h 6822
|Effective width, Wy (Eq. 15-29) ft 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
fBicycle tevel of service score, BLOS (Eq. 15-31) £.83
Bicycle fevel of service (Exhibit 15-4) F

Notes

downgrade segiments are ireated as level terrain.
2. If w{v, or v} >=1,700 pch, terminate analysis—lhe LOS is F.

3. For the analysis direction only and for v>200 veh/h.
4. For the analysis direction only
§. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

6. Use alteralive Exhibit 15-14 if some trucks operate al crawl speeds on a specific downgrade.

1. Note that the adjustment factor for level terrain is 1.00,as level terrain Is one of the base condilions. For the purpose of grade adjustment, specific
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Directional Passing Lane Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET
General Information {site Information
Analyst David Stoner Highway of Travel usz
Agency or Company DOWL HKM Frem/To Columbia F lo Hungry H EB
Date Performed 11/16/2011 Jurisdiction Flathead County
Analysis Time Period PM Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor Pla/
Input Data

I ciassinighway T¥ Classtinighway | Class Ill highway

- Opposing direction -
—* Analysis direction —
Ly Loy Ly Ly
| L Stron Hleeh frrons
Shoulder width () 1.0
Lane With (f) 12.0
Segment Length (mi) 11
Total length of analysis segment, L 1.1
Length of two-lane highway upstream of the passing lane, L, 0.0
Length of passing Iane including tapers , Lp‘ L1
Average travel speed, ATS (from Directional Two-Lane Highway Segment 418
Worksheet)
Percent time-spent-following, PTSF 4 (from Directional Two-Lane Highway 754
Segment Worksheet)
Level of service!, LOS 4 (from Directional Two-Lang Highway Segmient D
Worksheet)
Average Travel Speed
Length of the downsfream highway segment within the effective fength of
passing lane for average fravel speed, L4q (Exhibit 15-23) L.79
ff_ength of two-lane highway downstream of effeclive length of the passing
lane for avg travel speed, | Lgmli (Lt Lye) -1.70
Adj. factor for the effect of passing lane on average speed, f'JI {Exhibit 15- i1
28)
" 2 — *
Average travel speed including passing lane?, ATSpl = (ATSy L)/ Y
(Lu+Ld+(Lmlfp!)+ (2L (1 +pr arsh)
{Percent free flow speed including passing Jane, PFFSpl = (ATSp,I FFS) 813
Percent Time-Spent-Following
Length of the downstream highway segment within the effective length of
5.92

passing lane for percent time-spent-following, Lo (Exhibit 15-23)

Length of iwo-lane highway downstream of effeclive fength of the passing
|iane for percent-time-following, _5.97
Ly le-(Lu+ I‘pl"' Lgo)

Ad). factor for the affect of passing lane on percent time-spent-following,
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foa,pro(Exhibit 15-26) 0.61
Percent time-spent-following Including passing lane’, PTSFN(%) 160
PTSF = PTSF i LytLgtfo propbart{(t o prseleily YLy

Level of Service and Other Performance Measures®

Level of service including passing fane LOSpI {Exhibit 15-3) B
Peak 15-min tolal fravet time, TT,slveh-h) T = VMT151’ATSP, 19
Bicycle Level of Service
tDirectional demand flow rate in outside lane, Vo (Eq. 15-24) vehth 658.4
Effeclive width, W, (Eq. 15-29) it 13.00
Effective speed factor, S, (Eq. 15-30) +£79
Bicycle fevel of service score, BLOS (Eq. 15-31) 5.81
Bicycle lavel of service (Exhibit 15-4) F

Notes

1. HLOS =F, passing lane analysls cannot be performed.
2, i Ly <0, use alternative Equation 15-18,

3. if L <0, use allernative Equration 15-18.

4. vie, VMT, ; and VIMTg are calculated on Directional Two-Lane Highway Segment Worksheet.
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site information

Analyst David Sfoner Highway / Direction of Travel us 2

Agency or Company DOWL HKM From/To Columbia F to Hungry H WB

Date Performed 111572011 Jursdiction Flathead County

Analysis Time Period PM Peak Analysis Year 2035

Project Description:  US 2 Badrock Canyon Corridor FlaPB

Inpul Data

foo o § Showidorwidis "R ]
-—— L Lane widlh it
—~ | Lane width It
_____________ ¥ ,._Sllﬁ_u!@r_':\'i_g[h_ __—_.....—?.I_i —
Segment [ength, L mi i

[ Class I highway V' Class i
highway [ Class Il highway

Teirain [ Level F’" Rolling
Grade Length  mi Upfdown
Peak-hour factor, PHF 0.91
: Mo-passing zone 100%
Show Harthrtow o0 1oy oes and Buses Pr 8%
% Recreational vehicles, Pp 4%
Access points mf 3fmi

Analysis direction vol., Vy 981vehih
Opposing direction vol,, Vo &86veh/h
Sheulder width ft 1.0

Lane Width ft 12.0
Segment Lenglh mi 1.1

Average Travel Speed

Analysis Direction (d)

Opposing Direction {o)

Passenger-car aquivalents for trucks, E (Exhibit 15-11 or 15-12) 1.3 1.7
Passenger-car equivalents for RVs, Ep, (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, fi, 475=1/ (14 PL(E-T)+P L {(EL-1)) 0.978 0.956
Grade adjustment factor!, [g.ATS (Exhibit 15-8) 1.00 0.97
{Demand flow rate?, v, {pc/h) vi=V,/ (PHE* f, x16* fyy o) 1102 694
Free-Flow Speed from Fleld Measurement Estimated Free-Flow Speed
Base free-flow speed4, BFFS 60.0 mih
Ad. for lane and shoulder width fig(Exhibit 15-7) 4.2 mih
Mean speed of sample®, Seu ] 4 . )
Total demand flow rate, both directions, v Adj. for access points™, f, (Exbibit 15-8) 0.8 mim
Free-flow speed, FFS=S,.,,+0.00776(v/ fvars) Frea-flow speed, FFS (FSS=BFFS- o-f,) £6.0 mih
i . i R i Average travel speed, ATS =FFS-0.00776(v +
Adj. for no-passing zones, fnp‘ATS {Exhibit 156-15) 1.7 mih ¢ P d ( dATS 39.4 mih
Voars! ~ fap aTs
Percent free flow speed, PFFS 71.7 %

Percent Time-Spent-Following

Analysis Direction (d)

Opposing Direclion {¢)

Passenger-car equivalents for trucks, £ {Exhibit 15-18 or 15-19)

1.0

1.0

Passenger-car equivalents for RVs, Ep (Exhibit 15-18 or 15-18)

1.0

i0

Heavy-vehicle adjustment factor, fp=1 (14 PT(ET~1)+PR(ER-1) )

1.000

1.000

Grade adjustment factor?, f&PTSF {Exhibit 15-16 or Ex 15-17)

1.00

0.98

{Directional flow rate?, v(peh) vEVIPHF*, oree® fo brse)

1078

657

b
Base percent time-spenl-following", BPTSFd(%)=100(1-ea"d )

76.5

Ad). for no-passing zone, fnp.PTSF (Exhibit 15-21)

20.7

Percent time-spent-following, PTSF (%)=BPTSF d+! np.p1se Vgprsr / Vyprar *

Vo PTSF)

89.4

Leve! of Service and Other Performance Measures

JLevel of sarvice, LOS (Exhibit 15-3)

0.65

{Volume to capacity ratio, v
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Capacity, Gy ats (Equation 15-12) poh ¢
Capacity, C; prgr (Equation 15-13) peh 1666
Percent Free-Flow Speed PFFS;(Equation 15-11 - Class [l only) 71.7
Bicycle Level of Service

Directional demand flow rate in ouiside lane, Vo (Eq. 15-24) vehvh 1078.0
Effective width, Wv {Eq. 15-29) & 13.00
Effective speed faclor, S, (Eq.15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 6.06
Bicycle level of service (Exhibit 15-4) F
Notes

1. Note that the adjusiment factor for leve! terrain is 1.00,as fevel terrain is one of the base conditions. For the purpose of grade adjustment, specific
downgrade segments are treated as tevel terrain.
2. ifv(vy or v} >=1,700 pe/h, terminate analysis—-the LOS is F.

3. For the analysis diraction only and for v>200 veh/h,

4. For the analysis direction only

5. Exhibil 15-20 provides coefficients a and b for Equation 15-10.

6. Use allernalive Exhibit 15-14 if soma lrucks operate at crawl speeds on a specific downgrade.
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Corridor Planning Stud Improvement Options Report

Appendix 4

Operational
Analysis Worksheets

2035 Reverse 3-2-3-4 Four-Lane Peak Season
RP 142.0-RP 142.4

Direction 1 = Eastbound
Direction 2 = Westbound




MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

]

General Information Site Information

Analyst David Stoner Highway/Direction to Travel ~ U$ 2

Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 4130/2012 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035

[Pfoject Desciiption  US 2 Badrock Canyon Corsidor Planning Study

[ Oper.{LOS) {7 Des. (N} I Plan. (vp)

Flow Inputs

Volume, V (vehih) 791 Peak-Hour Factor, PHF 0.93
AADT{veh/h) %Trucks and Buses, P; 6

Peak-Hour Prop of AADT {veh/d) %RVs, Pg 4

Peak-Hour Direction Prop, D General Terrain: Rolling

DDHV (veh/h) Grade  Length {mi) 0.00

Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2

Calculate Flow Adjustments

Iy 1.00 Eq 20

E, 2.5 fy 0.885

Speed Inputs Calc Speed Adj and FFS

Lane Width, LW (ft) 120 £, (mih)

Total Lateral Clearance, LC (ft) 12.0 £, (mifh)

Access Poinis, A (A/mi) 0 ,

fy (mifh)

Median Type, M .

FFS (measured) 80.0 v ()

Base Free-Flow Speed, BFFS FFS (mif) 600
Operations Design

Design (N)

Operational (LOS§)

Required Nurber of Lanes, N

Flow Rate, v_{pc/h/in
Speed. S f;:p ) ;3{:) Fiow Rate, vy {pci)
peec, ) (mifh) ' Max Service Flow Rate {pc/hiin)
D {pc/mifin) 8.0 )
Design LOS
LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1) Page 2 of 2

Directional demand flow rate in outside lane, v, (Eq. 15-24) veh/h 425.3

Effective width, W, (Eq. 1520} ft 24.00

Effactive speed factor, 8, (Eq. 15-30) 4.79

Bicycle [evet of service score, BLOS (Eq. 15-31) 3.55

Bicycle level of service (Exhibit 15-4) D

Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3 Generated: 6/28/2012 10:20 AM
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direclion to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 41302012 Jurisdiction Flathead Counly
Analysis Time Period AM Peak Analysis Year 2035
|Projecl Description  US 2 Badrock Canyon Corridor Planning Study
I Oper.(LOS) I Des. (N) [ Plan. (vp)

Flow Inputs
Volume, V (vehih) 502 Peak-Hour Factor, PHF 0.87
AADT(veh/h) %Trucks and Buses, P 6
Peak-Hour Prop of AADT (veh/d) %RVs, P, 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHV (veh/h) Grade  Length {mi) 0.60
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
f, 1.00 Eq 2.0
E; 25 fv 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ﬂ) 12.0 fLW (m“lh)
Total Lateral Clearance, LC (fty 120 fLc (i)
Access Points, A {A/mi) 0 .

. fy (mifh)

Median Type, M ¢ ilh
FFS (measured) 60.0 w (mifh)
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design

Design (N}
Operational (LOS Res' . S Nomber of Lanee 1
Flow Rate, v_{pc/hiin) 326 equire Number ot Lanes,
Soced. S !}h 600 Flow Rate, v, (pc/h)
Dp(ee/, " (')m ) 5 4 Max Service Flow Rate (pc/hin)

Crmifin .
P Design LOS

LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

Bicycle level of service {Exhibit 15-4)

Directional demand flow rate in oulside fane, v, (Eq. 15-24) veh/h 288.5
Effective width, W, (Eq. 15-29) ft 24.60
Effective speed factor, S, {Eq. 15-30} 479
Bicycle level of service score, BLOS (Eq. 15-31) 336
&
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

IGeneraI Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 4/30/2012 Jurisdigtion Flathead County
Analysis Time Period Median Off Peak Peak Analysis Year 2035
IProject Description  US 2 Badrock Canyon Corridor Planning Study
I Oper{LOS) [ Des. {N) [ Plan. (vp)
Flow Inputs
Volume, V {veh/h) 704 Peak-Hour Factor, PHF o
AADT{vehih} %Trucks and Buses, P, ]
Peak-Hour Prop of AADT {veh/d) %RVs, P 4
Peak-Hour Direction Prop, D General Terrain; Rolling
DDRV (vehih) Grade  Length (mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
A 1.00 Eq 20
E; 2.5 fy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Widh, LW {ft 12.0 f, (i)
Total Laterat Clearance, LC (fty 12.0 f_ (mih)
Access Points, A (A/mi) 0 .
. f, (mif)
Median Type, M -
FFS (measured) 61.0 v (W)
Base Free-Flow Speed, BFFS FFS {mifh) 61.0
Operations Design
Design (N}
Operationaf (LOS RES! .n dNN bar of L N
Flow Rate, v_ (phin) 47 aquired Number of Lanes,
Soeed. ?fh 50.0 Flow Rate, v, (po/h)
s oM . .
Dp(ee/ 'n( ) 73 Max Service Flow Rate (pc/h/in)
ifin .
pefmi) Design LOS
LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1) Page2 of 2

Direclional demand flow rale in outside lane, vy, (Eq. 15-24) veh/h 3868
Effective width, W, (Eq. 15-29) it 24.00
Effeclive speed factor, S, {Eq. 15-30) 479
Bleycle level of service score, BLOS (Eq. 15-31) 3.51
Bicycle level of service (Exhibit 15-4) D
Copyright € 2012 University of Florida, All Rights Reserved HCs 2010™ version 6.3 Generated: 6/28/2012 10:21 AM
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET (Direction 2)

]

General Information Site Information

Analyst David Stoner Highway/Direction to Travel ~ US 2

Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse

Date Performed 413012012 Jurisdig:lion Flathead County

Analysis Time Period Median Off Peak Peak Analysis Year 2035

|Projecl Description  US 2 Badrock Canyon Corridor Planning Study

I Oper{LOS) I Des. (N} [ Plan. (vp)

Flow Inputs

Volume, V (veh/h) 614 Peak-Hour Factor, PHF 0.89

AADT(vehih) %Trucks and Buses, P; 8

Peak-Hour Prop of AADT (veh/d) %RVs, Pg 4

Peak-Hour Direction Prop, D General Terraln: Rolling

DDHV (veh/h) Grade  Length {mi} 0.00

Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2

Calculate Flow Adjustments

f, 1.00 Eg 2.0

E; 25 fy 0.885

Speed Inputs Calc Speed Adj and FFS

Lane Width, LW {ft) 120 £, (mifh)

Total Lalerél Clearancfa, Loy 120 fL. (mil)

Access Peints, A (Afml) 0 .

_ £y (mifh)

Median Type, M £ milh

FFS (measured) 61.0 v (1)

Base Free-Flow Speed, BFFS FFS {mifh) 61.0

Operations Designh

Operationa! (LOS) 288@ d:N N: berof L N

Flow Rate, v_ {pefhiin) 389 oquired Humber ot Lanes,

Soped. S !:‘h 600 Flow Rate, v, (pch)

, o (m ,
Dp(eel i () ) 65 Max Service Flow Rale (pc/hiin)
iin .
bem Design LOS
LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2) Page 2 of 2

Directional demand flow rate in outside lane, v, (Eq. 16-24) veh/h 344.9
Effective widih, W, (Eq. 15-29) it 24.00
Effeclive speed factor, S, {Eq. 15-30) 479
Bicycle level of service score, BLOS (Eq. 15-31) 345
Bicycle level of service (Exhibit 15-4) C
Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ vVersion 6.3 Generated: 6/28/2012 10:21 AM
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information

Analyst David Stoner Highway/Direction to Travel ~ US 2

Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse

Date Performed 4/30/2012 Jurisdit_:lion Flathead County

Analysis Time Period PM Peak Analysis Year 2035

IPfoject Description  US 2 Badrock Canyon Corridor Planning Study

[ Oper{LOS) I~ Des. {N) [ Plan. {vp)

Flow Inputs

Volume, V (veh/h) 586 Peak-Hour Fagctor, PHF 0.89

AADT{veh/h) %Trucks and Buses, Py 6

Peak-Hour Prop of AADT (vehid) %RVs, Pp, 4

Peak-Hour Direction Prop, D General Terrain: Rolling

DDHY (vehfh) Grade  Length (mi) 0.00

Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2

Calculate Flow Adjustments

fy 1.00 Eq 20

E; 2.5 b 0.885

Speed Inputs Calc Speed Adj and FFS

Total Lateral Clearance, LC {ft} 12.0 f.c (mifh)

Access Points, A {A/mi) 0 .

i £ (mifh)

Median Type, M -

FFS (measured) 62.0 w (i}

Base Free-Flow Speed, BFFS FES (mit) 62.0

Operations Design

Operational (LOS) %ﬂi berof L "

Flow Rate, v_ (pcih/in) 379 equired Number of Lanes,

Sosed S _‘}h 500 Flow Rate, v, (pcrh)

Dpee!, " (mif) 6 2 Max Service Flow Rale (pc//in)

ifin .
(poiomin) Design LOS
LGS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1) Page 2 of 2

Directional demand flow rate in outside lane, v {Eq. 15-24) veh/h 329.2
Effective width, W, (Eq. 15-29} ft 24.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 3.42
Bicycle level of service (Exhibit 15-4) C
Copyright © 2012 University of Flerida, All Rights Reserved HCS 2010™ Version 6.3 Generaled: 6/28/2012 10:21 AM
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 41302012 Jurisdig:lion Fathead County
Analysis Time Period PM Peak Analysis Year 2035
[Projecl Description  US 2 Badrock Ganyon Corridor Planning Study
[ Oper.(LOS) I Des. (N) ™ Ptan. (vp}

Flow Inputs
Volume, V (veh/h) 981 Peak-Hour Factor, PHF 0.91
AADT{veh/h) %Trucks and Buses, P, 8
Peak-Hour Prop of AADT (veh/d) %RVs, Py 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHV {veh/h) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
f, 1.00 Er 20
E; 25 fuv 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft) 12.0 £, (mifh)
Total Later.al Clearanc?, LC(fy 12.0 fLo (i)
Access Points, A {A/mi) 0 .

f, (mif)

Median Type, M £ il
FFS (measured) 60.0 w (i)
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design

Design (N)

Operationat {LOS

Flow Rate, Vo {pe/hiiny 609
Speed, S (mifh) 60.0
D (pc/mifin} 10.1
LOS A

Required Number of Lanes, N
Flow Rate, A {pch)

Design LOS

Max Service Flow Rate (pc/hiin)

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

Directional demand flow rate in outside lane, vy, (Eq. 15-24) vehi 330.0
Effective width, W, (Eq. 15-29) it 24.00
Effective speed faclor, S; (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 3.67
D

Bicycle level of service (Exhibit 15-4)

Copyright @ 2012 University of Florida, All Rights Reserved
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Corridor Planning Stud Improvement Options Report

Appendix 4

Operational
Analysis Worksheets

2035 Reverse 3-2-3-4 Adjusted Annual
Average

Three-Lane RP 140.0 - RP 140.6
One-Lane Eastbound
Two-Lane Westbound




Directional Passing.Lane Page 1 of 2
2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET

General Information Isite Information

Analyst David Stoner Highway of Traval us2
Agency or Company DOWL HKM From/To Columbia F to Hungry H EB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035
Project Description: US 2 Badrock Canyon Corrider Plall-nB

Input Data

[ Class Ihighway V' Class lihighway | Class 1l highway
-— Opposing direction -
> Analysis direction S
Ly Lo Lge Ly
Ly Show Heth frow

Shoulder width {ft) L0
Lane Width (ft) 120
Segment Length (mi) 1.1
Total tength of analysis segment, L, L1
Length of two-fane highway upstream of the passing lane, L, 0.0
Lengih of passing lane including tapers | Lpl 1.1
Average travel speed, ATS (from Directional Two-Lane Highway Segment 453
Worksheet)

Percent time-spent-following, PTSF, (from Directional Two-Lane Highway 9.8
Segment Worksheet) .
Level of service!, LOS 4 {from Directional Two-Lane Highway Segment c
Worksheet)

Average Travel Speed

Lenglh of the downstream highway segment within the effective length of

passing lane for average fravel speed, L4e (Exhibit 15-23) 1.70
|t.ength of two-lane highway downslream of effective length of the passing

lane for avg travel speed, Ly Ly=L(L, Lo+ Lyy) 170
Adj. factor for the effect of passing lane on average speed, fp! (Exhibit 15- Lio
28)

Average trave! speed including passing lane?, ATSpl ={ATSy* L)/ 199
(Lu+Ld+(Lprpr|)+ (2L f(1 +pr Arsh)

Percent free flow speed including passing lane, PF FSN = (ATSptI FES) 20.6
Percent Time-Spent-Following

Lenglh of the downstream highway segment within the effactive length of

passing fane for percant time-spent-following, L, (Exhibit 15-23) G
Length of two-fane highway downstream of effective length of the passing

lane for percent-lime-following, -7.49

Ly =tell,* Lpl+ Lol

Adj. factor for the effect of passing lane on percent time-spent-following,

file:///C:/Users/dstoner/AppData/Local/Temp/s2kC8AS.tmp
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Directional Passing Lane

Page 2 of 2

f prsp(EXhibit 15-26) 0.61
|Percent time-spent-following including passing laned, PTSFPI(%) 26
PTSFP|= PTSF Lu+Ld+prPTSFLp|+((1 +prPTSF)"2)Ldeth

Level of Service and Other Performance Measures?

Level of service including passing lane LOSpl {Exhibit 15-3) B
Peak 15-min total fravef time, TT, ;(veh-h) TT, 5= VMT, 5IATSPI 2.4
Bicycle Level of Service

Directional demand flow rate in outside fane, Vg (Eq. 15-24) veh/h 4230
Effective widlh, W, (Eq. 15-29) & 13.00
Effeclive speed factor, S; (Eq. 15-30) 4.79
{Bicycle leve! of service score, BLOS (Eq. 15-31) 3.59
Bicycle fevel of service {Exhibit 15-4) F

Notes

1. If LOS =F, passing lane analysis cannot be performed.
2. If L4 <0, use alternative Equation 15-18.

3. If L <0, use alternative Equation 15-16.

4. vio, VMT, 5 and VIMT,, are calcutated on Directional Two-Lane Highway Segment Worksheet.

Copyright © 2012 University of Florida, All Righis Reserved
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information
Analyst David Stoner Highway / Direction of Travel usz
Agency or Company DOWL HKM From/To Columbia F to Hungry H WB
Date Performed 117152011 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035
|Project Description:  US 2 Badrock Canyon Corridor Plart
Input Data
_____________ ¥ Shoulderwidh |
- Lane width It I Class Ihighway ¥ Class I
— | Lane width It . ™ o .
_____________ T Shoulderwidth 1 | highway | - Class Ill highway
Terrain I Levet ¥ Rolling
Segment lenath, 1 mi Grade Lengih mi Upldown
4 I Peak-hour factor, PHF 087
No-passing zone 100%

Analysls direction vol., V, 250vehih Show HorthAtovt - o; Trycks and Buses Py 6%
Opposing direction vol,, V, 398vehvh % Recreationat vehicles, P, 4%
Shoulder width ft 1.0 Access points mi Sfmi
|Lane Width ft 12.0
Segment Length mi 1.1

Average Travel Speed

Analysis Direction (d) Opposing Direclion {0}
Passenger-car equivalents for trucks, E; (Exhibit 15-11 or 15-12) 2.1 1.9
Passenger-car equivalents for RVs, E (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, fiy, yrq=1/ {1+ Pr(E-1Pg{ER-1)) 0.935 0.945
Grade adjustment factor?, fa.ars (Exhibit 15-9) 0.82 0.93
[Demand flow rate?, v (pe/) vi=Vi/ (PHF* £ ors * fioy ars) 375 521
Frae-Flow Speed from Field Measurement Estimated Free-Flow Spead

Base free-flow speed*, BFFS 60.0 mimh

Adj. for lane and shoulder width,* fi g(Exhibit 18-7) 4.2 mim
Mean speed of sample®, S, _ . o )
Tolal demand flow rate, both directions, v Ad). for access points®, f, (Exhibit 15-8) 0.8 min
Free-flow speed, FFS=S¢, +0.00776(v/ fiv ats ) Free-flow speed, FFS (FSS=BFFS-fLS-fA) 85.0 mim

i - i ibit 15- i Ave {ravel speed, ATS =FFS-0.00776 +

Adj. for no-passing zones, fnpr,“s {E=xhibit 15-15} 2.3 mih verage {ravel sp d (Vya1s 458 mih

Vo.ATS) h fnp,ATS

Percent frae flow speed, PFFS 833 %

Percent Time-Spent-Following

Analysis Direction (d) Opposing Direction (o)

Passenger-car equivalents for frucks, E;(Exhibit 15-18 or 16-19) 1.7 1.4
Passenger-car equivalents for RVs, Eg (Exhibit 15-18 or 15-18) 1.0 1.0
Heavy-vehicle adjustment factor, fi,,=1/ (1+ P{{E,-1)*P(E-1}) 0.960 0977
Grade adjustment factor!, fg.PTSF {Exhibit 15-16 or Ex 15-17) 0.84 0.93
Directional flow rate?, v{pc/n) vi=ViI{F’HF*fHVPTSF* fg.PTSF) 356 504

b
Base percent time-spent-following®, BPTSF 4{%)=100(1-e™d ) 41.6
Adj. for no-passing zone, fanFJTSF {Exnhibit 15-21} 39.1
Percent time-spent-following, PTSFd(%)=BPTSFd+f np.PTSF *("'d,pTSF lvd‘PTSF + 578
Vo prsE)
Level of Service and Other Performance Meastires
Leavel of service, LOS {Exhibit 15-3) c
Volume to capacity ratio, v/ Q.22
file:///C:/Users/dstoner/AppData/Local/Temp/s2kFO9F.tmp 6/5/2012




Directional Page 2 of 2

Capacity, Cd.ATS {Equation 15-12) pe/h 1536
Capacity, Cy pygp (Equation 15-13} po/h 1613
Percent Free-Flow Speed PFFS,(Equalion 15-11 - Class 11l only) 83.3
Bicycle Level of Service

Directional demand flow rate in oulside lane, VoL (EQ. 15-24) veh/h 287.4
Effective widlh, Wy (Eq. 15-29} fit 13.00
|Eﬁeclive speed factor, S, (Eq. 15-30) 4.79
IBicycle lavel of service score, BLOS (Eq. 16-31) 8.39
lBicyc[a favel of service (Exhibit 15-4) E
Notes

1. Note that the adjuslment factor for leve! terrain is 1.00,as level terrain is one of the base conditions. For the purpose of grade adjustment, specific
downgrade segments are freated as level terrain.
2. If w{v, or v ) >=1,700 pch, terminate analysis—the LOS is F.

3. For the analysis direction only and for v>200 veh/h.

4. For the analysis direction only

5, Exhibit 15-20 provides coefficients a and b for Equation 15-10.

8. Use allernative Exhibit 15-14 if some trucks operate at crawl speeds on a specific downgrade.

Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™  version 6.3 Generated; 6/5/2012 147 PM
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Directional Passing Lane ' Page | of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel usz
Agency or Company DOWL HKM From/To Columbia F fo Hungry H EB
Date Performed 11/15/2011 Jurisdiction Flathead Counly
Analysis Time Period Median Off-Poak Analysis Year 2035
Project Dascription:  US 2 Badrock Canyon Corridor Fla(3¥B
Input Data

I Class | highway 2 Class [ highway I~ Class [l highway

-— Opposing direction —
— Analysis direction —
Ly I-p! Lge Ly
L Shaw Henh Frrow

Shoulder width (1) 1.0

Lare Width {1t} 12.0
Segment Length (mi) 1.1
Total [ength of analysis segment, L, Li
Length of twe-lane highway upstream of the passing lane, L 0.0
Length of passing lane including tapers , Lpl 1
Average trave! speed, ATS 4 (from Birectional Two-Lane Highway Segment 16.3
Worksheet)

Percent time-spent-following, PTSF ; (from Directional Two-Lane Highway 9.1
Segment Worksheet)

Level of service!, LOS 4 (from Directional Two-FLane Highway Segment c
Worksheet)

Average Travel Speed

Lenglh of the downstream highway segment within the effective length of

passing fane for average travel speed, L, (Exhibit 15-23) L.70
ELength of two-lane highway downsiream of effective tength of ihe passing

lane for avg travel speed, L, Ld=Ln'{Lu+|—p1+ Lde) -L.70
Adj. factor for the effect of passing lane on average speed, fp| (Exhibit 15- 110
28)

Average travel speed including passing lane?, ATSpl = (ATS L)/ 509
(Lu+Ld+(Lpllfp1)+ 2L /(1 +lp,' arsh)

Percent free flow speed including passing fane, PFFSpl = (ATSP]I FFS) 90.9
Percent Time-Spent-Following
1Lenglh of the downslream highway segment within the effective lenglh of

7.721

passing fane for percent time-spent-following, L4, (Exhibit 15-23)

Length of two-lane highway downsiream of effective lenglth of the passing
lane for percent-time-following, _7.71
Ly =Li'(Lu+ Lpl+ Lge)

Ad. factor for the effect of passing lane on percent time-spent-fallowing,

file:///C:/Users/dstoner/AppData/Local/Temp/s2k4D9C.tmp 6/5/2012



Directional Passing Lane

Page 2 of 2
f, prp(EXhibit 15-26) 0.61
Percent time-speni-following including passing fane®, PTSFPI(%) 22
PTSFpl= PTSF Lu+L¢+fp,I PTSFLpl+((1+pr, prsa)2ity Ly
Level of Service and Other Performance Measures”
Level of service including passing lane LOSpl {Exhibit 15-3) B
|Peak 15-min fotal travel time, TTyslveh-h)  TT .= VMT, 5;'ATSpl 2.1
Bicycle Level of Service
Directional demand flow rate in outside lane, Vor (Eq. 15-24) veh/h 385.7
Effective width, W, (Eq. 15-29) ft 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle leve! of service score, BLOS (Eq. 15-31) 5.54
Bicycle level of service (Exhibit 15-4) F
Notes
1. IfLOS =F, passing lane analysis cannot be performed.
2. IfL4 <0, use alternative Equation 15-18,
3. IfL =0, use alternalive Equation 15-18.
4. vfo, VMT ¢ and VMT, are calculated on Directional Two-Lane Highway Segment Workshest.
Copyright @ 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3 Generated: 6/5/2012 1:47 PM
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Travel us2

Agency or Company DOWL HKM From{To Columbia F to Hungry H WB

Date Performed 11/16/2011 Jurisdiclion Flathead County

Analysis Time Period Median Off-Peak Analysis Year 2035

Project Description:  US 2 Badrock Canyon Corridor Pla: 4¥8

Input Data

“““““““““““““ ¥ shoulderwigns T T T |
e Lane width it
— L Lane witdth it

_____________ v_Shoukderwidty ____ n |

Segment length, L,

Analysts direction vol., V, 306veh/h
Opposing direction vol., V, 351veh/h
Shoufder width ft 1.0

Lane Width ft 12.0
Segment Length mi 1.1

I Class 1 highway ¥ Crass i
highway | Class It highway

Terrain I Level i Rolling
Grade Length  mi Up/down
Peak-hour factor, PHF 0.89
: No-passing zone 100%
Stiow NerlBAtow of ks and Buses Py 6%
% Recrealional vehicles, P 4%
Access points mi 3imi

Average Travel Speed

Analysis Direclion {d) Oppasing Bireclion {o)
|Passenger-car equivalents for trucks, £, (Exhibit 15-11 or 15-12) 29 2.0
lPassenger~car equivalents for RVs, Eg {Exhibit 15-11 or 15-13) 1.1 11
Heavy-vehicle adjustment factor, f, arg=H (1+ Pr{EL-1#PL(Eq-T)) 0.935 0.940
Grade adjustment factor?, fglm-S (Exhibit 15-9) 0.86 0.90
Demand flow rate?, v, (0} v=V;/ (PHF* £ arg * froy ate) 428 466

Free-Flow Speed from Field Measurement

Estimated Free-Flow Speed

Mean speed of samplea, Sey
Total demand flow rate, both directions, v
Free-flow speed, FF8=8_, ,+0.00776({vw/ favars)

Adj. for no-passing zones, fnp’m.S {Exhibit 15-15) 2.7 mih

Base froa-flow speed?, BFFS 61.0 mih
Ad. for lane and shoutder widih,* fi g(Exhibit 15-7) 4.2 mim
Adj. for access poinls“, f, {Exhibit 15-8) 0.8 mih
Free-flow speed, FFS (FSS=BFFS-, o,) 56.0 mim
Avearage frave] speed, ATS =FFS-0.00776(v +

P d (Va ars 464 mim
Vo.ats! - fop aTs
Percent free flow spead, PFFS 829 %

Percent Time-Spent-Following

Analysis Direction {d) Opposing Direction {0)

Passenger-car equivalents for teucks, E;(Exhibit 15-18 or 15-19) 1.6 1.6
Fassenger-car equivalents for RVs, E (Exhibil 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, f, =1/ (1+ P{{Eq-1)+PR(E-1) ) 0.965 0.965
Grade adjustment fac!or1, 'g,PTSF (Exhibit 15-16 or Ex 15-17) 0.87 0.90
Directiona! flow rate?, v{pc/h) vi=V.[i(PHF*fHV|F,TSF* fg.PTSF) 409 454

b
Base percent time-spent-following®, BPTSF ,(%)=100(1-6™d ) 44.7
Ad]. for no-passing zone, f,, orqp (Exhibit 15-21) 43.0
Percent time-spent-following, PTSF d(%)=BPTSF d+f np.PTSF *Waprse  Vaprse * 65.1
Vo,pTsE)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) C
Volume to capacity ratio, v 0.26
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Page 2 of 2

Capacity, Cy ¢ (Equation 15-12) po/h 1494
Capacity, Cy pygr (Equation 15-13) poh 1544
Percent Free-Flow Speed PFFS {Equation 15-11 - Class Il only) 829
Bicycle Level of Service

Direclional demand flow rate in outside lane, Vo (Eq. 15-24) veh/h 343.8
Effective width, Wv (Eq. 15-29) ft 13.00
Effective speed faclor, S, {Eq. 15-30) 479
Bicycle level of service score, BLOS (Eg. 15-31) 5.48
Bicycle level of service (Exhibit 15-4) E

Notes

downgrade segments are freated as level terrain.
2. Ifvifv, or v,) >=1,700 pcfh, terminate analysis—-the LOS is F.

3. For the analysis direction only and for v>200 veh/h.
4. For the analysis direction only
5. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

6. Use alternalive Exhibit 15-14 if some trucks operate at crawl speeds on a specific downgrade.

1. Nole that the adjusiment factor for leve! terrain is 1.00,as level terrain is one of the base conditions, For the purpose of grade adjustment, specific

Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 8.3
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Directional Passing Lane Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET

General Information Site Information

Analyst David Stoner Highway of Travel us2

Agency or Company DOWL HKM |From/To Columbia F to Hungry H EB
Date Performed 114152011 Jurisdiction Flathead County
Analysis Time Period PM Paak Analysis Year 2035

|Project Description:  US 2 Badrock Canyon Corridor PlaY{¥8

Input Data

I Classihighway [ Class il highway | Class W highway

i Opposing direction -
— Analysis direction —
|—u I-|JI Lde Ly

] 'L, Shawe Neeth frsow
Shoulder widti (it} 1.0
Lane Width (fi) 12.0
Segment Length {mi) 1.7
Total length of analysis segment, L, L
Length of two-lane highway upstream of the passing fane, L, 0.0
Length of passing lane including tapers , l,p[ L1
Average travel speed, ATS, (from Directional Two-Lane Highway Segment 472
Worksheet)

Percent time-spent-following, PTSF 4 {from Directional Two-Lane Highway 0.0
Segment Worksheet)

Level of service!, LOS,; (from Directional Two-Lane Highway Segment c
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the effective length of

passing fane for average travel speed, L, (Exhibit 16-23) Lo
Length of two-lane highway downstream of effective length of the passing

lane for avg travel speed, L Ld=Lt—(Lu+Lp,+ Ly -1.70
Adj. factor for the effect of passing [ane on average speed, fIJI {Exhibit 15- 10
28)

Average travel speed including passing lane?, ATSpI = (ATSy" L)/ 51
Lyt Ly (Ll (Lo /(14D arsh) )

Percent free flow speed including passing lane, PFFSPI = (ATSP,I FFS) 21.0
Parcent Time-Spent-Following

Length of the downstream highway segment within the effective length of

8.2

|passing lane for percent time-spent-following, L, (Exhibit 15-23} 4
|Lenglh of two-lane highway downstream of effective length of the passing

lane for percent-time-following, 3.24

Lg=Lyll,* I"|'al+ Lde)

Adj. factor for the effect of passing lane on percent ime-spent-following,

file:///C:/Users/dstoner/AppData/Local/Temp/s2k2 1 5E.tmp 6/5/2012
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{pl, prsAExhibit 15-26) 0.60
Percent time-spent-folowing including passing lane®, PTSFpl(%)

36.0

PTSFPI= PTSF | Lu+Ld+fp,‘ preeha((d +fp,‘ prsr)@la L,

Level of Service and Other Performance Measures?
Level of service including passing lane LOSpi {Exhibit 15-3} 4
Peak 15-min lotat travel time, TT g(veh-h} ¥T,.= VMT, 5:'ATSpl 1.8
Bicycle Level of Service
Directional demand flow rate in outside lane, vy, (Eq. 15-24) veh/h 3326
Effeclive width, W, (Eq. 15-29) ft 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) .46
Bicycle level of service {Exhibit 15-4) E
Notes
1. K LOS,=F, passing lane analysis cannol be performed.
2. L4 <0, use aliernative Equation 15-18.
3. if1.4<0, use allernative Equation 15-16.
4. vic, VMT, ¢ and VMT, are calculated on Directional Two-Lane Highway Segment Worksheet.

Copyiight ©@ 2012 University of Florida, Afl Rights Reserved
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Travel Uys2

Agency or Company DOWL HKM From/To Columbia F to Hungry H WB

Date Performed 11/15/2011 Jurisdiction Flathead Counly

Analysis Time Pericd PM Peak Analysis Year 2035

Project Descriplion:  US 2 Badrock Canyon Corridor Plac¥4iB

Input Data

b Shoulder width it

- F Lane widih H

— [ Lane width I |
_____________ v_Shoulderwidh |

Segment fength, L,

Analysis direction vol., Vy 491vehih
Opposing direction vol, V, 296vehih
Shoulder widih ft 1.0

Lane Width ft 12.0
Segment Length mi 1.1

I~ Class | highway 7 crass
nghway | Class It highway

/ \ Terrain i Level v Roflting
Grade Length mi Up/down
Peak-hour factor, PHF 0.91
: Mo-passing zone 100%
Stowr HonlRAst0¥ of veks and Buses Pr 6%
% Recreational vehicles, P, 4%
Access points mi 3imi

Average Travel Speed

Analysis Direclion {d) Opposing Direction {0)
Passenger-car equivalents for trucks, E (Exhibit 15-11 or 15-12) 1.8 21
Passenger-car equivalents for RVs, Eg (Exhibit 15-11 or 15-13) 1.1 1.1
|Heavy-vehicle adjustment factor, fHV,ATS=” (1+ Pr{Ep-1*PR(Eg-1)) 0.951 0.935
Grade adjustment factor’, fy arg (Exhibit 15-9) 0.96 0.85
Demand flow rate?, v;{pe/hy v=V/ (PHF* fg.ATS * va,A'rs) 591 408
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 60.0 mim

Ad]. for lane and shoutder width,* fi g(Exhibit 16.7) 4.2 mih
Mean speed of sampie®, S, ] . N '
Total demand flow rale, both directions, v Adj. for access polnts™, f, (Exhibit 15-8) 0.8 mif
Free-flow speed, FFS:SFM"'D'OO776(W fvats) Free-flow speed, FFS (FSS=BFF5-f o- A) 55.0 mih
Adj. for no-passing zones, fnp,ATs {Exhibit 15-15) 28 mih Average trave! speed, ATS =F FS-0.00??S(vd atst 445 mim
Voats) - fp.aTS
Percent free flow speed, PFFS 809 %
Percent Time-Spent-Following
Analysis Direction {d) Opposing Direction (o)
Passenger-car equivalents for lrucks, Eq(Exhibit 15-18 or 16-19) 1.2 1.6
Passenger-car equivalents for RVs, £, (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment faclor, fo =1/ (1+ Pr(E-1)+P{Ep-1)) 0.988 0.965
Grade adjustment factor?, fg‘PTSF (Exhibit 15-16 or Ex 15-17) 0.96 0.86
Directional flow rate?, v{pcih) y=VAPHF "Ry, rse® fo prsr) 569 392
b
Base percent time-spent-following®, BPTSF ,(%)=100(1-e?d ) 54.1
Adj. for no-passing zone, fnp prsF (Exhibit 15-21) 36.2
jPercent time-spent-following, PTSF (%6)=BPTSF +f | oror “Myprsr / Vaprse * 255
Vo,pTSF)
Level of Service and Other Performance Measures
Level of service, LOS {Exhibit 15-3) D
Volume 10 capacity ratio, vt 0.39
file:///C:/Users/dstoner/AppData/Local/Temp/s2k6FSF.tmp 6/5/2012



Directional Page 2 of 2

Capacity, Cy srg (Equation 15-12) pein 4]
Capacity, Cy prss (Equation 15-13) po/h 1477
Percenl Free-Flow Speed PFFS (Equalion 15-11 - Class lil only) 80.9
Bicycle Leve! of Service
Directional demand flow rate In outside lane, voL (E4. 15-24) veh/h 539.6
Effective width, Wy (Eq. 15-20) ft 13.00
Effective speed factor, S; (Eq. 15-30) 4.79
Bicycie level of service score, BLOS (Eq. 15-31) 571
|Bicycle level of service (Exhibit 15-4) F
Notes

1. Note that the adjustment factor for level terrain is 1.00,as level terrain is one of the base conditions. For the purpose of grade adjustment, specific
downgrade segments are treated as level ferrain.

2. Ifv{v, or v} >=1,700 pc/h, terminate analysis--the LOS Is F.

3. For the analysis direction only and for v>200 veh/h.

4. For the analysis direction onfy

5. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

6. Use alternativa Exhibit 15-14 if some trucks operate at crawl speeds on a specific downgrade.

Copyright @ 2012 University of Florida, All Rights Reserved HCS 2010™  Version 6.3 Generaled: 6/5/2012 1:48 PM
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information
Analyst David Stoner Highway / Direction of Travel usz
Agency or Company DOWL HKM From/To Columbia F fo Hungry H EB
Date Performed 11/15/2011 Jurisdiction Flathead Counly
Analysis Time Period AM Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corrider Plall-nB
Input Data
""""""""""""" 3 Shoulderwidh " |
u Lane width I I™ Classihighway [V Ciass i
— L Lane width It . ~
3 Shoulder width 1 highway | Class It highway
——————————————————————— Temaln | Level ¥ Rolling
Segment length, L, nit Gradebenglh  mi  Upldown
Peak-hour factor, PHF 0.93
MNo-passing zone 100%
Analysis direction vol., V, 398vehvh Show ot Artot of 1o oes and Buses Py 6%
Opposing direction vol., V, 250veh/h % Recreational vehicles, Pr 4%
Shoulder width fi 1.0 Access points mi 3fmi
|Lane Widlh 12.0
Seament Length mi 0.6
Average Travel Speed
Analysis Direction (d) Opposing Direction (o)
Passenger-car equivalents for trucks, E; {Exhibit 15-11 or 16-12) 1.9 22
Passenger-car equivalents for RVs, E (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehlcle adjustment faclor, i, a7g=1/ {1+ Pr{E-1)#P (E-1}) 0.945 0.929
Grade adjustment factor?, fg.ATS (Exhibit 15-9) 0.91 0.81
Demand flow rate?, v (pefhy vi=Vi/ (PHF* fgl",\TS * fHV.ATS) 498 357
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed
Base free-flow speed4. BFFS 60.0 mih
Ad]. for lane and shoulder width,* fi g(Exhibit 15-7} 4.2 mimh
Mean spead of sample®, S, ) o N .
Total demand flow rate, both directions, v Adj. for access points, f, (Exhibit 15-8) 0.8 mith
Free-flow speed, FFS=8p+0.00776(v/ fiy o1s ) Free-flow speed, FFS (FSS=BFFS o,) 55.0 mih
. _ f - ~ : A , = 0.
Ad]. for no-passing zones, f,, are (Exhibit 15-15) 3.1 mim verage lravel spead, ATS =FFS-0.00776(vy o1 + 453 mih
Vo.ats) ~ fop.ATS
Pearcant free flow speed, PFFS 823 %

Percent Time-Spent-Following

Analysis Direction {d} Opposing Direclion (o}
Passenger-car equivalents for trucks, E(Exhibit 15-18 or 15-19) 1.4 ’ 1.7
Passenger-car equivalents for RVs, Eg (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, fi,=1/ (1+ PH{E-1)+Pg(ER-1}) 0.977 0.960
Grade adjustment factor’, fo.prse (Exhibit 15-16 or Ex 15-17) 0.92 0.83
Directional flow rate, v{pchy) VEVPHF Sy prge” fg.PTSF) 476 337
Base percent lime-spent-following?, BPTSFd(%)=100(‘F-eanb) 46.3
Ad]. for no-passing zone, f,, prge (Exhibit 15-21) 40.2
Percent time-spent-following, PTSF (%)=BPTSF #f |, orar “(Vgprsr / Vaprsr * c0.8
Vo pTsF)
Leve!l of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) c
Volume to capacity ratio, v/c 0.33
file:///C:/Users/dstoner/AppData/Local/Temp/s2kD 16C.tmp 6/5/2012



Directional Page 2 of 2

Capacity, Cd’,,\TS {Equation 15-12) pc/h ¢
Gapacity, Cd.PTSF {Equation 15-13} pcih 1428
Percent Free-Flow Speed PFFS (Equation 15-11 - Class Il only} 82.3
Bicycle Level of Service

Direclional demand flow rate In oulside lane, vy, (Eq. 16-24) vehh 428.0
Effeclive width, Wv (Eq. 15-29) ft 13.00
Effeclive speed factor, S, {Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5.59
Bicycle fevel of service {Exhibit 15-4) F
Nofes

1. Note that the adjusiment factor for tavel terrain is 1.00,as level terrain is one of the base conditions. For the purpose of grade adjustment, specific
downgrade segments are treated as level terrain.
2. ifvi{vg or v} >=1,700 pc/h, terminate analysis-the LOS is F.

3. For the analysis direction only and for v>200 veh/h,

4. For the analysis direction only

5. Exhibit 15-20 provides coefficlents a and b for Equation 15-10.

6. Use alternative Exhibit 15-14 if some frucks operate at crawl speeds on a specific downgrade.

Copyright @ 2012 University of Florida, All Rights Reserved HCS 2010™ version 6.3 Generaled: 6/5/2012 1:42 PM
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information
Analyst David Stoner Highway / Direction of Travel usz
Agency or Company DOWL HKM From/To Columbia F to Hungry H W8
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysls Year 2035
Projact Description: LIS 2 Badrock Canyon Corridor Plaii
Input Data
_____________ ¥ Shoulderwiah T T n
- Lane width ft [ Class I highway ¥ Class |l
—a= L Lane width It . r-
+_Shoulder width t highway | Class Iil highway
_______________________ Terrain I Level v Rolling
Segment tengtl, 1, mi Grade Length  mi Upfdown
Peak-hour factor, PHF 0.87
. No-passing zoneg 100%

Analysis direction vo., V, 250veh/h Show NothArtovt o, 11y ks and Buses , Py 6%
Opposing direction vol., V, 398veh/n % Recreational vehicles, Pr 4%
Shoulder width it 1.0 Access points mi 3fmi
Lane Width ft 12.0
Segment Length mi 0.6

Average Travel Speed

Analysis Birection {d) Oppoesing Direction (o)
tPassanger-car equivalents for trucks, E; (Exhibit 15-11 or 15-12) 2.1 1.9
Passenger-car equivalents for RVs, E, (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment faclor, fvars™V (14 Pr{E-1+PR (Eq-1)) 0.935 0.945
Grade adjustment factor?, fg aTg (Exhibit 16-9) 0.82 0.93
Demand flow rate?, v;{pc/} v=Vi/ (PHF" frars ™ favars) 375 521
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 60.0 mim
3 Adj. for [ane and shoulder width,4 fig(Exhibit 15-7) 4.2 mifh

{Mean speed of sample”, Spy, . N )
Total demand flow rate, both directions, v Adj. for access poinls™, f, (Exhibit 15-8) 0.8 mifh
Free-flow speed, FFS=Sy+0.00776(v/ f, a7s ) Free-flow speed, FES (FSS=BFFS-f o-f,) 55.0 mim
Adj. for no-passing zones, fanATS (Exhibit 15-15) 2.3 mih Average travel speed, ATSd=FFS'0'00776(Vd,ATs + 458 mim

Vo.ats! * fp.aTs

Parcent free flow speed, PFFS 83.3 %

Percent Time-Spent-Following

Analysis Direction (d) Cpposing Direclion {o)

JPassenger-car equivalents for trucks, E(Exhibit 15-18 or 156-19) 1.7 14
Passenger-car equivalents for RVs, E, (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, fi =1/ (1+ PHEF-1PREL-1) ) 0.960 0.977
Grade adjustment factor’, fo prr (EXhIbIL 1516 or Fx 15-17) 0.84 0.93
Directional flow rate?, v{pch) vi=VJ(PHF* HV.PTSF* fQPTSF) 356 504

: i d Of Y av b
Base percent fime-spent-following®, BPTSF 4(%)=100(1-e™d ) 41.6
Adj. for no-passing zone, fnp.PTSF (Exhibit 15-21) 39.1
Percent time-spent-following, PTSFd(%)=BPTSFd+f np.PTSF “Waprse! Vaprse t 578
Vo pTSF)
Level of Service and Other Performance Meastres
Level of service, LOS (Exhibit 15-3) Cc
Volume to capacity ratio, v 0.22
file:///C:/Users/dstoner/AppData/Local/Temp/s2kF1F6,tmp 6/5/2012
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Capacity, C,.m.rS (Equation 15-12) pch 1536
Capacity, Cd‘PTSF (Equation 15-13} pe/h 1613
Percent Free-Flow Speed PFFS;(Equalion 15-11 - Class lIf only) 833
Bicycle Level of Service

|Directional demand flow rate in outside tane, v, (Eq. 15-24) velvh 287.4
IEfi’eclive width, Wv {Eq. 15-29) ft 13.00
|E!i’eclive speed factor, S; (Eq. 16-30) 4.79
IBicycte level of service score, BLOS (Eq. 16-31) 539
1Bicycfe feve! of service (Exhibit 15-4) E
Notes

1. Nole {hat lhe adjustment factor for level terrain is 1.00,as level terrain is one of the base conditions. For the purpose of grade adjusiment, specific
downgrade segmenits are treated as level terrain.

2. 1f vy or v} >=1,700 pcih, terminale analysis--the LOS is F,

3. For the analysis direction only and for v>200 veh/m.

4. For the analysls direction only

5. Exhibit 16-20 provides coefficients a and b for Equation 15-10.

6. Use allernalive Exhibit 15-14 if some lrucks operate at crawl speeds on a specific downgrade,

Copyright ©@ 2012 University of Florida, All Rigits Reserved HCS 2010™  varsion 6.3 Generated: 6/5/2012 1:42 PM
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Travel Usz

Agency or Company DOWIL. HKM From/To Columbia F to Hungry H EB

Date Performed 11/18/2011 Jurisdiction Flathead County

Analysis Time Period Median Off-Peak Analysis Year 2035

Project Description:  US 2 Badrock Canyon Corridor Pla\3¥8

input Data

t Shoulder wicth ft
* Lane width it I Class Inighway 1% Class I
e [ Lane width tt ~
+_ Shoulder width tl highway | Class Hl highway
_________________________ Terrain I Levet 2 Rolling
Sagment length, L, mi Grade Length ~ mi  Up/down
Peak-hour factor, PHF 0.91
. No-passing zone 100%
Analysis direction vol., V, 351vehih Stiow Harih Arrow % Trucks and Buses , Py 6%
Opposing direction vol., vV 306veh/h % Recreational vehicles, P, 4%
Shoulder width ft 1.0 Access points mi 3fmi
{L.ane Widlh ft 12.0
Segment Length mi a.6

Average Travel Speed

Analysis Direction {d) Opposing Direclion {o)
Passenger-car equivalents for trucks, E; (Exhibit 15-11 or 15-12} 2.0 2.1
Passenger-car equivalents for RVs, E, (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment facior, favars= 1 (1+ PrELIHPL(E-1) ) 0.940 0.935
Grade adjustment factor!, FQ‘ATS {Exhibit 15-9) 0.89 0.86
Demand flow rate?, vy {pcihy vi=Vi 1 (PHF” Eg.m-s * fHV.ATS) 461 418
Frea-Flow Speed from Fleld Maasurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 61.0 mim
Adj. for lane and shoulder width,* f, (Exhibit 15-7) 4.2 mihk
|Mean speed of sampIea. Sy ) - o .
Total demand flow rate, both directions, v Adj. for access points®, fa (Exhibit 15-8) 0.8 mim
Free-flow speed, FFS=8,+0.00776(W fpy o ) Free-fow speed, FFS (FSS=BFFS-f f,) 56.0 mim
i - i ibit 15- 7 Average t | speed, ATS =FFS-0.00776 +
Adj. for no-passing zones, f,, srs (Exhibit 15-15) 2.9 mih age travel sp d Va aTs 46.3 mih
Vo.ats? - fup,ATs
Percent free flow speed, PFFS 826 %

Percent Time-Spent-Following

Analysis Direction (d) Opposing Direclion (o)

Passenger-car equivalents for frucks, E{Exhibit 15-18 or 15-19) 1.6 1.6
Passenger-car equivalents for RVs, Ep, (Exhibit 15-18 or 15-19) 1.0 1.0
|Heavy-vehicle adjustment factor, fi, =1/ {1+ P{{E-1)+P(Ep-1}) 0.965 0.965
Grade adjustment factor?, fg.PTSF {Exhibit 15-16 or Ex 15-17) 0.39 0.87
Directional flow rate?, v{poh) v=ViAPHF* HV.PTSF* fg'pTSF) 449 400
Base percent time-spent-foltowing?, BPTSFd(%)=100(1—ea"db) 46.1

Adj. for no-passing zane, fanPTSF (Exhibit 15-21) 43.4

Percent time-spent-following, PTSFd(%)=BPTSFd+f npPTSE Vaprse { Vaprse ¥ go.1

Vo prsE)

Level of Service and Other Performance Measures

Level of service, LOS {Exhibit 15-3) C

Volume to capacily ratio, vic 0.30
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Capacity, Cd,ATS {Equation 15-12) pcin 0
Capacity, Cd_pTSF {Equation 15-13) pc/h 1477
Percent Free-Flow Speed PFFS (Equation 15-11 - Class Hi only) 82.6
Bicycle Level of Service

Directional demand flow rale In cutside fane, vy, (Eq. 15-24) veh/h 385.7
Effective width, Wv (Eq. 15-29) ft 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 554
Bicycle level of service (Exhibit 15-4) F

Notes

downgrade segments are treated as level terrain.
2. Wyv, or v,) >=1,700 pc/, terminate analysis-the LOS Is F,

3. For the analysis direction only and for v>200 veh/h.
4. For the analysis direction anly
5. Exhibit 15-20 provides coefficients a and b for Equation 15-10,

6. Use alterative Exhibil 15-14 if some trucks operate at crawl speeds on a specific downgrads,

1. Nole that the adjustment faclor for level terrain is 1.00,as level lerrain Is one of the base conditions. For the purpose of grade adjustment, specific
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information
Analyst David Stoner Highway / Direclien of Trave) us2
Agency or Company DOWA. HKM From/To Columbia F to Hungry H WB
Bate Performed 11/15/2011 Jurisdiction Flathead Counly
Analysis Time Period Median Off-Peak Analysis Year 2035
Project Description:  US 2 Badrack Canyon Corridor Pla¥i Vi¥8
input Data
_____________ ¥ Shoulderwidh " it |
Lane widih i I Classthighway ¥ Class it
— | Lane width i ! I~ .
L Shoulder width ft highway | Class Ill highway
________________________ Temain I~ Level 9 Rolling
Segment length, 1, mi Grade Lenglh ~ mi  Up/down
Peak-hour factor, PHF 0.89
: No-passing zone 100%
Analysis direction vol., Vg 306vehih Show North 210w o, 10k and Buses Py 8%
Opposing direction vol,, V, 351vehth % Recrealional vehicles, P, 4%
Shoulder width ft 1.0 Access points m/ 3fmi
|Lane Widlh {t 12.0
Segment Length mi 06

Average Travel Speed

Mean speed of samplea, Sgp
Total demand flow rate, both directions, v

Free-flow speed, FFS=5; +0.00776(/ fiy a7s )

Adj. for no-passing zones, fﬂp,ﬁ\TS {Exhibit 15-15) 2.7 mim

Analysis Direction (d) Oppoesing Direction (o)
Passenger-car equivalents for trucks, E {(Exhibit 15-11 or 15-12) 2.1 2.0
Passenger-car equivalents for RVs, Ey, (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, fvars™1 (1 PR(Ep 1P (EL-1)) 0.935 0.94¢0
Grade adjustment factor?, fg,ATS (Exhibit 15-9) 0.86 0.90
Demand flow rate?, v, (pe) V=V ! (PHF* {1 * fiay are) 428 466
Free-Flow Speed from Fleld Measurement Estimated Free-Flow Speed
Base free-flow speed?, BFFS 61.0 mim

Adj. for lane and shoulder width,? fLg(Exhibit 15-7y 4.2 mifk
Adj. for access poin!s“. f, (Exhibit 15-8} 0.8 mih
Free-flow speed, FFS (FSS=BFFSf o) 86.0 mih
Average travel speed, ATS =FFS-0.60776(v +

9 P 4 Yonts* ot mim
Vo,ATS) ) fnp.J’\TS
Percent free flow speed, PFFS 829 %

Percent Time-Spent-Following

Analysis Direction (d} Opposing Direction {0}

Passenger-car equivalents for trucks, Ej{Exhibit 15-18 or 15-19) 1.6 1.6
Passenger-car equivalents for RVs, £, (Exhibit 15-18 or 15-19} 1.0 1.0
Heavy-vehicle adjustment factor, f =1/ (1 P{E-1}#Pp(ERp-1) ) 0.965 0.965
Grade adjustment factor, fg_pTSF {Exhibit 15-16 or Ex 15-17) 0.87 0.90
Directional flow rate?, vi{peih) v=VAPHE ’fHV'pTSF* fg’PTSF} 409 454

‘ i inad 04 \= avp
Base percent time-spent-following®, BPTSF ;(%)=100{1-%'d ) 44.7
Adj. for no-passing zone, fan,,TSF {Exhibit 15-21} 43.0
Percent time-spent-following, PTSF d(%)=BPTSF d+f A5,PTSE *(vd prsk ! Vapree 651
Vo PTSF)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) C
Volume to capacity ratio, v/ic 0.26
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Page 2 of 2

Capacily, Cy arg (Equation 15-12) pe/h 1494
Capacily, C; prgr (Equation 15-13) po/h 1644
Percent Free-Flow Speed PFFS (Equation 15-11 - Class Il only) 82.8
Bicycle Level of Service

Directional demand flow rate in autside lane, v, (Eq. 15-24) veh/h 343.8
Effective width, Wv (Eq. 15-29) ft 13.00
|Eﬂeciive speed factor, S, (Eq. 15-30) 4.79
lBicycIe fevaf of service score, BLOS (Eq. 15-31) 5,48
Bicycle leveal of service (Exhibit 15-4) [

Notes

downgrade segments are lreated as level terrain.
2, lf\r,(\.rd orv,}>=1,700 pch, terminate analysis—-the LOS is F.

3. For the analysis direction only and for v»>200 veh/h.
4. For the analysis direction only
5. Exhibit 15-20 provides coefficienis a and b for Equation 15-10.

6. Use allemalive Exhibit 15-14 if some trucks operate al crawl speeds on a specific downgrade,

1. Note that the adjustment factor for level terrain Is 1.00,as level terrain is one of the base conditions. For the purpose of grade adjustment, specific
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

Genoral Information Site Information

Analyst David Stoner Highway / Birection of Trave! usz

Agency or Company DOWL HKM From/To Columbia F to Hungry H EB

Date Performed 11/15/2011 Jurisdiction Flathead County

Analysis Time Period PM Peak Analysis Year 2035

Project Description:  US 2 Badrock Canyon Corridor PlaY{¥B

Input Data

E Shoulder width ft

e b Lane width ft

e . Lane widlh tt
_____________ v Shoutderwidth ___ ft |

Segment length, |,

Analysis direction vol., V4 296vehfh
Opposing direction vol,, V, 491vehih
Shoulder width ft 1.0
{Lane Width ft 12.0
Segment Length mi 0.6

i Class I highway [ Class I
highway |~ Class Ill highway

Terrain I Level g Rolling
Grade Length  mi Upfdown
Peak-hour factor, PHF 0.89
. No-passing zone 100%
Show HonhAstow o 7 ovs and Buses Py 6%

4%
3fmi

% Recreational vehicles, Pr
Accass points mi

Average Travel Speed

Mean speed of sample?, Sen
Total demand flow rate, both directions, v
Free-flow speed, FFS=8,+0.00776(v/ fHV,ATS )

Adj. for no-passing zones, f_ \1q (Exhibit 15-15) 1.9 mih

Analysis Direction (d} Opposing Direclion (o}

Passenger-car equivalents for lrucks, E (Exhibit 15-11 ar 15-12) 2.1 1.7
Passenger-car equivalents for RVs, E, (Exhibit 15-11 o5 15-13) 1.1 i1
Heavy-vehicle adjustment factor, fiy, a75=1/ (1+ P (Ep-1#+Po (ER 1)) 0.935 0.956

Grade adjustment factor, f ars (Exhibit 15-9) 0.85 0.96

Demand Now rate?, v; (pcih) vi=Vi / (PHF* fg,ATS * va,ATs) 418 601

Free-Flow Speed from Fleld Measurement Estimated Free-Flow Speed
|Base free-flow speed?, BFFS 62.0 mim

Adj. for lane and shoulder width,* f o(Exhibit 15-7) 4.2 mim
Ad). for access points?, [, {Exhibil 15-8) 0.8 mim
Free-flow speed, FFS {FSS=BEFS o-1,) §7.0 mih
Average travel speed, ATS ;=FFS-0.00776{v, +

4 Yaars* 472 mim
Vo.ats! - fap ats
Percent free flow speed, PFFS 827 %

Percent Time-Spent-Following

Analysis Direction (d} Opposing Direction (o}
Passenger-car equivalents for trucks, E(Exhibit 16-18 or 15-19) 1.6 1.2
Passenger-car equivalents for RVs, Ep, (Exhibit 15-18 or 16-19) 1.0 1.0
JHeavy-vehicle adjustment factor, f =1/ (1+ PH{E-1HP{E-1)) 0.965 0.988
Grade adjustment factor!, fg_pTSF (Exhibit 15-16 or Ex 15-17) 0.87 0.97
Directional flow rate2, v{pe/h) v,=V.rI(PHF‘fHVPTSF* f& PTSE) 396 576
Base percent fime-spent-following®, BPTSFd(%)=100(1-ea"db) 45.3
Adj. for no-passing zcne, lanPTSF {Exhibit 15-21) 36.0
Percent time-spent-foflowing, PTSF (%)=BPTSF #f \ oo “(Vyprar / Vyprar * 50.0
Vo,pT5F)
Level of Service and Other Performance Measures
Level of service, 1.OS (Exhibit 16-3) c
Volume to capacity ratio, v 0.24
file:///C:/Users/dstonet/AppData/Local/Temp/s2kD514.tmp 6/5/2012



Directional Page 2 of 2

Capacily, C; a1 (Equation 15-12) pch 1576
Capacity, C; prgr (Equation 15-13) pe/h 1629
Parcent Free-Flow Speed PFFS (Equation 15-11 - Class HI only) 82.7
Bicycle Level of Service

Directional demand flow rate in outside lans, Voo (Eq. 15-24) veh/h 33286
Effective width, Wwv (Eq. 15-28) ft 13.00
Effective speed factor, S, (Eg. 15-30) 4.79
Bicycle level of service score, BLOS {Eq. 15-31) 5486
Bicycle lavel of service {Exhibit 15-4} E
Notes

1. Note that (he adjustment factor for level terrain is 1.00,as level terrain is one of the base conditiens. For the purpose of grade adjustment, specific
downgrade segments are freated as level terrain.

2. i ylvy or v} >=1,700 pch, terminate analysis--the LOS is F.

3. For the analysis direction enly and for v>200 velvh,

4., For the analysis direction only

5. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

6. Use allernative Exhibit 15-14 if some trucks operafe af crawl speeds on a specific downgrade.

Copyright @ 2012 University of Florida, All Righis Reserved HCS 2010™ Version 6.3 Generated: 6/5/2012 143 PM
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Stoner Highway / Direction of Travel usz

Agency or Company DOWL HKM From/To Columbia F to Hungry H WB

Date Performed 11/15/2011 Jurisdiction Flathead County

Analysis Time Period PM Peak Analysis Year 2035

Project Description:  US 2 Badrock Canyon Corridor Plac¥4i8

Input Dafa
_____________ ¥ Shouldeswidts T " |
— Lane width i
— | Lane width i
_____________ v _Shoulderwidth 1 |

nighway | Class Ill highway

™ Class Inighway [ Class I

Segment length, L,

Analysis direction vol,, Vd 497vehth
Opposing direction vol., V,, 286veh/h
Shoulder width ft 1.0

Lane Width ft 12.0
Segment Length mi 0.6

Temain I Level 3 Rotling
Grade Length mi Upidown
Peak-hour factor, PHF 0.91
: No-passing zone 100%
Shows Horlba Arcosy % Trucks and Buses , PT 6%
% Recreational vehicles, Pa 4%
Access points mi 3fmi

Average Travel Speed

Mean speed of sample®, S,
Total demand flow rate, both directions, v

Free-flow speed, FFS=S,+0.00776(v/ f,yy o7 )

Adj. for no-passing zones, fnp Arg {Exhibit 15-15) 2.8 mih

Analysis Direclion (d) Opposing Direction {0)
Passenger-car equivalents for trucks, E; (Exhibit 15-11 or 15-12) 1.8 2.1
Passenger-car equivalents for RVs, E,; (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, va,ATs=” {1+ PrE-11PL(ER-1)) 0.951 0.935
Grade adjustment factor!, [g.ATS (Exhibit 15-9) 0.96 0.85
[Demand flow rate?, v; (pcih) vi=Y; / (PHF* 1, axg * fv.aTs) 591 409
Free-Flow Speed from Field Measurement Estimated Free-Flow Spead
Base free-flow speed*, BFFS 60.0 mih

Ad]. for lane and shoulder width 4 fLg{Exhibit 15-7) 4.2 mih
Ad]. for access points?, f5, (Exhibit 15-8) 0.8 min
Free-flow speed, FFS (FSS=BFFS o-fy) 55.0 mifh
Average travel speed, ATS =FFS-0,00776(v +

9 P d Yorrst i mim
VO.ATS} - fﬂp,ATS
Percent frea flow speed, PFFS 80.9 %

Percent Time-Spent-Following

Analysis Diraclion {d} Opposing Direclion (o)
Passenger-car equivalents for tnucks, E{Exhibit 15-18 or 15-19) 1.2 1.6
Passenger-car equivalents for RV, £, (Exhibit 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, f,,,=1/ (1# PHE-1HPR(ER-1) ) 0.988 0.965
Grade adjustment factor!, fg.PTSF {Exhibit 15-16 or Ex 15-17) 0.96 0.86
fDirectional flow rate?, v{pe/h) vaVAPHF HV,PTSFi f& PTSE 569 392
b

Base percent time-spent-following®, BPTSF ,(%)=100(1-6?Vd ) 54.1
Ad]. for no-passing zone, fnp'PISF {Exhibil 15-21) 36.2
Percent time-spent-following, PTSFd(%}=BPTSFd+f np.PTSF *Wyprse ! Vaprise *

' ’ ' 76.5
Yo PTSF)
Level of Service and Other Performance Measures
Level of service, LOS {Exhibit 15-3) o
Volume to capacily ratio, vt 0.39
file:///C:/Users/dstoner/AppData/Local/Temp/s2k216F tmp 6/5/2012
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Page 2 of 2

Capadily, C, 5rg (Equation 15-12) peh 0
Capacity, Cdl,;,TSF {Equation 15-13) pcth 1477
Percent Free-Flow Speed PFFS (Equation 15-11 - Class [H only) 80.9
Bicycle Level of Service

Directional demand flow rate in outside lane, Vo {Eq. 15-24) veh/h 539.6
Effective width, Wv (Eq. 15-29) #t 13.00
|Effective speed factor, S, {Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5.71
Bicycle level of service {Exhibit 15-4) F

Notes

downgrade segments are treated as level terrain.
2. [Fvy{vy or v ) >=1,700 pefh, terminate analysis-—-the LOS is F.

3. For the analysis direction only and for v>200 veh/h,

4. For the analysis direction only

5. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

6. Use allernative Exhibit 15-14 if soma trucks operale al crawl speeds on a specific downgrade.

1. Note that the adjustment factor for level terrain Is 1.00,as level terrain is one of the base conditions. For the purpose of grade adjustment, specific
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Directional

Page | of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information

Site Information

Analyst David Sloner
Agency or Company DOWL HRKM
JDate Performed 11/15/2011
Analysis Time Period AM Peak

Highway / Direction of Travel ug?2

From/To Columbia F o Hungry H EB
Jurisdiction Flathead County

Analysls Year 2035

Profect Description: US 2 Badrock Canyon Corridor Plal-uB

input Data

b Shoulder widih
[ Lane widlh
Lane width
_____________ ¥_Shoulderwidth

Segment [ength, L,

Analysis direction vol., V, 398veh/h
Opposing direction vol., V, 250vehth
Shoulder width ft 1.0
tLane Widih ft 12.0
Segment Length mi 0.6

Terrain r
Grade Length
Peak-hour factor,
No-passing zone
Showr Hosth Areove

Access points mi

% Trucks and Buses , Pr

% Recreational vehiclos, PR

I Class Ihighway |7 Class I
highway [ Class H1 highway
I¥" Roliing

Level
mi
PHF

Up/down

0.93
100%

6%
4%
3fmi

Average Travel Speed

Analysis Direction (d) Opposing Direction (o)
Passenger-car equivalents for trucks, Et (Exhibit 15-11 or 15-12) 1.9 2.2
Passenger-car equivalents for RVs, E (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, favars= 1 {1+ PR(E.-1)4P, {Eg-1)) 0.945 0.929
Grade adjustment factor!, 1y arg (Exhibit 15-9) 0.91 0.81
Demand flow rate?, vi{pc/h) vi=V,/ (PHF* fg,ATs * va,ATs) 498 357

Fresa-Flow Speed from Fleld Measurement

Estimated Free-Flow Speed

Mean speed of sample®, S,
Total demand flow rate, both directions, v
Free-flow speed, FFS=S,,+0.00776{v/ va, ATS )

o ATs (Exhibit 15-15) 3.1 mim

Adj. for no-passing zones, f

Base free-flow speed?, BFFS
Adj. for lane and shoulder width,* f, o

Free-flow speed, FFS (FSS=BFFS-f_
Average travel speed, ATSd=FFS-0.0

Vo,ATS) N fnp.ATS
Percent free flow speed, PFFS

Exhibit 15-7)

Ad). for access points?, f, (Exhibit 15-8)

sa)
0776(vg a7 +

60.0 mih
4.2 mih

0.8 mih
55.0 mifh

453 mih

823 %

Percent Time-Spent-Following

Analysis Direction (d} Opposing Direction (o)
Passenger-car equivalents for trucks, E(Exhibit 15-18 or 15-19) 14 1.7
Passenger-car equivalents for RVs, Ep, (Exhibit 16-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, fy, =1/ (1+ PLE-1)+Po(ER-1) ) 0.977 0.960
Grade adjustment factor®, fg.PTSF (Exhibit 15-16 or Ex 15-17) 0.92 0.83
Directional flow rate?, vi(pe/) v=V/(PHF "l orgr” fy prsg) 476 337

by

{Base percent time-spent-following?, BPTSF 4{%)=100(1-6%a } 46.3
Adj. for no-passing zone, fnp.PTSF {Exhibit 15-21} 40.2
Parcent time-spent-following, PTSF d(%)=BPTSF d+f 19, PTSF *(vc,' PTSF lvd‘ prsr t 9.8
Vo PTSF)

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 15-3) C
Volume to capacily ratio, v 0.33

file:///C:/Users/dstoner/AppData/Local/Temp/s2k4E 1 A tmp
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Capacily, Cy At (Equation 15-12) pch ¢
Capacity, Cd‘PTSF {Equation 15-13} pch 1428
Percent Free-Flow Speed PFFS (Equation 15-11 - Class lil only} 823
Bicycle Level of Service
lDirec[ionai demand flow rate in outside lane, Vo {EQ. 15-24) vehih 428.0
[effective width, Wv (Eq. 15-29) ft 13.00
Effective speed factor, S; (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eg. 15-31) 5.59
Bicycle level of service (Exhibit 15-4) F

Nofes

downgrade segments are treated as level {errain.

2. IFy{vy or v,) >=1,700 peth, lerminate analysis--the LOS is F,

3. For ihe analysis direction only and for v>200 veh/h.

4. For the analysis direction only

5. Exhibit 15-20 provides coefficlents a and b for Equation 15-10.

8. Use alternative Exhibit 15-14 if some trucks operate at crawl speeds on a specific downgrade.

1. Nole that the adjustment factor for level terrain is 1.00,as level terrain Is one of the base condilions. For the purpose of grade adjustment, specific

Copyright € 2012 University of Florida, All Rights Reserved HCS 2010™  Version 6.3
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Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel usz
Agency or Company DOWL HKM From/To Columbia F to Hungry H WB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035
Project Description: S 2 Badrock Canyon Corridor Plaft
Input Data
I Glass Inighway ' Class i nighway | Class Il highway
-~ Opposing direction -
—*  Analysis direction —
Ly Lpl Lde I—d
] L ) Stiovy Heatkt Prraw
Shoulder width (ft) 1.0
Lane Width (ft) 12.0
Seament Length (mi) 0.6
Total length of analysis segment, L, 0.6
Length of two-lane highway upsiream of the passing lane, L, 0.0
Length of passing lane inctuding tapers , Lp[ 0.6
Average travel speed, ATS ; {from Directional Two-Lane Highway Segment 5.8
Worksheet)
Percent fime-spent-following, PTSF; (from Directional Two-Lane Highway 578
Segment Worksheet)
Level of service!, LOS, {from Directional Two-Lane Highway Segment c
Worksheet)
Average Travel Speed
Length of the downstream highway segment wilhin the effective fength of
passing tane for average travel speed, 1y (Exhibit 15-23) £.70
Length of two-lane highway downstream of effective length of the passing
lane for avg trave! speed, L, Ld=Lt‘(Lu+Lp|+ Lye) 179
Adj. factor for the effect of passing lane on average speed, fp, (Exhibit 15- 110
28)
Average travel speed including passing lane?, /—‘\TSpl = {ATS3" L}/ oy
(L Lt pl.'fp|)+ (2L da'r(1+fp.', arsh)
Percent free flow speed including passing [ane, PFFSpl = (ATSpll FFS) 91.6
Percent Time-Spent-Following
Length of the downstream highway segment within the effective length of
passing lane for percent time-spent-following, L4, (Exhibit 15-23) 9.64
Length of two-lane highway downstream of effective length of the passing
tane for percent-time-following, 064

Ly =L1'(Lu+ Lpl+ Lde)

Ad]. factor for the effect of passing fans on percent time-speni-following,

file:///C:/Users/dstoner/AppData/Local/Temp/s2k794D,tmp 6/5/2012
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fi prsp(Exhibit 15-26) 0.6
iPercent time-spent-following Including passing fane?, PTSFPI(%) o7
PTSFpl= PTSF [ Lu+Ld+fp|'PTSFLp1+((1 +fp!,PTsF)f2)Ldeth

Level of Service and Other Performance Measures?

Level of service including passing lane LOSpI (Exhibit 15-3) A
Peak 16-min total travel time, TT, ;(veh-h) T1,5= VMT, 5IATSpl 0.9
Bicycle Level of Service

Directional demand flow rate in outside lane, vgr (Eg. 15-24) veh/h 287.4
Effective width, W, (Eq. 15-20) ft 13.00
Effeclive speed factor, $; (Eq. 15-30) 4.79
Bicycle leve! of service score, BLOS (Eq. 15-31) 339
Bicycle level of service (Exhibit 15-4) E
Notes

1. If LOS =F, passing lane analysis cannot be performed.

2. If L4 <0, use allemative Equation 15-18.

3. f L ;<0, use alternative Equalion 15-16.

4. vic, VMT1 5 and VMT,,, are calculated on Directional Two-Lane Highway Segmeant Worksheet.

Copyright © 2012 University of Florida, All Rights Reserved
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Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information Site Information

Analyst David Sfoner Highway / Direction of Travel us2

Agency or Company DOWL HKM From/To Columbia F to Hungry H EB

Date Performed 114152011 Jurisdiction Flathead County

Analysis Time Period Median Off-Peak Analysis Year 2035

Project Descriplion:  US 2 Badrock Canyon Corridor Platf3¥8

Input Data

It  Shouldorwidin "~ "~ T
- [ Lane widlh ft
——an L Lane widih ft
_____________ y_Shoulderwidhn |
Segment tength, |, mi

Analysis direction vol,, Vg 351veh/h
Opposing direction vol., V, 306vah/h
Shoulder width ft 1.0

Lane Width ft 12.0
Segment Length mi 0.6

[ Classinighway ¥ Class i
highway I classm highway

Termrain I~ Level [ Rolling
Grade Length mi Up/down
Peak-hour factor, PHF 0.91
‘ No-passing zone 100%
StouHorih AL o Tycks and Buses , Py 6%
% Recreational vehicles, Pr 4%
Access poinis mi 3imi

Average Travel Speed

Analysis Direction (d) Opposing Direction (o)
Passenger-car equivalents for frucks, E; (Exhibit 15-11 ar 15-12) 2.0 2.1
Passenger-car equivalents for RVs, Ep (Exhiblt 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjusiment factor, fyars=1/ (14 Pr{E; 1P (E-1)) 0.940 0.935
Grade adjustment factor®, fg Ats (Exhibit 15-6) 0.89 0.86
Demand flow rate?, v;{pcih) v|=V| f (PHF* fMTS * va, ATS) 461 418
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed
Base free-flow speed®, BFFS 61.0 mih
3 Adj. for lane and shoulder width,* fi s(Exhibit 15-7) 4.2 mih

Mean speed of sample”, 5., ) - . )
Total demand flow rate, both directions, v Adj. for access points, f, (Exhibit 15-8) 0.8 mim
Free-flow speed, FFS=S +0.00776(W fiyy ors) Free-flow speed, FFS (FSS=BFFS-f o-f,) 56.0 mih
Adj. for no-passing zones. f,; »ys (Exhibit 15-15) 2.9 min Average travel speed, ATS =FFS-0.00776(v, o1 + 63 min

VD.ATS) B fﬁp.M’S

Percant free flow speed, PFFS 826 %

Percent Time-Spent-Following

Analysis Direction (d) Opposing Direclion (o)
Passenger-car equivalents for trucks, E{Exhibit 15-18 or 15-19) 1.6 i.6
Passenger-car equivalenis for RVs, Eg (Exhibit 16-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, fi=H {1+ Pr{Ep-1H+PR(ER-1}) 0.965 0.965
Grade adjustment factor!, fg.l[,TSF (Exhibit 15-16 or Ex 15-17) 0.89 0.87
Directional flow rate?, v{(poh) vi=V/PHF*fy, o rse* Ty prsp) 449 400

b
Base percent ime-spent-following?, BPTSF(%)=100({1-6%% ) 46.1
Adj. for no-passing zone, fnp,PTSF (Exhibit 15-21) 43.4
Percent time-spent-following, PTSF d(%)=BPTSF d+f np.PTSF *(\ro.,PTSF Iyprer* 6.1
Vo.p18F)
Level of Service and Qther Performance Measures
Level of service, LOS {Exhibit 15-3) C
Volume to capacity ratio, v 0.30
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Directional Page 2 of 2

Capacity, Cd,ATS {Equation 15-12) pe/h 4]
Capadily, C; prgr (Equation 15-13) poh 1477
Percent Fres-Flow Speed PFFS (Equation 15-11 - Class 1il only) 82.6
Bicycle Leve! of Service
Directional demand flow rate in outside tane, VoL (EQ. 15-24} veh/h 385.7
Effective width, Wy {Eq. 15-29) ft 13.00
Effective speed factor, §; (Eq. 15-30) 4.79
|Bicycle fevel of service score, BLOS (Eq. 15-31) 5.54
IBicycle level of service (Exhibit 15-4) F
Notes

1. Nole that the adjustment factor for lavel terraln Is 1.00,as tevel terrain Is one of the base conditions. For the purpose of grade adjustment, specific
downgrade segments are freated as level terrain.

2. vy, or v) >=1,700 pe/h, terminate analysis--the LOS is F.

3. For the analysis direction only and for v>200 veh/h.

4. For the analysis direction only

5. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

6. Use allernalive Exhibit 15-14 if some trucks operate at crawl speeds on a spacific downgrade.

Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3 Generaled: 6/56/2012 1:38 PM
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Directional Passing Lane Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel usz
Agency or Company BOWL HKM From/To Columbia F to Hungry H WB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Pedod Median Off-Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor Pla¥; v4¥8

Input Data

I Classthighway 1Y Class lihighway | Class Il highway

-— Opposing direction -
— Analysis direction —
Lu I—p] de td

| L ] Show Neethy Priars
Shoulder width (ft) 1.0
Lang Width (ft) 2.0
Segment Length (mi) 0.6
Total length of analysis segment, L, 0.6
Length of two-lane highway upstream of the passing lane, L, a.0
Length of passing [ane including tapers, Lp[ 0.6
Average travel speed, ATS  (from Directional Two-Lane Highway Segment 6.4
Waorksheet)

Percent time-spent-following, PTSF {from Directional Two-Lane Highway 65.1
Segment Worksheet)

Level of service!, LOS 4 {from Directional Two-Lane Highway Segment c
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the effective length of

passing lane for average travel speed, L, (Exhibit 15-23) r.70
Length of two-lane highway downstream of effective length of the passing

fane for avg lravel speed, L La=blly gt Lyg) -1.70
Adj. factor for the effect of passing lane on average speed, fpl (Exhibit 15- 110
28)

Average travel speed including passing lans?, ATSpI = (ATSy L)/ oy
(Lu+Ld+(Lpllfp|)+ (2L 511 +pr arsh )

Percent free flow speed including passing lane, PF FSpi = (ATSpll FFS) 91.2
Percent Time-Spent-Following

Length of the downstream highway segment wilhin the effective tength of

passing fane for percent time-spent-following, L, (Exhibit 15-23) 5.03
Langth of two-lane highway downstream of effective length of the passing
|1ane for percent-lime-following, .8.03

Ly z[‘l'(l‘u+ E‘p§+ Lye)

Ad]. factor for the effect of passing lane on percent time-spent-following,

file:///C:/Users/dstoner/AppData/Local/Temp/s2k3433 .tmp 6/5/2012



Directional Passing Lane

£ prse(Exbibit 15-26)

Page 2 of 2

0.61

Percent time-spent-following including passing lane?, PTSFP,(%)
PTSF,= PTSF{ Lu+Ld+fp,' PTSFLP,+((1+fp,‘ prsF Ly i,

307

Level of Service and Other Performance Measures?

Level of service including passing lane LOSp1 {Exhibit 15-3)

A

Paak 15-min total trave! time, TT;g(veh-h) TTg= VMT15IATSP,

1.0

Bicycle Level of Service

Directional demand flow rale in outside tane, Vo (Eq. 15-24) vehvh

343.8

Effective width, W, (Eq. 15-29) ft

13.00

Effective speed factor, 5, (Eq. 15-30)

4.79

Bicycle level of service score, BLOS (Eqg. 15-31)

5.48

Bicycls level of service {Exhibit 15-4)

Notes

1. IfLOS =F, passing lane analysis cannot be performed.
2. 0f L4 <0, use alternative Equation 15-18.

3. If L;<0, use alternative Equation 15-16.

4. vic, VMT,; and VMTg, are calcufated on Directional Two-Lane Highway Segment Worksheet.

Copyright © 2012 University of Florida, All Righls Reserved

HCS 2010™™  version 6.3

file:///C./Users/dstoner/AppData/Local/Temp/s2k3433.tmp

Generated: 6/5/2012 1:38 PM

6/5/2012



Directional Page 1 of 2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET

General Information |site information

Analyst David Stoner Highway / Direction of Travel usa

Agency or Company DOWL HKM From/To Columbia F to Hungry H EB

Date Performed 11/18/2011 Jurisdiction Flathead Counly

Analysls Time Period PM Peak Analysis Year 2035

Project Description:  US 2 Badrock Canyon Corridor PlaY{¥B

Input Data

_____________ b Shoulder width it |
-— [ Lane width 1t
—~ | Lane width It

_____________ v_Shoulderwidth I |

Segment length, L,

Analysis direction vol,, V 296venih
Opposing direction vol,, Vo 491veh/h
Shoulder width ft 1.0
iLana Widlh ft 12.0
Segment Length mi 0.6

I™ Classthighway [¥ Classil
highway ™ Class i highway

Terrain r Levet [ Rolling

Grade Lenglh mi Up/down

Peak-hour factor, PHF 0.89

No-passing zone 100%
Show Harth Areowr o 1k and Buses Pr 6%

% Recreational vehicles, Pr 4%

Access points mf 3/mi

Average Travel Speed

Analysis Direction {d) Opposing Direclion (o)
Passenger-car equivalents for trucks, E; (Exhibit 15-11 or 15-12) 21 1.7
Passenger-car equivalents for RVs, E, (Exhibit 15-11 or 15-13) 1.1 1.1
Heavy-vehicle adjustment factor, fiv arg™ 1 (14 Pr{EL 1P (Eg-1)) 0.935 0.956
Grade adjustment factor!, fg'ATS (Exhibit 15-9) 0.85 0.96
Demand flow rate?, v;{pcih) vi=Y, / (PHF® fg!.‘.\TS * fHV,ATS) 418 601
Free-Flow Speed from Field Measurement Estimated Free-Flow Speed
Base free-flow speed“, BFFS 62.0 mim

3 Ad. for lane and shoulder width,? fig(Exhibit15-7) 4.2 mim
Mean speed of sample”, 5., 4 . )
Total demand flow rate, both directions, v Adj. for access points, f, (Exhibit 15-8) 0.8 mim
jfree-flow speed, FFS=5,,+0.00776(v/ fivars) Free-flow speed, FFS (FSS=BFFS-f o-f,) 57.0 mih
Adj. for no-passing zones, an,ATS {Exhibit 15-15) 1.9 mih Average fravel speed, ATSd=FFS-t).(}[)??e(vdmS + 472 min
Vo,ATS) " fnp,."\TS
Percent free flow speed, PFFS 82.7 %

Percent Time-Spent-Following

Analysis Direction (d) Opposing Direction (o)
Passenger-car equivalents for trucks, E{(Exhibit 15-18 or 15-19) 1.6 1.2
Passanger-car equivalents for RVs, E (Exhibil 15-18 or 15-19) 1.0 1.0
Heavy-vehicle adjustment factor, f, =1/ (1+ Pr{E- 1P (Ep1)) 0.965 0.988
Grade adjustment factor!, fg_PTSF {Exhibif 15-16 or Ex 15-17) 0.87 0.97
Directional flow rate?, vi{pc/hy VI=V'r’(PHFif|fN,PTSF* fg.PTSF) 396 576
I18ase percent time-spent-following®, BPTSFd(%)=100(1-e3“'db) 45.3
Adj. for no-passing zone, fnp‘PTSF {Exhibit 15-21) 36.0
Percent time-spent-fellowing, PTSF (%)=BPTSF at T opprsr “(aprse/ Vaprsr * 600
Vo,PTSE)
Level of Service and Other Performance Measures
Level of service, LOS (Exhibit 15-3) C
Volume to capacily ratio, v 0.24
fite:///C:/Users/dstoner/AppData/Local/Temp/s2k A3E7 tmp 6/5/2012




Directional

Page 2 of 2

Capacity, Gy arg (Equation 16-12) peh 1576
Capadity, G prgr (Equalion 16-13) pcth 1629
|Percent Free-Flow Speed PFFS (Equation 15-11 - Class Ilf only) 82.7
Bleycle Level of Service
1Direclional demand flow rate in outside lane, vq; {Eq. 15-24) veh/h 332.6
Effective width, Wv (Eq, 15-29) & 13.00
Effective speed factor, 8, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 546
Bicycle levet of service (Exhibit 15-4) E

Notes

downgrade segments are lreated as level terrain,
2. w{vy or v} >=1,700 porh, terminate analysis—the LOS is F.

3. For the analysls directfon only and for v>200 veh/h.
4, For the analysls direction only
6. Exhibit 15-20 provides coefficients a and b for Equation 15-10.

6. Use alternative Exhibit 15-14 if some trucks operate at crawl speeds on a specific downgrade.

1. Note that the adjustment factor for level terrain Is 1.00,as level terrain is one of the base condilions. For the purpese of grade adjustment, specific

Copyright © 2012 Universily of Florida, All Rights Reserved HCS 2010™ Version 6.3
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Directional Passing Lane Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel us2
Agency or Company DOWL HKM From/To Columbia F to Hungry H WB
Date Performed 1171572011 Jurisdiction Flathead County
Analysis Time Period PM Peak Analysis Year 2035
|Project Description: US 2 Badrock Canyon Corridor Plac¥4iB

input Data

" Class | highway v Class |l highway I Class HI highway

— Opposing direciion -
—> Analysis direction —
L!l i-pI Lde l-d
L ] Shaw Heelh frrow
Shoulder width {(ft) 1.0
Lane Width (ft) 12.0
Segment Length (mi) 0.6
Total length of analysis segment, L, 0.6
Length of tvo-lane highway upstream of the passing lane, L, a.0
Length of passing lane including tapers , Lp, 06
Average travel speed, ATS 4 (from Pirectional Two-Lane Highway Segment 445
Worksheet)
Percent time-spent-following, PTSF 4 (from Directional Two-ELane Highway 755
Segment Worksheet) '
Level of service!, LOS 4 (from Directional Two-Lane Highway Segment D
Worksheet)
Average Travel Speed
Length of the downstream highway segment within the efiective length of
passing lane for average travel speed, L, (Exhibit 15-23) 1.7
Length of two-lane highway downstream of effective fength of the passing
=170
lane for avg lravel speed, L, Ld=Ll'(Lu+Lpl+ Ly}
Adj. factor for the effect of passing lanie on average speed, fpf {Exhibit 15- 116
28)
Average lravel speed Including passing laneZ, ATS o1 = (ATS L)/ 0
(Lu+Ld+(Lpllfpl)+ (2Ldel(1+fpmrs)) )
Percent free flow speed including passing lane, PFFSp] = (ATSPII FFS) 89.0
Percent Time-Spent-Following
Length of he downsiream highway segment within the effective length of
|passing lane for percent time-spent-following, Ly (Exhibit 15-23) 73
!Length of two-lane highway downstream of effective length of the passing
lane for percent-time-following, 675

Ly =|‘l'(Lu+ l'pI"' Lo

Ad). factor for the effect of passing lane on percent lime-spent-following,

file:///C:/Users/dstoner/AppData/Local/Temp/s2kDOBE.tmp 6/5/2012



Directional Passing Lane Page 2 of 2
fp!' prsplExhibit 15-26) 0.6/

Percent fime-spent-following including passing lane?®, PTSFp](%} y

46.1
PTSFp,= PTSF4( Lu+Ld+fp,‘ PTSFLP1+((1+fp,, prsel 2L WLy

Level of Service and Other Performance Measuros?

Level of service Including passing lane LOSp] {Exhibit 15-3) B

Peak 15-min tolal travel ime, TT, (veh-h) s VMT15IATSP' 1.7

Bicyele Level of Service

Directional demand flow rale in outside fane, vor {Fg. 15-24) veh/h 339.6

Effective width, W, (Eq. 15-29) ft 13.00

Effective speed factor, S, (Eq. 15-30) 4.79

Bicycle level of service score, BLOS (Eq. 15-31) 571

Bicycle level of service (Exhibit 16-4) F

Nofes

1. ifLOS,=F, passing lane analysis cannot be performed,

2. 1L <0, use alternative Equalion 15-18.

3. If Ly=0, use alternative Equation 15-16,

4. vlc, YMT . and VMT,, are calculated on Directional Two-Lane Highway Segment Worksheet,
Copyright € 2012 University of Florida, All Rights Reserved HCS 2010™ Version 8.3 Generated: 6/5/2012 1:38 PM
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Appendix 4

Operational
Analysis Worksheets

2035 Reverse 3-2-3-4 Four-Lane Adjusted
Annual Average

RP142.0-RP 142.4

Direction 1 = Eastbound
Direction 2 = Westbound




MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdigtion Flathead County
Analysis Time Period AM Peak Analysis Year 2035
{Project Description  US 2 Badrock Ganyon Corridor Planning Study
I Oper{LOS) I Des. (N} I Plan. {vp)

Flow Inputs
Volume, V {veh/h) 398 Peak-Hour Factor, PHF 0.93
AADT(veh/h} %Trucks and Buses, P 6
Peak-Hour Prop of AADT {veh/d) %RVs, Py, 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHV (vehih) Grade  Length (mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
f, 1.00 Eq 2.0
E; 25 fuy 0.885
Speed Inputs Calc Speed Adj and FFS
Totat Lateral Clearance, LC (ft) 12.0 i, (mifh)
Access Poinls, A (A/mi) 0 ,

. s (mith}

Median Type, M ( (ot
FFS (measured) 60.0 ha ()
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design

Design (N}

Operational {LOS)

Required Number of Lanes, N

Flow Rate, v_(pcihfin
Speed. S ‘f ) (2;10 Flow Rate, v, {pch)
Dp(ee/, 1 (l)m ) . 0 Max Service Flow Rate (pc/hin)
il |
porm Design LOS
LOS A
Bicycle Level of Service

file:///C:/Users/dstoner/AppData/Local/Temp/u2k71B5.tmp
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 2 of 2

|Directional demand flow rale in outside lane, vy, (Eq. 15-24) veh/n 214.0
"Effeclive width, W, (Eq. 15-29} ft 24.00
"Effective speed factor, §, (Eq. 15-30} 4.79
Bicycle fevel of service score, BLOS (Eq. 15-31) 3.21
Bicycle fevel of service (Exhibit 15-4) C

Copyright @ 2012 University of Florida, All Rights Reserved
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 2)

Operational (LOS)

Flow Rate, v {pothiin) 162
Speed, S {mifh) 60.0
D {pe/mifin) 27
LOS A

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US2
Agency or Company DOWL HKM FromiTo Columbia Falis to Hungry Horse
Date Performed 4/30/2012 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035
|Project Descriplion  US 2 Badrock Canyon Corridor Planning Study
[ Oper.{LOS) I Des. (N) [ Plan, (vp}

Flow Inputs
Volume, V {veh/h} 250 Peak-Hour Factor, PHF 0.87
AADT(vehih) %Trucks and Buses, P, )
Peak-Hour Prop of AADT {veh/d) %RVs, Pg 4
Peak-Hour Direction Prop, D General Terrain; Rolling
DDHY (vehfh) Grade  Length {mi} 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
fo 1.00 €q 20
E; 25 v 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ff) _ 12.0 fLy (Mifh)
Total Lateral Clearance, LC {ft) 12.0 f_¢ (mifh)
Access Points, A (A/mi) 0 .

, f,, (mifh)

Median Type, M i
FFS (measured) 60.0 fy (i)
Base Free-Flow Speed, BFFS FFS (milh) 60.0
Operations Design

Design (N}

Required Number of Lanes, N
Flow Rate, Vo {pcsh)

Design LOS

Max Service Flow Rate (pe/hiin)

Bicycle Level of Service
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MULTILANE OIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

|Directi0nal demand flow rate in oulside lane, v, (Eq. 15-24) vehth 143.7

“Effective width, W, (Eq. 15-29) ft 24.00

“Eﬁective speed faclor, 8, (Eq. 15-30) 4.79

"Bicycla level of service score, BLOS (Eq. 15-31) 3.00

[IBicycle level of service (Exhibit 15-4) c

Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 8.3 Generated: 6/28/2012 10:22 AM
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MULTILANE HHIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

[}

]General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Gompany DOWL HKM From/To Columbia Falis to Hungry Horse
Date Periormed 413012012 Jurisdiction Flalthead County
Analysis Time Period Median Off-Peak Analysis Year 2035
, |Project Descriplion  US 2 Badrock Canyon Corridor Planning Study
i Oper.{LOS) [ Des. (N} [ Plan, (vp)
Flow Inputs
Volume, V {vehth) 351 Peak-Hour Factor, PHF 09
AADT{veh/h) %Trucks and Buses, P, ]
Peak-Hour Prop of AADT {veh/d) %RVs, Pa 4
Peak-Hour Direction Prop, D General Terrain; Rolling
DDHV (vehih) Grade  Length (mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
f 1.00 Ex 2.0
E, 25 Ty 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW () 120 £, (i)
Total Lateral Clearance, LC (i) 12.0 fLo (mifh)
Access Points, A (A/mi) 0 .
. f, (mifh)
Median Type, M P
FFS {measured) 61.0 w ()
Base Free-Flow Speed, BFFS FFS (mifh) 61.0
Operations Design
Design (N}
Operational {LOS RGSI ‘n dNN ber of L N
Flow Rate, v_{po/hfin) 217 equired Rumber ofanes,
Soped. S P/h 600 Flow Rate, v, (pcfh)
peec, _ (i) i Max Service Flow Rate {pc/hin}
D {pe/mifin) 3.6 .
DesignLOS
LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 2 of 2

||Dlrectional demand flow rate in outside lane, v, {Eq. 16-24) veh/h 192.9

||Effecﬁve widlh, W, (Eq. 15-29) ft 24.00

"Effeclive speed factor, Sf {Eq. 15-30) 4.79

[[Bicycte level of service score, BLOS (Eq. 15-31) 315

liBicycle tevel of service (Exhibit 15-4) c

Copyiight © 2012 Universily of Florida, All Rights Reserved HCS 2010™  version 6.3 Generated: 6/28/2012 10:23 AM
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 2)

N

IGeneraI Information Site Information

Analyst David Stoner Highway/Direction to Travel ~ US?2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdic_;tion Flathead County
Analysis Time Period Median Off-Peak Analysis Year 2035
|Project Description  US 2 Badrock Canyon Corridor Planning Study

I OperLOS) I~ Des. (N) I™" Plan. (vp)

Flow Inputs

Yolume, V (veh/h) 306 Peak-Hour Factor, PHF 0.89
AADT{veh/h) %Trucks and Buses, Py 6
Peak-Hour Prop of AADT {veh/d) %RVs, Pp 4
Peak-Hour Direction Prop, D General Teirain: Rolling
DDHVY (veh/h) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 UpfDown % 0.00

Number of Lanes 2

Calculate Flow Adjustments

f 1.00 Er 2.0

E; 25 iy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane W|dth, LW (ﬂ) 12.0 fLW (mllh)

Total Lateral Clearance, LC (it} 12.0 £, (mil)

Access Poinls, A (Afmi) 0 .

i fy {mifh)

Median Type, M i

FFS (measured) 61.0 w (mifn)

Base Free-Flow Speed, BFFS FFS {(mifh) 61.0
Operations Design

Design (N)

Operational (LOS} Re51 .n § Number of L N

Flow Rate, v, (pc/fin) 194 equired Number of Lanes,

Speed, S (mih) 600 Flow Rate, A {pcfn)
D"eei' y i Max Service Fiow Rate (pe/vin)

I N
(pefmifin Design LOS

LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2) Page 2 of 2

Directional demand flow rate in outside lane, v, {Eq. 15-24) vehih 1719
Effective widih, W, (Eq. 15-29) f 24.00
Effective speed factor, S; {Eq. 15-30) 479
Bicycle level of service score, BLOS (Eg. 15-31) 309
Bicycle level of service (Exhibit 15-4) C
Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3 Generated: 6/28/2012 10:23 AM
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

|

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US2
Agency or Company DOWL. HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdi(_:lion Flathead County
Analysis Time Period PM Peak Analysis Year 2035
[Projeci Descriplion  US 2 Badrock Canyon Corrider Planning Study
[ Oper.{LOS) I Des. (N) [ Plan. (vp}

Flow Inputs
Volume, V (veh/h} 296 Peak-Hour Factor, PHF 0.89
AADT{vehih) %Trucks and Buses, P, 8
Peak-Hour Prop of AADT (veh/d) %RVYs, Pp 4
Peak-Hour Direction Prop, D General Terrain: Relling
DDHY (vehih) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
fo 1.00 € 20
E; 25 fuy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ﬁ) 12.0 ftW (m'm)
Total Lateral Clearance, LC (fty 12.0 f. (mifh)
Access Points, A (A/mi) 0 .

i fy (mifh)

Median Type, M i
FFS (measured) 62.0 fy (mifh)
Base Free-Flow Speed, BFFS FFS (mifh) 62.0
Operations Design

Design (N)

Operationa! {LOS

Flow Rate, A {pchiln 187
Speed, S {mifh) 60.0
O (pefmifin) 3.1
LOS A

Required Number of Lanes, N
Flow Rate, A {pefh)

Design LOS

fax Service Flow Rate (po/hiin)

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1) Page 2 of 2

Directional demand Row rate in outside lane, v, {Eq. 15-24) vehih 166.3
Effective width, W, (£q. 15-20) R 24.00
Effective speed factor, §; (Eq. 15-30} 479
Bicycle level of service score, BLOS (Eq. 15-31) 3.08
Bicycle {evel of service (Exhibit 15-4) C
Copyright @ 2012 University of Florida, All Rights Reserved HCS 2010™  Version 6.3 Generated: 6/28/2012 10:23 AM
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM Fromo Columbia Falls to Hungry Horse
Date Performed 4/3012012 Jurisdiclion Flathead County
Analysis Time Period PM Peak Analysis Year 2035
[Project Description  US 2 Badrack Canyon Corridor Planning Study
[ Oper.{LOS) I™ Des. {N) [ Plan. (vp)
Flow Inputs
Volume, V (veh/h) 491 Peak-Hour Factor, PHF 09
AADT{veh/h) %Trucks and Buses, P, 8
Peak-Hour Prop of AADT (veh/d) %RVs, Py 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHV (veh/h) Grade  Length (mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
fy 1.00 Er 20
E; 25 iy 0.885
Speed Inputs Calc Speed Adj and FFS
Total Lateral Clearance, LC (ff) 12.0 f_c (i)
Access Points, A {A/mi) 0 .
) f,, (mith)
Median Type, M (i
FFS {measured} 60.0 ha (i)
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design
Design (N)

Operalional (LOS)

Flow Rate, Yy {pciiin} 204
Speed, S (mifh) 60.0
D {p¢/mifin} 5.1
LOS A

Flow Rate, A (pcfn)

Deslgn L.OS

Required Number of Lanes, N

Max Service Flow Rate (pcfhiln)

Bicycle Level of Service

file:///C:/Users/dstoner/AppData/Local/Temp/u2k4D45.tmp
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

,Directlonal demand flow rate in outside fane, v, (Eq. 15-24) vehih 269.8

llttective widin, w, (Eq. 15-20) & 24.00

"Eﬁecﬁve speed facfor, S, (Eq. 15-30) 4.79

"Btcycie level of service score, BLOS (Eq. 15-31) 332

[[Bicycie level of service (Exhibit 15-4) C

Copyright ® 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3 Generated: 6/28/2012 10:23 AM
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Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET

General Information |site information

Analyst David Stoner Highway of Trave! usz2
Agency or Company DOWL HKM FromfTo Columbia F to Hungry H EB
Date Performed 117152011 Jurisdiction Flathead County
Analysls Time Period AM Peak Analysis Year 2035
Project Bescription: U8 2 Badrock Canyon Corridor Pla=8

Input Data

™" Classinighway [V Class lihighway [ Class Hi highway
-— Opposing direclion -
— _Analysis direction —
l-u I-|J| de |-d

] Ly Show Hoeth Aavow

Shoulder width {ft} 1.0
Eane Width (ft) 12.0
Segment Length {mi) 2.4
Total length of analysis segment, L, 2.4
Length of two-lane highway upstrearn of the passing lane, L, 0.0
Length of passing lane including tapers , Ly 0.6
Average {ravel speed, ATS 4 (from Directional Two-Lane Highway Segment 418
Worksheet)

Percent time-spent-following, PTSF 4 (from Directional Two-Lane Highway 846
Segment Worksheet)

Level of service!, LOS 4 {from Directional Two-Lane Highway Segment b
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the effective length of

passing {ane for average travel speed, Ly, (Exhibit 15-23) 179
Length of two-lane highway downsiream of effective length of the passing
|tane for avg travel speed, L; i_dnLt-(Lu+Lpl+ Lo 0.10
Ad], factor for lhe effect of passing lane on average speed, !pl {Exhibit 15- 11
28)

Average travel speed including passing JaneZ, A'E'S!JI ={ATS L)/ o
(Lu+Ld+(Lp,prl)+ (2L 4, f(1 +pr arsh )

Percent free flow speed Including passing lane, PFFSP, = (ATSmI FFS) 80.9
Percent Time-Speni-Following

Length of the downstream highway segment within the effective length of

passing lane for percent time-spent-following, L, (Exhibil 15-23) +61
Length of two-lane highway downstream of effective length of the passing

tane for perceni-time-foilowing, -2.84

Ld =Ll'(Lu+ Lp!* Lde)

Adj. factor for the effect of passing lane on percent time-spent-following,

tile:///C:/Users/dstoner/AppData/Local/Temp/s2kE081.tmp 5/21/2012



Directional Passing Lane

Page 2 of 2

foy,proF(Exhibit 15-26) 0.62
Percent time-spent-following including passing fane?®, PTSFm(%) o
PTSF{},B PTSF [ Lu+Ld+pr,PTSFLp|+((T +[pl',PTSF)"2)Lde]’ILl

Level of Service and Other Performance Measures”

Level of service including passing lane LOSpl {Exhibit 15-3) C
Peak 15-min {ofal travel time, T¥, ;{veh-h) TF, = VMT, 5hﬂ\TSpl HE
Bicycle Level of Service

Directional demand flow rate In outside fane, vy, (Eq. 15-24) vehm 850.5
Effective width, W, (Eq. 15:29) & 13.00
Effective speed faclor, S, (Eq. 15-30) 4.79
|Bicycle tevel of service score, BLOS (Eq. 15-31) 594
|Bicycle level of service (Exhibit 15-4) F

Notes

1. 1fLOS ;=F, passing lane analysis cannot be performad.
2. IfL <0, use alternative Equation 15-18.

3. If L4<0, use allernative Equalion 15-16.

4. vle, VMT, 5 and VMTg, are calculated on Directional Two-Lane Highway Segment Worksheet.

Copyright @ 2012 Universily of Florida, All Rights Reserved
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Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET

General Information Site Informaftion

Analyst David Stoner Highway of Trave! us2
Agency or Company DOWL HKM FromfTo Columbia F to Hungry H WB
Date Performed 11/15/2011 Jurisdiclion Flathead County
Analysls Time Period AM Peak Analysis Year 2035
!Project Dascription: US 2 Badrock Canyon Corridor Pla 4

Input Data

I Classinighway [ Ciasslinighway | Glass Hif highway
— Opposing direction -
— Analysis direction —_—
Lu I-pl Lde Lcl

| L Show Heoth Briow

Shoutder width {f) 1.0
Lane Width (ft} 12.0
Segment Length {mi) 2.4
Total length of analysis segment, L, 24
Length of two-lane highway upstream of the passing lane, L . 0.0
Length of passing lane incfuding tapers , Lpl L1
Average travel speed, ATS {from Directional Two-Lane Highway Segment 4Ly
Worksheet)

Percent lime-spent-following, PTSF 4 (From Directional Twe-Lane Highway 70.5
Segment Worksheet)

Level of service!, LOS 4 (from Directional Two-Lane Highway Segment D
Worksheet)

Average Travel Speed

Length of the downsliream highway segment within the effeclive length of

passing lane for average travet speed, L, (Exhibit 15-23) L.70
Length of two-lane highway downstream of effective length of the passing

lane for avg travel speed, Ly Ly=L-(Ly+L ¢ Lyo) 040
Adj. factor for the effect of passing lane on average speed, fpl {Exhibit 15- LI
28)

Average travel speed Including passing lane2, ATSP, = (ATSy L)/ 455
(Lu+'~d+(Lp1”pl)* (2Ldel(1+fp.', AT}
[Percent free flow speed including passing iane, PFFSp] = (ATSPII FFS) 82.7
Percent Time-Spent-Following

Length of the downstream highway segment within the effective length of

6.63

passing lane for percent time-spent-following, L g, (Exhibit 15-23)

Length of iwo-fane highway downstream of effective length of the passing
lane for percent-time-following, .5.33
Ly th‘(i‘u+ LpI+ Lge)

Adj. factor for the effect of passing lane on percent time-spent-following,

file:///C:/Users/dstoner/AppData/Local/Temp/s2k 1 EOD.tmp 5/21/2012



Directional Passing Lane

Page 2 of 2

fpl, proplExhibil 15-28) 0.6/
Percent ime-spent-following including passing lane®, PTSFpi(%)
44,3
PTSFpl= PTSF[ Lu+Ld+lPL PTSf-J‘p]+((1+fp!, praF@Lg il

Level of Service and Other Performance Measures?
ILevet of service including passing lane !_OSpl (Exhibit 15-3) B
iPeak 15-min total travel time, TT,(veh-h} TT,;= VMT, 5:’ATSpl 74
Bicycle Level of Service

Birectional demand flow rate in outside lane, vy, (Eq. 15-24) veh/h 3598
Effective width, W, (Eq. 15-29) ft 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycla level of service score, BLOS (Eq. 15-31) 5.73
Bicycle level of service (Exhibit 15-4) F
Notes

1. fLOS=F, passing lane analysls cannot be performed.

2. IfL <0, use allernative Equation 15-18.

3. [f L 4<0, use alternative Equation 15-16.

4. vic, VIMT,; and VMT,, are calculaled on Directional Two-Lane Highway Segment Worksheet.

Copyright @ 2012 University of Florida, All Rights Reserved
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Directional Passing Lane Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel usz2
Agency or Company DOWL HKM From/To Columbia F o Hungry H E8
Date Performed 117182011 Jurisdiction Flathead Counly
Analysis Time Period Median Off-Paak Analysis Year 2035
|Project Description: {18 2 Badrock Canyon Corridor Pla:i
Input Data

I Class | highway v Class H highway I Class Il highway

-— Opposing direciion -—
—* Analysis direction —
i-u Lpl I-de Ld
L Shovr Heelh Brrows

Shoulder width (It} 10
Lane Width (/) 12.0
Segment Length {mi} 2.4
Total length of analysis segment, L, 2.4
Length of two-lane highway upsiream of the passing lane, L, 0.0
Length of passing lane including tapers , Lp] 0.6
Average lravel speed, ATS 4 (from Directional Two-Lane Highway Segment 427
Worksheet)

Percent time-spent-following, PTSF; {from Directional Two-Lane Highway 816
Segment Worksheet) )
Level of servicel, LOS 4 {from Directional Two-Lane Highway Segment D
Worksheet)

Average Travel Speed
fLength of the downstream highway segment within the effective lenglh of

passing fane for average travel speed, L, (Exhibit 15-23) 170
Length of two-fane highway downstream of effective lenglh of ihe passing

lane for avg travel speed, L, Ld=LE-(Lu+Lp|+ Ly ¢.10
Adj. factor for lhe effect of passing lane on average speed, fpl {Exhibit 15- T
28}

Average fravel speed including passing fane?, ATSpI = (ATSy L)/ 455
(Lu+Ld+(Lp§lfpl)+ (2L 41 +fp,' argh)

Percent free flow speed including passing lane, PFFSpl = (ATSDI.! FFS) 81.2
Percent Time-Spenl-Following

Length of the downstream highway segment within the efiective length of

5.18

|passlng {ane for percent time-spant-following, L 4o (Exhibit 15-23)

iLength of two-lane highway downstream of effective length of the passing
lane for percent-time-following, -3.38
Ld :Li'(Lu"' Lp]+ Lde)

Ad. factor for the effect of passing lane on percent time-spent-following,

file:///C:/Users/dstoner/AppData/Local/Temp/s2k6691.tmp A 5/21/2012



Directional Passing Lane

Page 2 of 2

fpl, propelExhibit 15-26) 0.62
Percent fime-spent-following including passing lane®, PTSFpl(%)
3.6
PTSF = PTSFYIL ALt prgpbyt ({14 propl2)Ly HL,
Level of Service and Other Performance Measures?
ILeveI of service including passing lane LOSpI (Exhibit 15-3) B
IPeak 15-min total {ravel time, TT,{veh-h} TT,.= VMT151ATSpl 10,2
Bleyele Level of Service
[Directionat demand flow rate In outside fane, v, (Eq. 15-24}) vevh 7736
Effective width, W, (Eq. 15-29) # 13.00
Effective speed factor, 8, (Eq. 15-30) 479
Bicycle level of service score, BLOS (Eq. 15-31) 3.89
Bicycla levet of service (Exhibit 15-4) F

Notes

1. I LOS,=F, passing lane analysis cannot be performed,
2, 1f L <0, use alternalive Equation 15-18.

3.1fL4<0, use aliernalive Equalion 15-16,

4. vio, VMT, 5 and VMT,, are calculated on Directional Two-Lane Highway Segment Worksheet.

Copyright © 2012 University of Florida, All Righis Reserved
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Directional Passing Lane Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET

General Information Site Information

Analyst David Stoner Highway of Travel us2

Agency or Company DOWL HKM From/To Columbia F fo Hungry H WB
EDate Performed 117152011 Jurisdiction Flathead County

Analysis Time Period Median Off-Peak Analysis Year 2035

Project Description:  US 2 Badrack Canyon Corridor Plag$

Input Data

™ Class | highway Jv: Class Il highway I~ Class It highway

-— Opposing direction -
— Analysis direction —
i—li i-pl tdo |-d
] L ] Show Weelh farow
Shoulder width {ft) 1.0
Lane Width () 12.0
Segment Length (mi) 24
Total length of analysis segment, L, 2.4
Length of two-lane highway upstream of the passing fane, L, 0.0
Length of passing lane including tapers , LPl 1.1
Average travel speed, ATS ; (from Directional Two-Lane Highway Segment $20
Worksheet)
Percent time-spent-following, PTSF 4 (from Directional Two-Lane Highway 265
Segment Worksheet) )
Level of service!, LOS 3 {from Directional Two-Lano Highway Segment D
Worksheet)
Average Travel Speed
Length of the downstream highway segment within the effective length of
passing lane for average {ravel speed, b 4o {(Exhibit 15-23) L70
Lenglh of two-lane highway downsiream of effective length of the passing
lane for avg travel speed, Ly Ly=Lo{L, L+ Ly,) 040
Adj. factor for the effect of passing lane on average speed, fp] (Exhibit 15- BT
28)
. N 2 - &

Average fravel speed including passing lane?, ATSP, ={ATS4* L)/ 166
(Lu+Ld+(Lp,ffp,)+ (2L M1 +fp,, arsh)
Percent free flow speed including passing lane, PFFSpl = (ATSp,I FFS) 83.2
Percent Time-Spent-Following
Length of the downstream highway segment within the effective length of

5.89

|passing lane for percent time-spent-following, L, {Exhibit 16-23)

ILenglh of two-lane highway downstream of effective lenglh of the passing
fane fer percent-time-following, 159
Ly zLi’(Lu+ Lpi+ Lge)

Adj. factor for the effect of passing lane on percent fime-spent-following,

file:///C:/Users/dstoner/AppData/Local/Temp/s2k9C50.tmp 5/21/2012



Directional Passing Lane Page 2 of 2
pr prsrExhibit 15-26) 0.6/

Parcent time-spent-following including passing lane3, PTSFN(%) g

48.5
PTSF = PTSF I L+ y* 0y mrgrlo (14D, prsel @My MLy

Level of Service and Other Performance Measures?

it evel of service including passing lane LOSpj {Exhibit 15-3) B

Peak 15-min total travel time, TT,g{veh-h) TT, = VMT, 5)'ATSpl 83

Bicycle Leve! of Service

Direclional demand flow rate In outside lane, v, (Eq. 16-24) veh/h 662.2

Effective width, W, (Eq. 15-29) ft 13.00

Effective speed factor, S, (Eq. 15-30) 4.79

Bicycle level of service score, BLOS {Eq, 15-31) 381

Bicycle level of service (Exhibit 15-4) F

Notes

1. IfLOS ;=F, passing lane analysis cannot be performed.

2.1f L, <0, use alternative Equation 15-18.

3. IfL <0, use alternative Equation 15-18.

4. vic, VMT,, and VMT,, are calculated on Directional Two-Lane Highway Segment Worksheet.
Copyright © 2012 University of Florida, Alf Rights Reserved HCS 2070™ Version 6.3 Generated: 5/21/2012 12:47 PM

file:///C:/Users/dstoner/AppData/Local/Temp/s2k9C50.tmp 5/21/2012



Directional Passing [Lane Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET

General Information Site Information

Analyst David Stoner Highway of Trave) usz

Agency or Company DOWL HKM FromfTo Columbia F to Hungry H EB
Date Performed 11/15/2011 Jurisdiction Flathead Counly

Analysis Time Period PM Peak Analysis Year 2035
{Project Descriplion: US 2 Badrock Canyon Corridor Pla2f

input Data

I Class | highway v Class Il highway I Class Iif highway

-— Opposing direclion -~
—*  Andlysis direction —
tu E—p[ Ldo |-d
L Shovr Heeth Pasow

Shoulder width (ft) 1.0
Lang Width (i) 12.0
Segment Length (mi} 24
Total length of analysis segment, L, 24
[.ength of two-lane highway upstream of the passing lane, L, 0.0
Length of passing lane including tapers , Lpl 0.6
Average travel speed, AT8 (from Directionat Two-Lane Highway Segment 7y,
Worksheet)

Percent time-spent-following, PTSF; (from Directional Two-Lane Highway 75.4
Segment Worksheet)

Level of service!, LOS 4 {from Directional Twe-Lane Highway Segment b
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the effective fength of

|passing lane for average fravel speed, L, (Exhibit 15-23) L7
Length of iwo-lane highway downstream of effective length of the passing

lane for avg fravel speed, L, Ld=Ll-(Lu+Lp|+ Lot o.10
Adj. factor for the effect of passing lane on average speed, fpI {Exhibit 15- LI
28)

Average travel speed including passing lane?, ATSpI = (ATS L)/ 48
(Lu+Ld+(Lp|IEp1)+ (2Ldal(1+fp,,‘ Arsh )

Percent free flow speed including passing lane, PFFSPl = (ATSp]I FF8} 78.6
Percent Time-Spent-Following
iLength of the downstream highway segment within the effective length of

passing lane for percent time-spent-following, L4, (Exhibit 15-23) 392
Length of two-lane highway downstream of effective length of the passing

tane for percent-time-following, 12

Ld =|‘t'({'u+ 1‘pl"' Lde)

Adj. factor for the efiect of passing lane on percent time-spent-following,

tile:///C:/Users/dstoner/AppData/Local/Temp/s2k CES8.tmp 5/21/2012



Directional Passing Lane

|fp,‘ prop(Exhibit 15-26)

Page 2 of 2

a.67
'Percenl fime-spent-following including passing lane3, PTSFPI(%)
49,3
PTSFp]= PTSF 4l Lu+Ld+fp,‘ PTSFLp'+((1+fp,_ proei)lyeli,
Level of Service and Other Performance Measures?
L.evel of service including passing tane LOSpl {Exhibit 15-3) B
Peak 156-min tolal travel time, TF, z{veh-h}  TT .= VMT, 5.!ATSpl 8.8
Bicycle Level of Service
Directional demand flow rate in outside lane, v, {Eq. 15-24) vehih 6384
Effeclive width, W, (Eq. 15-20) ft 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle Jevel of service score, BLOS (Eq. 15-31) .81
Bicycle fevel of service {(Exhibil 15-4) F
Notes
1. If LOS=F, passing lane analysis cannot be performed.
2. IfL <0, use alternative Equation 15-18.
3.1f L4<0, use alternalive Equation 15-16.
4. vfe, VMT, ;. and VMT, are calculated on Directional Two-Lane Highway Segment Worksheet,
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Directional Passing Lane

Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

l‘d =Ll * I‘pl"ﬂ Lde)

WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Trave! us2
Agency or Company DOWL HKM FromfTo Columbia F to Hungry H W8
Bate Performed 11/16/2011 Jurisdiction Flathead County
Analysis Time Period PM Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor Pla¥78
input Data
[ Classi highway v Class 1l highway I crass highwray
-— Opposing direction -
— Analysis direction —
by Lot Ly La
| L Stswer Peeths Arrair
Shoulder width (1) 1.8
Lane Width () 2.0
Segment Length (mi) 2.4
Total length of analysis segment, L, 24
Length of two-lane highway upstream of the passing lane, 1, 0.0
Length of passing lane including tapers , Lp] 1.1
Average travel speed, ATS  (from Directional Two-Lane Highway Segment 397
Worksheet)
Percent time-spent-following, PTSF, {from Directional Two-Lane Highway 159
Segment Worksheet) .
Leval of service!, LOS 4 {from Directional Two-Lang Highway Segment E
Workshesat)
Average Travel Speed
Length of the downstream highway segment within the effective length of
passing lane for average {ravel speed, L, (Exhibit 15-23) 170
Length of two-lane highway downstream of effective fength of the passing
lane for avy travel speed, g Ll Lyl Lyo) 040
Adj. factor for the effect of passing lane on average speed, fpl (Exhibit 15- 111
28)
Average travel speed including passing lane?, ATSpl =(ATS L) f i)
(Lu+Ld+(Lp|’fp;)+ (2Ldel(1+pr arsh}
Percent free flow speed including passing lane, PFFSP; = (ATSp,I FFS) 78.4
Pearcent Time-Spent-Following
tength of the downstream highway segment within the effective langth of
passing fane for percent time-spent-following, L 4o (Exhibit 15-23) 3.60
Length of two-lane highway downstream of effective length of the passing
|1ane for percent-time-foltowing, 22,30

Adj. faclor for the effect of passing lane on percent time-spent-following,

file:///C:/Users/dstoner/AppData/Local/Temp/s2k9B3,tmp
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Directional Passing Lane Page 2 of 2

fp,‘ prsrExhibit 15-26) 0.62
|Percent time-spent-following including passing laneS, PTSFP,(%) Py
PTSFpl= PTSF Lu+Ld+fpl,PTSFLpl+«1 +lp,,PTS,.:)J‘IZ)Lde]ILt
Level of Service and Other Performance Measures?
Level of service including passing fane LOSpl {Exhibit 15-3) &
Peak 15-min total travel time, TT g(veh-h) TT 5= VMT,/ATS 14.6
Bicycle Level of Service
Directional demand flow rate in outside lane, vy, (Eq. 15-24) veh i046.2
|Eﬁective width, W, {Eq, 15-29) fi 13.00
lEﬁective speed faclor, 8, (Eq. 16-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 6.04
Bicycle levet of service (Exhibit 15-4) F
Notes
1. IFLOS=F, passing lane analysis canno! be performed.
2. IfL <0, use alternalive Equation 15-18.
3. ML <0, use alternative Equalion 15-16,
4. vle, VMT, ; and VMT,,, are calculated on Directional Two-Lane Highway Segment Worksheet,
Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™  version 6.3 Generated: 5/21/2012 12:48 PM

file:///C:/Users/dstoner/AppData/Local/Temp/s2k9B3 . tmp 5/21/2012




1 “ --;‘,,;:vf.if .
Corridor Planning Stud Improvement Options Report

Appendix 4

Operational
Analysis Worksheets

2035 Three-Lane Adjusted Annual Average




Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET

General Information Site Information

Analyst David Staner Highway of Trave! usz
Agency or Company DOWL HKM From/To Columbia F to Hungry H EB
Date Performed 19/15/2011 Jurisdiction Flathead County
Analysls Time Period AM Peak Analysis Year 2035
EProject Dascription: US 2 Badrock Canyon Corridor Plad®B

Input Data

I ClassIhighway | Classtinighway | Class il highway
-— Opposing direction o
—> _Analysis direction —
§-u I-p! Ldss LcI

] L ] Staowe fleeth Arow

Shaulder width (1) 1.0
Lane Width (ft) 2.0
Segment Length (mi) 2.4
Fotal length of analysis segment, L, 2.4
Leagth of two-lane highway upstream of the passing lane, L 0.0
Length of passing lane including tapers , I'pl 0.6
Average travel speed, ATS,; (from Directional Two-Lane Highway Segment 45.3
Worksheet)

Percent time-spent-following, PTSF 4 (from Directiontal Two-Lane Highway 70.4
Segment Worksheet) '
Level of service!, LOS 4 {from Directional Two-Lare Highway Segment D
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the effective length of

passing lane for average travel speed, Ly, {Exhibit 15-23) =
Length of two-lane highway downstream of effective fength of the passing

lane for avg travel speed, L, Ld=Ll-(Lu+Lp,+ Lga) 0.10
Ad. factor for the effect of passing lane on average speed, fpl (Exhibit 15- L0
28)

Average travel speed including passing tane?, ATSjJi ={ATS S L)/ 150
(L“+Ld+(Lpllfp1)+ (2L 5,1 +fp,' arsh )

Percent free flow speed including passing lane, PFFSpl = (ATSN! FFS) 872.3
Percent Time-Spent-Following

Length of the downstream highway segment within the effective length of

749

passing lane for percent time-spent-following, L, (Exhibit 15-23)

Length of two-lane highway downstream of efiective length of the passing
tane for percent-ime-foltowing, -5.69
Ly =Le(byt Lot Lye)

Adj. factor for the effect of passing lane on percent time-spent-following,
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pr prgplExhibit 16-26) 0.61
Percent time-spent-following including passing lane, PTSFPI(%) ey
PTSF = PTSF [ L tlyt) prspbot (o proel 2 ety

Level of Service and Other Performance Measures?

Level of service including passing lane LC)Spl {Exhibit 15-3) B
Peak 15-min {otal fravel time, TT,;(veh-h) TT 5= VMT, 5IATSD! 5.3
Bicycle Level of Service

Directional demand flow rate in outside lane, vy, (Eq. 15-24) vehvh 428.0
Effective width, W, (Eq. 16-29) i 13.00
Effeclive speed factor, 8, (Eq. 15-30) 4.79
|Bicycle love! of service score, BLOS (Eq. 15-31) 5.59
|Bicycle fevel of service (Exhibit 15-4) F
Notes

1. IFLOS =F, passing lane analysis cannot be performed.

2, If L4 <0, use alternalive Equation 15-18.

3. If L;<0, use alternative Equation 15-18. i

4. vic, VMT, 5 and VMT, are calculated on Directional Two-Lane Highway Segment Worksheet.
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Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General information Site Information
Analyst David Stoner Highway of Travel usz
Agency or Company DOWL HKM From/To Columbia F to Hungry H WB
Date Performed 11/16/2011 Jurisdiction Flathread County
Analysis Time Period AM Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor Pla?3B
Input Data
I Classihighway 7 Classiihighway | Class 1t highway
-— 0pposing direction -~
— Analysis direction —
Ll! |-pl Lde |-tE
] ]_, St Heeth Arow
Shoulder width {ft) 1.0
Lane Width {ft) 12.0
Segment Length (mi) 2.4
Total length of analysis segment, L, 24
Length of two-lane highway upstream of the passing lane, L, 0.0
Length of passing lane including tapers , Lp{ 17
Average travel speed, ATS ; (from Directional Two-Lane Highway Segment 5.9
Worksheet)
Percent time-spent-following, PTSF 4 (from Directional Two-Lane Highway 566
Segment Worksheet)
Level of service!, LO3 ; (from Directional Two-Lane Highway Segment c
Worksheet)
Average Travel Speed
Length of the downsiream highway segment within the effective length of
passing fane for average lravel speed, L 4 (Exbibit 15-23) 170
iLength of two-lane highway downstream of effective fength of the passing
lane for avg travel speed, L Ld=Ll-(Lu+Lp,+ Lo -0.40
Ad. factor for the effect of passing fane on average speed, fpl {Exhibit 15- 110
28)
Average travel speed including passing lane?, ATSP] = {(ATS Ly 95
(Lu+Ld+(Lpiffpl)+ (2L A1 +fp,, are)
|Percent fres flow speed including passing lane, PFFSpI = (ATSP,I FFS) 89.9
Percent Time-Spent-Following
Length of the downsltream highway segment within the effective length of
passing lane for percent time-spent-following, L ;, (Exhibit 15-23) 999
Length of twe-tane highway downstream of effective lenglh of the passing
lane for percent-time-following, 869

L=ty f Lo+ L)

Adj. factor for the effect of passing lane on percent tima-spent-following,
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prPTSF(Exhibit 15-26) 0.60
|Percent time-spent-following including passing lanae’, PTSFpl(%)
3.8
PTSFp,= PTSF | Lu+Ld+fp,,PrSFLpl+((1+pr prerflly Ly

Level of Service and Other Performance Measures?

Level of service including passing fane LOSpl {Exhibit 15-3) A
Peak 15-min total traval time, TT gveh-h) TT, ;= VMT, 5.fATSpl 3.4
Bicycle Level of Service

Directional demand flow rale In outside lane, v (Eq. 16-24) vehih 279.3
Effective width, W,, (Eq. 15-29) ft 13.00
Effective speed factor, 5, {Eq. 15-30) 4.79
|Bicycle level of service score, BLOS (Eq. 15-31) 5.37
Bicycle tevel of service {Exhibit 15-4) E
Notes

1. IFLOS =F, passing lane analysis cannot be performed.

2.If Ly <0, use aftarnative Equation 15-18.

3. IfL <0, use alternative Equation 15-16.

4. vic, VMT,; and VMT, are calculaled on Directional Two-Lane Highway Segment Worksheet.
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2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel usz
Agency or Company DOWL HKM FromfTo Columbia F to Hungry H EB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period Median Off-Peak Analysls Year 2035
Project Description:  US 2 Badrock Canyon Corridor PlaxA¥B
Input Data
I7 Classihighway ¥ Classlihighway T Class Ul highway
- Opposing direction »——
— Analysis direction —
Ly Lpl L ld
} [ Straw Heetbe Arrow
Shoulder width (f) 1.0
[Lane Width (f) 120
Segment Length {(mi) 2.4
Total length of analysis segment, I, 2.4
Length of two-lane highway upstream of the passing lane, L, 2.0
Length of passing lanc including tapers , Lpl 0.6
Average travel speed, ATS {from Directional Two-Lane Highway Segment 46.3
Worksheet)
Percent time-spent-following, PTSF 4 {from Directional Two-Lane Highway 9.5
Segment Worksheet) .
Level of service!, LOS 4 {from Directional Two-Lane Higlway Scgment c
Worksheet)
Average Travel Speed
Length of the downstream highway segment within the effeclive length of
Ipassing lane for average fravel speed, Ly (Exhibit 15-23) L79
iLength of two-lane highway downstream of effactive fength of the passing
lane for avg travel speed, Ly Ld=L1-(Lu+LpI+ Ly a.10
Adj. factor for the effect of passing lane on average speed, rp, {Exhibit 15- 110
28)
Average travel speed Including passing lane?, ATSp! = (ATS," L)/ 9.1
(Lu+Ld+(Lp,ffp])+ (2L g f(1 +fp,' arsh)
iParcent free flow speed including passing fane, PF FSpl = {ATSp]! FFS}) 87.6
Percent Tlme-Spent-FoIIowing
tength of the downstream highway segment within the effective length of
passing fane for percent time-spent-following, L, (Exhibit 15-23) 771
Length of two-lane highway dewnstream of effective length of the passing
|ilane for percent-time-following, .5.9}
Lcl =Lt'(|'u+ I'pl"' Lde)
Adj. factor for the effect of passing lane on percent time-spent-following,

file:///C:/Users/dstoner/AppData/Local/Temp/s2k2492.tmp

5/21/2012




Directional Passing Lane

Page 2 of 2

fp,‘ prgelExhibit 15-26) 0.67
|Percent time-spent-following including passing lane3, PTSFpl(%)
44.8
PTSFp,= PTSF Lu+Ld+pr prsebprt (141 preph2)Ly I,
Level of Service and Other Performance Measures?

[Level of service including passing lana LOSpl (Exhibit 15-3) B
Peak 15-min totaf travel time, TT g(veh-h) TT,.= VM‘F15:‘AT8pI 4.7
Bicycle Level of Service
Directional demand flow rate in oulside lang, vy (Eq. 15-24) vehih 385.7
Effective width, W, (Eq. 15-29) f 13.00
Effeclive speed factor, §; {Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 554
Bicycle level of service (Exhibit 15-4) F
Noles
1. IfLOS =F, passing lane analysis cannot be performed.

2. If L4 <0, use alternative Equation 15-18,
3. L y=0, use alternative Equalion 15-16.
4. vlc, VMT 5 and VMT, are calculated on Directional Two-Lane Highway Segment Worksheet,
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Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel uUs?
Agency or Company DOWL HKM From/To Columbia F to Hungry H WB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period Median Off-Peak Analysis Year 2035
Project Description: US 2 Badrock Canyon Corridor Plago¥8
Input Data
I Class | highway I¥" Class H highway . Ctass Ill highway
- Oppesing direction *—
—*  Analysis direction —
I-u I-pl Ldo L(1
] L ; Shave Heetls Parow
Shoulder width (1) 1.0
Lane Width (ft} 12.0
Segment Length {mi) 2.4
Total length of analysis segment, L, 24
L.ength of two-lane highway upstream of the passing lane, L, 0.0
Length of passing lane including tapers Lp, 1.1
Average travel speed, ATS ; (from Directional Two-Lane Highway Segment 6.5
Worksheet)
Percent time-spent-following, PTSF ; (from Directional Two-Lane Highway 619
Segment Worksheet) ‘
Level of service!, LOS 4 (from Directional Two-Lane Highway Segment c
Worksheet)
Average Travel Speed
Length of the downslream highway segment within the effective length of
[passing tane for average travel speed, L4, (Exhibit 15-23) Lo
JLength of two-lane highway downsiream of effective length of the passing
fane for avg travel speed, L '-d='-t‘(Lu+Lp|+ Ly -0.40
Ad]. factor for the efiect of passing lane on average speed, fp, {Exhibit 15- 110
28)
Average travel speed including passing lane?, ATSpl = (ATS L)/ 102
(Lu+Ld+(Lp|!fp,)+ 2L,/ +fp,_ ATsh)
|Percent free flow speed Including passing fane, PFFSpl = (ATSNI FF8) 895
Percent Time-Spent-Following
iLength of the downstream highway segment within the effective length of
passing lane for percent tfme-spent-following, L, (Exhibit 15-23) 8.20
Length of two-lane highway downstream of effective lenglh of the passing
lane for percent-time-following, -6.90

Ld =l‘t'({“u+ i‘pl"' Lde)

Adj. factor for the effect of passing lane on percent time-spent-following,
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fp,' prseAExhibit 16-26) 0.60
Percent time-spent-following including passing lane®, PTSFp](%) 0.4
PTSFD|= PTSF Lu+Ld+fp!.PTSFLpl+((1 +fp.',PTSF)’2)LdeVLt

Level of Service and Other Performance Measures?

Level of service including passing lane LOSpI (Exhibit 15-3) A
|Peak 15-min total travel time, TT,glveh-h} 1T, .= VMT, SIATSpl 4.0
Bicycle Level of Service
[Directionat demand flow rate in outside fane, vy, (Eq. 15-24) vehin 3337
Effective width, W, (Eq. 15-29) ft 13.00
Effective speed faclor, S, (Eq. 15-30) 478
Bicycle level of service score, BLOS {Eg. 15-31) 3.47
Bicycle level of service (Exhibit 15-4) E
Notes

1. LOS =F, passing lane analysis cannot be performed.

2, If Ly <0, use alternalive Equation 15-18.

3. ifL <0, use alternative Equation 15-16,

4. vlc, VMT, 5 and VMT,, are calculated on Directional Two-Lane Highway Segment Worksheet,
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Directional Passing Lane Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET
General Information Site Informafion
Analyst David Stoner Highway of Travel usz2
Agency or Company DOWL HKM From/To Columbia F to Hungry H EB
Date Performed 1116572011 Jurisdiction Flathead County
Analysis Time Period PM Pealk Analysis Year 2035
Project Description: U3 2 Badrock Canyon Corridor Pla
Input Data

I Classinighway [ Class lthighway | Ciass Iit highway

-— Opposing direction '
— _Analysis direction —
Lu I—pf Ldo t-d
L ) Show Heth Broow

Shoulder width (fi) La
Lane Width (ft) 12.0
Segment Length (mi} 2.4
Total length of analysis segment, 1, 2.4
Length of two-lane highway upstream of the passing lane, L 0.0
Length of passing lane including tapers , Ly 0.6
Average travel speed, ATS; (from Directionat Two-Lane Highway Segment 472
Waorksheet)

Percent time-spent-following, PTSF 4 {from Directional Two-Lane Highway 60.2
Segment Worksheet)

Level of service!, LOS 4 (from Directional Two-Lane Highway Segment C
Worksheet)

Average Travel Speed

Lenglh of the downstream highway segment within the effective length of

passing lane for average ravel speed, L4, (Exhibit 15-23) L7a
Length of two-lane highway downstream of effective length of the passing
|iana for avg travel speed, L, Ld“’-t'(Lu+Lp1"’ Lot 0.10
Ad], factor for the effect of passing lane on average speed, fp[ {Exhibit 15- 110
28)

Average travel speed including passing lane?, 445\1'8[JI ={ATS L}/ 0.1
(Lu+Ld+(Lp,lfpl)+ (2Ldel(1+fp,_ AT}

Percent free flow speed including passing lane, PFFSp, = (ATSpli FFS) 87.7
Percent Time-Speni-Following

Length of the downsiream highway segment within the effective length of

passing lane for percent ime-spent-following, L, (Exhibit 15-23) 8.2
|Length of two-fane highway downstream of effective length of the passing

[ane for percent-time-following, 6.44

Ld zLi'(Lu"' I‘pl"’ Lde)

Adj. factor for the effect of passing lane on percent time-spent-following,
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Page 2 of 2

0.60

|Percent time-spent-following including passing laneS, PTSFP,(%)

38.1

PTSFNz PTSF L+ LdEPTSFLpI‘P«T ﬂpr,PTSF)’Z)LdeyLl

Level of Service and Other Performance Measures?

Level of service including passing lane LOSpl {Exhibit 15-3}

Peak 15-min tofal travel time, TT,o(veh-h) TT, o= VMT151ATSP1

4.0

Bigycle Level of Service

Directionat demand flow rate In outside fane, vy, (Eq. 15-24) velvh

3326

Effective width, W, (Eq. 15-29) ft

13.00

IEﬂeclive speed faclor, 5, (Eq. 15-30)

4.79

;Bicycle tevel of service score, BLOS (Eq. 15-31)

346

Bicycle lavel of service (Exhibit 15-4)

Notes

1. I LOS=F, passing lane analysis cannot be performed.
2. 1f L4 <0, use allernative Equation 15-18,

3. IML4<0, use alternative Equation 15-16.

4. vie, VMT, 5 and VMT, are calculated on Directional Two-Lane Highway Segment Worksheet.
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2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Trave! usz2
Agency or Company DOWL HKM FromfTo Columbia F to Hungry H WB
Date Performed 117182011 Jurisdiction Flathead Counly
Analysis Time Period PM Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor Play¢B
input Data
I classt highway V! Class i highway [ Class i highway
-— Opposing direction S
—*  Amlysis direction —
!-u Lpf I-tfe ld
| L Strow Heeth Ariow
Shoulder width (1) 10
Lane Width {ft} 2.0
Segment Length (mi) 24
Total length of analysis segment, L, 24
Length of two-lang highway upstream of the passing lane, L, 0.0
Length of passing lane including tapers , Lpl LI
Average travel speed, ATS 4 (from Directional Two-Lane Highway Segment 446
Worksheet)
Percent time-spent-following, PTSF ; {from Directional Two-Lene Highway 746
Segmen! Worksheet) '
Level of service!, LOS 4 {from Directional Two-Lane Highway Segment D
Worksheet)
Average Travel Speed
Length of the downstream highway segment within the effective iength of
passing lane for average travel speed, L;, (Exhibit 15-23) £.70
Length of two-fane highway downstream of effective length of the passing
lane for avg {ravel speed, L; deLl-(Lu+LpI+ Lye} -0.40
Adj. factor for the effect of passing lane on average speed, lp, {Exhibit 15- 110
28)
Average lravel speed including passing lane?, ATSp[ =(ATS L}/
48,1
(Lu+Ld+(Lplifp|)+ (2Ldel(1+fpm7.s)) }
Percent free flow speed including passing lang, PFFSp1 = (ATSP]I FFS) 87.4
Percent Time-Spent-Following
Length of the downstream highway segment within the effective length of
passing lane for percent time-spent-following, L., (Exhibit 15-23) 6.89
Length of fwo-lane highway downstream of effective length of tha passing
lane for percent-time-following, -5.59
Lg =b-{b,* Lyt Lyo)
Adj. factor for the effect of passing lane on percent time-spent-following,
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T, prse(Exhibi 15-26) 0.61
Percent time-spent-following including passing tane®, PTSFP,(%) 0
PTSF = PTSFyl Lotbathy propbart i+ propl 2Lyl
Level of Service and Other Performance Measures?
Lavel of service including passing fane LOSpl {Exhibit 15-3) B
Peak 15-min tolal fravet time, TTz(veh-h) TT ;= VMT, ATS 6.5
Bicycle Level of Service
|Dlrectiona1 demand flow rale In outside fane, vy, (Eq. 16-24) vehth 3231
IEﬁeciive width, W, (Eq. 15-29) ft 13.00
IEﬁec!ive speed faclor, §; (Eq. 15-30) 4.79
Bicycle [evel of service score, BLOS (Eq. 15-31) 3.69
Bicycle fevel of service {Exhibit 15-4) F
Notes
1. fLOS,=F, passing lane analysls cannot be performed.
2. IfL; <0, use alternalive Equation 15-18.
3. If Ly<0, use alternative Equation 15-16.
4. vic, VMT ¢ and VMT,, are calcutated on Directional Two-Lane Highway Segment Worksheet.
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Improvement Options Report

Appendix 4

Operational
Analysis Worksheets

2035 4-2-4 Peak Season
Four-Lane RP 140.0 - RP 140.6
Two-Lane RP 140.6 - RP 141.2

Four-Lane RP 141.2-142.4

Direction 1 = Eastbound
Direction 2 = Westbound




MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET (Direction 1)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 4130/2012 Jurisdiction Flathead County
Analysis Time Period A Peak Analysis Year 2035
[Project Descriplion  US 2 Badrock Canyon Corridor Planning Study
[ Oper.{LOS) I Des. (N} I Plan. (vp)
Flow Inputs
Valume, V {veh/h) 791 Peak-Hour Factor, PHF 0.93
AADT{vehih) %Trucks and Buses, Py 8
Peak-Hour Prop of AADT (veh/d) %RVs, Pg 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHY (veh/h) Grade Length {mi) 0.00
Driver Type Adjustment 1.00 Up/BDown % 0.00
Number of Lanes 2
Calculate Flow Adjustments
f, 1.00 Er 2.0
E; 25 fuy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft) 12.0 oy ()
Tolal Latera! Clearance, LC {ft} 12.0 fc (milh)
Access Points, A (A/mi) 0 .
, f, (mifh}
Median Type, M o
FFS (measured) 60.0 v (1)
Base Free-Fiow Speed, BFFS FFS {mifh) 60.0
Operations Design
Design {\)
QOperational (LOS RES[ ‘n :N borof L N
Flow Rats, v_ (poih/in) 480 equired Number of Lanes,
p Flow Rate, v, (pc/h)
Speed, S {mifh) 60.0 P
) Max Service Fiow Rate (pe/h/in)
D (pe/mifin) 8.0 ,
Design LOS
LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)
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Directional demand flow rate in outside lane, vy, (Eq. 15-24) vehvh 425.3
Effective width, W, (Eq. 15-29) t 24.00
Effective speed faclor, S, {Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 3.55
Bicycle level of service (Exhibit 15-4) D
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035
[Project Description US 2 Badrock Canyon Corridor Planning Study
I Oper.(LOS) [ Des. (N} [ Plan. (vp)

Flow inputs
Volume, V (vehih) 502 Peak-Hour Factor, PHF 0.87
AADT({veh/h) %Trucks and Buses, Py 6
Peak-Hour Prop of AADT (veh/d) %RVs, Pp 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHYV (veh/h) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
A 1.00 Eq 2.0
E, 25 fiy 0.885
Speed Inputs Calc Speed Adj and FFS
Total Lateral Glearance, LC (ff) 12.0 f. ¢ (mih)
Access Points, A (A/mi) 0 .

fy, (mi/h}

Median Type, M ¢ mih
FFS (measured) 60.0 by ()
Base Free-Flow Speed, BFFS FFS (mith) 60.0
Operations Design

Desian (N}

Operalional {LOS)

Flow Rate, A {pcihfing 326
Speed, S (mifh) 60.0
D {pcimifin) 54
LOS A

Required Number of Lanes, N
Flow Rate, v {pefh)

Design LOS

Max Service Flow Rate (pc/hiin)

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)
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|Direc1ionaf demand flow rate in outside lane, v, {Eq. 15-24) veh/n 238.5
“Effective width, W, (Eq. 15-29) #t 24.00
Effective speed factor, §; (Eq. 15-30) 4.79
Blcycle level of service score, BLOS (Eq. 15-31) 336
C

Bicycle level of service (Exhibit 15-4)
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MULTILANE HIGHWAYS WORKSHEET(Direction 1)

|General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 4/30/2012 Jurisdiction Flathead County
Analysis Time Period Median Off Peak Peak Analysis Year 2035
]Project Description US 2 Badrock Canyon Corridor Planning Study
[ Oper.(LOS) I Des. (N} I Plan. (vp)

Flow Inputs
Volume, V (veh/n) 704 Peak-Hour Factor, PHF 0.91
AADT{veh/h) %Trucks and Buses, PT 6
Peak-Hour Prop of AADT (veh/d) %RVs, Py, 4
Peak-Hour Direction Prop, D General Terrain; Rolling
DDHV {veh/h) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
f 1.00 Eq 20
E, 25 frov 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW {ff) 12.0 £, (mih)
Total Lateral Clearance, LC {ft) 12.0 £, (i)
Access Points, A (Afmi) 0 .

fa (mifh)
Median Type, M iy
FFS {measured) 1.0 by ()
Base Free-Flow Speed, BFFS FFS (mirh) 61.0
Operations Design

Design (N)
Operational {LOS) Rw .n d Number of L N

equired Number of Lanes,
zlow Sasle’ Vf};pcmnn) 2370 Flow Rate, , (poh)
, S {mi } .
Dp(eel ﬂ:;n ) 23 Max Service Fiow Rate (pc/h/in)
G .

Log A Design LOS
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 2 of 2

Directional demand flow rate in outside fane, vy, (Eq. 15-24) vehih 336.8

Effective width, W, (Eq. 15-29) ft 24.00

Effective speed factor, S; (Eq. 15-30) 4.79

||Bicycfe fevel of service scare, BLOS (Eq. 15-31) 351
D

fiBicycla level of service (Exhibit 15-4)
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 4730/2012 Jurisdiction Flathead Counly
Analysis Time Period Median Off Peak Peak Analysis Year 2035
[Project Description  US 2 Badrock Canyon Corridor Planning Study
[ Oper.(LOS) I Des. (N) I Plan. (vp)

Flow Inputs
Volume, V (veh/h) 614 Peak-Hour Factor, PHF 0.89
AADT{vehth) %Trucks and Buses, P, 8
Peak-Hour Prop of AADT (veh/d) %RVs, Pp 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHY (veh/h) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
f 1.00 Er 2.0
E; 25 fiv 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ﬁ) 12.0 fLw (m”'h)
Total Lateral Clearance, LC (fy 12.0 f,o (mifh)
Access Points, A (Afmi) 0 )

. fy {mif)

Median Type, M £ i
FFS (measured) 61.0 fy (i)
Base Free-Flow Speed, BFFS FFS (mifh) 61.0
Operations Design

Design (N)
Operational (LOS ReSI .n dNN berof L N
Flow Rate, v_{pc//ln) 389 eduired NUmber otLanes,
Sooed. S F;h 600 Flow Rale, v, {pc/h)
Dpee[, g (mif) 6 5 Max Service Flow Rate (pc/h/in)

c/mifin .
(peimifn} Design LOS

LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

Directional demand flow rafe In oulside lane, v, (Eq. 15-24) veh/h 344.9
Effective widih, W, (Eq. 15-20} i 24.00
Effeclive speed factor, 5; (Eq. 15-30) 4.79
Bicycle level of service score, BLOS {Eq. 15-31) 345
Bicycle level of service (Exhibii 15-4) C
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET (Direction 1)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 4130/2012 Jurisdi_ction Flathead County
Analysis Time Period PM Peak Analysis Year 2035
|Project Description  US 2 Badrock Canyon Corridor Planning Study
[ Oper.(LOS) I Des. (N} I™1 Plan. {vp)
Flow Inputs
Volume, V (veh/h) 586 Peak-Hour Fagtor, PHF 0.89
AADT(veh/h) %Trucks and Buses, P, 6
Peak-Hour Prop of AADT {veh/d) %RVs, Pp 4
Peak-Hour Direction Prop, D General Terrain; Roliing
DDHY {vehfh) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 UpfDown % 0.00
Number of Lanes 2
Calculate Flow Adjustments
fa 1.00 = 20
Ey 25 lhy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft) 12.0 i, (i)
Total Lateral Clearance, LC (ft} 12.0 i, (mil)
Access Points, A (A/mi) 0 )
' f, (mim)
Median Type, M ¢ il
FFS (measured) 62.0 ha (i)
Base Free-Flow Speed, BFFS FFS {mifh) 62.0
Operations Design
Design (N}
Operational (LOS Resn .n o Number of L N
Flow Rale, v_ (po/in) 379 equired Number of Lanes,
P Flow Rate, v_ (pc/h)
Speed, S {milh) 60.0 P
‘ Max Service Flow Rate {pcfh/In)
D (pcfmifln) 6.2 .
Design LOS
LOS A
Bicycele Level of Service

file:///C:/Users/dstoner/AppData/Local/Temp/u2kFODS. tmp
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 2 of 2

Directionat demand flow rate in outside lane, v,y (Eq. 15-24) vehin 329.2
Effective width, W, (Eq. 15-29) it 24.00
Effeclive speed factor, §; {Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 3.42
Bicycle level of service (Exhibit 15-4) cC
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 4130/2012 Jurisdigtion Flathead County
Analysis Time Period PM Peak Analysis Year 2035
[Projeci Description  US 2 Badrock Canyon Corridet Planning Study
[ Oper{LOS) I™ Des. (N} I Plan. (vp)

Flow Inputs
Volume, V (veh/h) 981 Peak-Hour Factor, PHF 0.91
AADT{veh/h) %Trucks and Buses, P; 8
Peak-Hour Prop of AADT (veh/d) %RVs, Py 4
Peak-Hour Direction Prop, D General Terrain; Rolling
DDHV {vehih) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
A 1.00 Eq 2.0
E, 25 fy 0.885
Speed Inputs Calc Speed Adj and FF$S
Lane Width, LW (ﬂ) i2.0 fLW (mlfh)
Total Lateral Clearance, LC (ff) 12.0 f, ¢ (mil)
Access Points, A (A/mi} 0 .

. fa, {mifh)

Medlan Type, M —
FFS (measured) 60.0 h (mifh)
Base Free-Flow Speed, BFFS FFS (mith) 60.0
Operations Design

Design (N}

Operational {LLOS

Flow Rate, Yy {peihiin) 600
Speed, S (mifh) 60.0
D (pc/mifin) 10.1
LOS A

Required Number of Lanes, N
Flow Rate, vy {pch)

Design LOS

Max Service Flow Rate (pcfhifn)

Bicycle Level of Service
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MULTILANE BIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

||D|rectiona1 demand flow rate in outside lane, vy, (Eq. 15-24) veh/h 339.0
HEﬁeclive width, W,, (Eq. 15-29) & 24.00
ﬂEﬁeczive speed factor, S, {Eq. 15-30) 4.79
[Bieycie tevet of service score, BLOS (Eq. 15-31) 367
D

IBicycte fevel of service (Exhibit 15-4)
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Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET

General information Site Information

Analyst David Stoner Highway of Trave! usz2
Agency or Company DOWL HKM FromfTo Columbia F to Hungry H EB
Dale Periormed 11/16/2011 Jusisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035
Projact Desciiption:  US 2 Badrock Canyon Corridor PiafA

Input Data

™ Classinighway [V Glass ibighway [ Class I highway
-— Opposing direction -
—*  Analysis direction —
Ly I-pl Lag Ly
Ly Sive Heeth Breaer

Shoulder width (1) 1.0
Lane Width (ft) 2.0
Segment Length {mi) 1.2
Total length of analysis segment, L, 1.2
Length of two-lane highway upstream: of the passing lane, L 0.0
Length of passing [ang including tapers , Lpl 0.6
Average travel speed, ATS,; (from Directional Two-Lane Highway Segment 418
Worksheet)

Percent time-spent-foltowing, PTSF; (from Directional Two-Lane Highway 844
Sepment Worksheet)

Level of service!, LOS 4 (fram Directional Two-Lane Highway Segment D
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the effective length of

[passing lane for average travel speed, L, (Exhibit 15-23) L7
Length of two-lane highway downstream of effective length of the passing

lane for avg travel speed, L, Ld=LI'(Lu+LpI+ (W -1.10
Adj. factor for the effect of passing lane on average speed, fpI {Exhibit 15- L1
28)

Average travel speed Including passing lane?, ATSpl =(ATS4 L)/ 60
(Lu+Ld+(Lp|pr,)+ (2Ldel(1+fpf, arsh)

Percent free flow speed including passing lane, PFFSp, = (ATSP]I FFS) 83.5
Percent Time-Spent-Following

Length of the downstream highway segment within the effective length of
|passing lane for percent fime-spent-following, L, (Exhibit 16-23) 61
|Length of two-fane highway downsiream of effective lenigth of the passing

lane for percent-time-following, 0

Ly =bifly+ Lot Ly

Adj. factor for the effect of passing fane on percent time-spent-following,

file:///C:/Users/dstoner/AppData/Local/Temp/s2kDD57.tmp 6/27/2012



Directional Passing Lane

Page 2 of 2

FaproelExhibit 15-26) 0.62
Percent time-spent-following including passing lane®, PTSFp,(%) .y
PTSF = PTSF [ Lu+Ld+pr prsebprt Ul prse)2)L g by
Level of Service and Other Performance Measures?
Level of service including passing fane LOSpI {Exhibit 15-3) B
Peak 15-min total fravel time, TT, 5{veh-h) TT, 5= VT, 5IATSp] 35
Bieycle Level of Service
IDirectionai demand flow rate in outside lane. vy, (Eq. 15-24) veh/h 850.5
IEﬂeclive width, W, (Eq. 15-29) #t i3.00
IEﬁeclive speed factor, S, (Eq. 15-30) 4.79
Bicycle fevel of service score, BLOS (Eq. 15-31) 5.94
Bicycle fevel of service (Exhibit 15-4) F
Notes
1. If LOS =F, passing lane analysls cannot be performed.
2. If Ly <0, use alternative Equation 15-18.
3. If L4<0, use alternalive Equation 15-16.
4. vic, VMT, 4 and VMT, are calculated on Directional Two-tane Highway Segment Worksheet.
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Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET

General Information ISfte Information

Analyst David Stoner Highway of Trave! usz2
Agency or Company DOWL HKM From/To Columbia F to Hungry H W8
Date Performed 117152011 Jurisdiction Flathead Counly
Analysls Time Period AM Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor Plan¥ .

Input Data

[ Class | highway v Class |l highway r Class llf highway
- Opposing direction ¢
—*  Analysis direction —
Ly Lyt Lag Ly

! L ] Steaw Heeth Briow

Shoulder width {ft) 1.0
Lane Width (/) 12,0
Segment Length {mi}) 1.8
Total length of analysis segment, L, 18
Length of two-lane highway upstream of the passing lane, L 0.0
Length of passing lane including tapers , Lp] 1.1
Average travel speed, ATS, (from Directional Two-Lane Highway Segment 418
Worksheet)

Percent time-spent-following, PTSF 4 (from Dircctional Two-Lane Highway 16
Segment Worksheet)

Level of service!, LOS . (from Directional Two-Lang Highway Segment D
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the effective length of

passing lane for average travel speed, L (Exhibit 15-23) 1.70
Length of two-fane highway downsiream of effective fength of the passing
[tane for avg teavel speed, Ly LymL AL +L ¢ L) -1.60
Ad]. factor for the effect of passing lane on average speed, fp, (Exhibit 15- Ll
28)

Average travel speed including passing lane?2, tfﬂ'Sp1 =(ATS L)/ 160
(Lu+Ld+(Lp|ifp,)+ (2L, +pr arsh}

Percent free flow speed Including passing lane, PFFSp| = (ATSNI FFS) 83.6
Percent Time-Spent-Following

Length of the downstream highway segment within the effective length of

passing fane for percent time-spent-following, L, (Exhibit 15-23) 648
L.ength of two-fane highway downstream of effeclive tength of the passing
|lane for percent-time-following, -5.78

Ly =tidbyt Lyt Lyg)

Adj. factor for the effect of passing lane on percent time-spent-following,
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Directional Passing Lane

Page 2 of 2

T, prop{Exhibit 15-26) 0.61
Percent time-spent-following including passing fane®, PTSFPI(%) it
PTSF = PTSF [ L+l prsrtot (1l proel2)L g WLy
Level of Service and Other Performance Measures?
Level of service including passing fane LOSpI {Exhibit 156-3} B
Peak 15-min total travel lime, TT,g{veh-h) TT, 4= VMT!SJ‘ATSpl 5.6
Bicycle Level of Service
Directional demand flow rale in outside lane, vy, (Eq. 15-24) veh/h 577.0
Effective width, W, (Eq. 15-29) ft 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
|Bicycle level of service score, BLOS {Eq. 15-31) 5.74
|Bicyc19 ievel of service (Exhibi{ 15-4) F
Notes
1. FLOS,=F, passing lane analysis cannot be performed.
2. i L <0, use alternative Equation 15-18.
3. IfL;<0, use alternative Equation 15-16.
4. vic, VMT,; and VMT,, are calculated on Directional Two-Lane Highway Segment Worksheet.

Copyright © 2012 University of Florida, All Rights Reservad

file:///C:/Users/dstoner/AppData/Local/Temp/s2kF21.tmp

HCS 2010™  version 6.3

Generated: 6/27/2012  10:35 AM

6/27/2012



Directional Passing Lane

Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information [site Information
Analyst David Stoner Highway of Travel us2
Agency or Company DOWL HKM From/To Columbia F to Hungry H EB
Date Performed 11/16/2011 Jurisdiction Flathead Counly
Analysis Time Period Median Off-Peak Analysis Year 2036
Project Description:  US 2 Badrock Canyon Corridor PlaW/
Input Data
i“": Class | highway Vi Class il highway fw Class I} highway
- Gpposing direction -,
— Analysis direction —
Ly Ly Ly La
L St Neeths Arros
Shoulder width {ft} 1.0
Lane Width (ft) 12.0
Segment Length {mi) 1.2
Total length of analysis segment, 1., L2
Length of two-lane highway upstream of the passing lane, L 6.0
Length of passing lane including tapers , Lpl 0.6
Average travel speed, ATS; (from Directional Two-Lane Highway Segment 426
Workshget)
Percent time-spent-following, PTSF 4 (fram Directional Two-Lane Highway e
Segment Worksheet)
Level of service!, LOS 4 (from Directional Two-Lane Highway Segment D
Worksheet)
Average Travel Speed
Length of the downstream highway segment within the effective length of
passing lane for average travel speed, L, (Exhibit 15-23) 176
Length of two-lane highway downstream of effective lenglh of the passing
lane for avg travel speed, L, Ld=L‘-(Lu+Lpl+ Lgg) 1.0
Adj. factor for the effect of passing lane on average speed, fpl {Exhibit 15- il
28}
Average travel speed including passing fane?, ATSPl ={(ATSy L}/
46.9
(Lu+Ld%(LPIIfP1)+ (2Lda!(1+fp,‘ ATSN )
Percent free flow speed including passing lane, PFFSpl = (ATSNI FFS) 83.6
Percent Tinte-Spent-Following
Length of the downsiream highway segment within the effective length of
passing fane for percent time-spent-following, L (Exhibit 15-23) 518
‘Lenglh of two-lane highway downstream of effeclive length of the passing
fane for percent-time-foilowing, -4.58
Eg=Ly(by* Lyt Lyo)
Adj. factor for the effect of passing lane on percent time-spent-following,
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Directional Passing Lane

Page 2 of 2

fy), prap(Exhibit 15-26) 0.62
Percent time-spent-following including passing lane®, PTSFPI(%) 517
PTSF = PTSFl L+t prrl ot (141 pree/ 2L g bty
Level of Service and Other Performance Measures?
ILevef of service including passing lane LOSpl {Exhibit 15-3) B
IPeak 16-min total trave! time, TT,g(veh-h} 7T .= VMT, 5IATSiJI 4.9
Bieycle Level of Service
iDirectional demand flow rate In outside lane, Ve (Eq. 15-24) veh/h 773.6
Effective width, W, (Eq. 15-29) f 13.00
Effective speed factor, $; (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 589
Bleycle level of service (Exhibit 15-4) F

Notes

1. #LOS4=F, passing lane analysls cannot be performed.
2.1fL; <0, use altemalive Equalion 15-18,

3. WL =0, use alternative Equation 15-16.

4. vic, VMT 5 and VIMT, are calculated on Directional Two-Lane Highway Segment Worksheet.
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Directional Passing Lane

Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information |site tnformation
Analyst David Stoner Highway of Travel usz
Agency or Company DOWL HKM FromiTo Columbia F fo Hungry H WB
Date Performed 11/16/2011 Jurisdiction Flalhead Counfy
Analysis Time Period Median Off-Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor Plat
Input Data
[ Class | highway v Class Il highway I~ Class IIf highway
— Opposing direction s
—* __Analysis direclion —
iu Lpl Lde Ld
i Stuowe Heelh rvonr
Shoulder width (ft) 1.0
Lane Width {ft) 12,0
Segment Length (mi) 1.8
Total length of analysis segment, L 1.8
Length of two-fane highway upstream of the passing lane, L 0.0
Length of passing lane including tapers , Lpl L1
Average travel speed, ATS (from Directional Two-Lane Highway Segment 42.7
Worksheet)
Percent lime-spent-following, PTSF 4 (from Directional Two-Lane Highway -
Segmeni Worksheet}
Level of service!, LOS ¢ {from Directional Two-Lane Highway Segment D
Worksheet)
Average Travel Speed
%Lenglh of the downstream highway segment within the effective length of
passing fane for average lravel speed, L ;, {Exhibit 15-23) 170
Length of two-lane highway downstream of effeclive lenglh of the passing
lane for avg travel speed, L Ld=Lt'(Lu+Lpl+ Lyo) -1.oo
Adj. factor for (ke effect of passing fane on average speed, fpl {Exhibit 15- 1
28}
Average travel speed including passing tane?, ATSpI = (ATSy 1}/ Py
(Lu+Ld+(Lpllfp;)+ (2Ldel(1+fp,_ At}
Percent free flow speed including passing lane, F‘FFSPI = (ATSpll FFS) 84.0
Percent Time-Spent-Following
Length of the downstream highway segment within the effective length of
passing tane for percent time-spent-following, L, (Exhibit 15-23) 379
¥Lenglh of two-lane highway downstream of effeclive length of the passing
tane for percent-time-following, -5.09
E'd =Li'(Lu+ Lpl+ Lde)
Adj. factor for the effect of passing fane on percent time-spent-following,
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Directional Passing Lane

Page 2 of 2

fp!' prsrAExhibit 15-26) 0.61
Percent time-spent-following including passing fane?, PTSF,{%)

47.8

PTSFo= PTSFAIL Lyt praply t{T Dy oroed2)L g MLy

Level of Service and Other Performance Measures?
Lavel of service including passing fane LOSpl {Exhibit 15-3) B
Peak 15-min total travel time, TT, g{veh-h) TT15= VMT1 5IATSp] 6.5
Bicycle Level of Service
Directional demand flow rate In cutside fane, voL (Eq. 15-24) veh/h 682.2
|Effec1ive width, W, (Eq. 15-28) ft 13.00
|Effec!ive speed factor, 5, (Eq. 15-30} 4.79
IBicyc!e level of service score, BLOS (Eq. 15-31) 5.83
iBicyc!e level of service (Exhibit 15-4} F

Notes

1. 1fLOS=F, passing lane analysis cannot be performed.
2.1f L, <0, use alternative Equation 15-18,
3. ITL <0, use allemalive Equation 15-16.

4. vfc, VMT, 5 and VMT,, are calculated on Directional Two-Lane Highway Segment Worksheet.
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Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET

General Information Site Informaftion

Analyst David Stoner Highway of Trave) usz
Agency or Company DOWL HKM FromfTo Columbia F to Hungry H EB
Date Performed 11/16/2011 Jurisdiction Flathead County
Analysis Time Period PM Peak Analysis Year 2035
Project Description: U8 2 Badrock Canvoen Corridor Pla/

input Data

" Classinighway Vi Glass ihighway [ Class i highway
-— Opposing direction -
—*  Analysis direction e
Ly Loy e Ly
L Saowe leeth hriow

Shoulder width {f) L0
Lane Width (ft) 2.0
Sepment Length (mi) 1.2
Total length of analysis segment, L, 12
[Length of two-Fane highway upstream of the passing lane, L 0.0
Length of passing lane including tapers , Lpl 0.6
Average travel speed, ATS | (from Directional Two-Lane Highway Segment 418
Worksheet)

Percent time-spent-following, PTSF ; (from Directional Two-Lane Highway 254
Segment Worksheet) .
Level of service!, LOS 4 (from Directional Two-Lane Highway Segment b
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the effective lenglh of

passing lane for average travel speed, 1,;, (Exhibit 15-23) 170
Length of two-lane highway downstream of effeclive length of the passing
|tane for avg travel speed, 14 Ef'—r(‘-u”—pl* Lye) -L.10
Ad}. factor for the effect of passing lane on average speed, fp, (Exhibit 15- X7,

28)

Average lrave) speed Including passing lane?, ATSpl =(ATS " L)/ 160
(Lt d+(Lp|lfpl)+ {2L,/(1 +fpf, arsh}

Percenl free flow speed including passing lane, PFFSpl = (ATSpll FFS) 80.6
Percent Time-Spent-Following

Length of the downstream highway segment within the effective length of

5.92

passing lane for percent ime-spent-following, L, (Exhibit 15-23)

Length of two-tane highway downstream of effective length of the passing
lane for percent-time-following, 5.32
Ly =Ll * Lpl+ Lye)

Adj. factor for the effect of passing lane on percent time-spent-foltowing,
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Directional Passing Lane

Page 2 of 2

{5, prse{Exhibit 15-26) a.61

Percent time-spent-following including passing lane®, PTSFPI(%) 67
PTSFp]= PTSF Lu+Ld+!pI,PTSFLpI+«1 +prPTsF)[2)Ldeth

Level of Service and Other Performance Measures®

Level of service including passing fane LOSp, {Exhibit 15-3) B

Peak 15-min total travet lime, TT, g{veh-h) TT,.= VMT15J'ATSPI 4.3

Bicycle Level of Service

Directional demand flow rale In outside lane, vy, (Eq. 15-24) veh/h 6584

Effeclive width, W, (Eq. 15-29) ft 13.00

Effective speed factor, 8, (Eq. 15-30} 4.7

Bicycle level of service score, BLOS (Eq. 15-31) 5.81

Bicycle level of service {Exhibi{ 15-4} F

Notes

1. fLOS,=F, passing lane analysis cannot be performed.
2. 1L, <0, use alternative Equation 15-18,

3. If14<0, use allernative Equation 15-16.

4. vfe, VMT, 5 and VMT,, are calculated on Directional Two-Lane Highway Segment Worksheet.
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Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Sife Information
Analyst David Stoner Highway of Travel us 2
Agency or Company DOWL HKM From/To Columbla F to Hungry H WB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period FPM Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corrdor PlatPB
Input Data
[0 Class Inighway [V Class lihighway | Class il highway
i Opposing direction -
— Analysis direction ——
Ly I-|JI Lde Ly
] L Shaw Hertht Brrow
Shoulder width {ft} 1.0
Lane Width (ft) 12.0
Segment Length {mi) 1.8
Total length of analysis scgment, L, 1.8
Length of two-lane highway upstream of the passing lane, L 0.0
Length of passing lane including tapers , Ly LI
Average travel speed, ATS, {from Directional Twe-Lane Highway Segment 39.4
Worksheet)
Percent time-spent-following, PTSF 4 {from Directional Two-Lane Highway $0.4
Segment Worksheet) '
Level of service!, LOS 4 {from Directional Two-Lane Highway Segment E
Worksheet)
Average Travel Speed
Length of the downstream highway segment within the effective length of
Ipassing fane for average travel speed, L, (Exhibit 15-23} 1.70
|Length of two-fane highway downstream of effective length of the passing
tane for avg travel speed, L Ld=Lt-(Lu+Lp1+ L) -1.06
Ad). facior for the effect of passing lane on average speed, fp, {Exhibit 15- T,
28)
Average travel speed including passing lane?, ATSP, S{ATS L) f
43.4
(Lu+Ld+(Lpllfp,)+ (2Ldef(1+fp,‘ arsh}
Percent free flow speed including passing lane, PFFS131 = (ATSPII FF8) 78.9
Percent Time-Spent-Following
Length of the downsiream highway segment within the effective length of
3.60

|passing lane for percent time-spent-foltowing, L, (Exhibit 15.23)

1Lenglh of two-lane highway downstream of effective length of the passing
fane for percent-time-following, -2.90
Ly =L1'(Lu+ Lp1+ Lde)

Adj. factor for the effect of passing lane on percent ime-spent-following,
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Directional Passing Lane

Page 2 of 2

fp,' pror(Exhibit 15-26) 0.62
Percenl time-spent-following including passing lane?, PTSFN(%)
56.7
PTSF = PTSF Lu+Ld+fp,‘ PTSFLP,+((1 +pr prsef2ilg It

Level of Service and Other Performance Measures?

Level of service including passing fane LOSp[ {Exhibit 15-3} C
Peak 15-min tolal travet time, TT,5(veh-h) TF 5= VMT, 5/ATSpl 112
Bleycle Level of Service

Directionat demand flow rate In oulside lane, vy, (Eq. 15-24) velvh 1078.0
]Effeclive width, W, (Eq. 15-29) ft 13.00
lEﬁecEive speed factor, S, (Eq. 15-30) 4.79
Bicycle leve! of service score, BLOS (Eq. 15-31) 6.06
Bicycle level of service (Exhibit 15-4) F
Notes

1. fLOS ;=F, passing lane analysis cannot be performed.

2. L <0, use alternative Equation 15-18.

3. if Ly<0, use alternative Equation 15-16,

4. vie, VT, 5 and VMT,, are calculated on Directional Two-Lane Highway Segment Worksheet.
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Improvement Options Report

Appendix 4

Operational
Analysis Worksheets

2035 4-2-4 Adjusted Annual Average
Four-Lane RP 140.0 - RP 140.6
Two-Lane RP 140.6 - RP 141.2

Four-Lane RP 141.2-142.4

Direction 1 = Eastbound
Direction 2 = Westbound




MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

|Genera| Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035
]Project Description  US 2 Badrock Canyon Corsidor Planning Study
I Oper.{LOS) I Des. (N) I Plan. (vp)
Fiow Inputs
Volume, V (veh/h) 398 Peak-Hour Factor, PHF 0.93
AADT(vehih) %Trucks and Buses, P; 6
Peak-Hour Prop of AADT (veh/d) %RVs, P 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHV {veh/h) Grade  Length {mi) ¢.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
A 1.00 Eq 2.0
E, 25 fuy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft} 12.0 f (i)
Total Latera! Clearance, LC {ff) 12.0 f o (milh)
Access Poinis, A (Afmi) 0 .
f, (mifh)
Median Type, M —
FFS (measured) 60.0 i (i)
Base Free-Flow Speed, BFFS FFS (mih) 60.0
Operations Design
Operational {LOS) 288@ d:N N: borof L N
Flow Rate, v. (po/h/n) 241 equired Number of Lanes,
Soeed. S f}h 60.0 Flow Rate, v; (pc/h)
Dpeel, 1 (mifh) . 0 Max Service Flow Rate {pc/hiin)
(peirmifin) ) Design LOS
LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1) Page 2 of 2

Directional derand flow rale in outside lane, v, (Eq. 15-24) vah/h 214.0
Effective widlh, W, (Eq. 15-29) fi 24.00
Effeclive speed factor, S, (Eq. 15-30) 4.79
Bicycle levetl of service score, BLOS (Eq. 15-31) 3.2
Bicycle level of service (Exhibit 15-4) C
Copyright © 2012 Universily of Florida, All Rights Reserved HCS 2010™ Version 8.3 Generated: 6/27/2012 10:52 AM
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 2)

lGeneral Information Site Information
Analyst David Sloner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM FromfTo Columbia Falls to Hungry Horse
Date Performed 413072012 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035
|Project Description  US 2 Badrack Canyon Corridor Planning Study
I~ Oper{LOS) I Des. (N} [ Plan. (vp)
Flow Inputs
Volume, V {veh/h) 250 Peak-Hour Factor, PHF 0.87
AADT{veh/h) %Trucks and Buses, Py 6
Peak-Hour Prop of AADT (veh/d) %RVs, P 4
Peak-Hour Direction Prop, D General Terrain; Rolling
DDHVY {veh/h) Grade Length (mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanas 2
Calculate Flow Adjustments
fp 1.00 Eq 2.0
E; 25 fy 0.885

Speed Inputs

Calc Speed Adj and FFS

Lane Width, LW (ff) 12.0 f. (mifh)

w
Total Lateral Clearance, LC (ft} 12.0 £ (mif)
Access Points, A (A/mi) 0 v .

. 4 (mifh)

Median Type, M

fyy (mifh)
FFS (measured) 60.0
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design
Operational {LOS Design {N)
Operalional {LOS) .
Flow Rate, v, (pehiin) 16 Required Number of Lanes, N
Sosed. S (mifh 600 Flow Rate, v {pchh)

peec . (i) ' Max Service Flow Rate (pc/h/in)

O {pc/mifln) 2.7 )

Design LOS
LGS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

"Dlrectional demand flow rale in outside tane, vy (Eq. 15-24) vel/h 1437
||Effecﬁve widlh, W, (Eq. 15-29) ft 24.00
uEffeclive speed factor, S, (Eg. 15-30} 4.79
[IBicyc!e level of service score, BLOS {Eq. 15-31) 3.00
C

[[Bicycte teve! of service (Exhibit 15-4)
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET (Direction 1)

|Genera| Information Site Information
Analyst David Stoner Highway/Direction to Travet ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdic_:lion Flathead County
Analysis Time Period Median Off-Peak Analysis Year 2035
|Project Description  US 2 Badrock Canyon Corridor Planning Study
I™ Oper.{LOS) I Des. (N) F Plan. {vp)
Flow Inputs
Volume, V (veh/h) 351 Peak-Hour Factor, PHF 0.91
AADT(veh/h) %Trucks and Buses, P 6
Peak-Hour Prop of AADT (veh/d) %RVs, Py 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHY {veh/h) Grade  Length (mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2

Calculate Flow Adjustments
A 1.00 Er 2.0
Ey 25 fy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft) 12.0 f,,, (mim)
Total Later:a! C!earancfe, LC{ffy 120 ch (mif)
Accass Paints, A (A/mi} 0 ,

. f, (mif)
Median Type, M —
FFS (measured) 61.0 uy (mifh)
Base Free-Flow Speed, BFFS FFS (mif) 61.0
Operations Design

Desi
Operational (LOS _g_(_)Rem . dNN ot Lanes
Flow Rate, v_(pc/hiin) 27 equirec umber ot Lanes,
Soeed. S ?Ih 60.0 Flow Rate, v, (pc/h)
Dpeel’ y (i) s Max Service Flow Rale (pe/hfin)
[ .
(pofmifn) Design LOS

LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 2 of 2

Directional demand flow rate in outside lane, v, (Eq. 15-24) veh/h 1929
Effective width, W, (Eq. 15-20) i 24.00
Effective speed factor, S, (Eq. 15-30) 4,79
Bicycle level of service score, BLOS (Eq. 15-31) 315
Bicycle level of service (Exhibit 15-4) C
Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3 Generated: 6/27/2012 10:53 AM
6/27/2012
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Fals to Hungry Horse
Date Performed 4130/2012 Jurisdiglion Flathead County
Analysis Time Period Median Off-Peak Analysis Year 2035
]Projecl Description  US 2 Badrock Canyon Corridor Planning Study
[ Oper.(LOS) I Des. {N) I Plan. {vp}
Fiow Inputs
Volume, V (vehrh) 306 Peak-Hour Factor, PHF 0.89
AADT(veh/h) %Trucks and Buses, P, 6
Peak-Hour Prop of AADT (veh/d) %RVs, Py 4
Peak-Hour Direction Prop, D General Terrain; Rolling
DDHYV {veh/h) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
fo 1.00 Ep 2.0
E; 2.5 iy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ﬁ) 12.0 fLW (mlfh)
Total Lateral Clearance, LC (ft} 12.0 f o (mil)
Access Points, A (A/mi) 0 .
. f,, (mifh)
Median Type, M -
FFS (measured) 61.0 v ()
Base Free-Flow Speed, BFFS FES (mifh) 61.0
Operations Design
Design (N)
Operational (LOS R951 _n 4 Nuber of L N
Flow Rate, v_{pc/hvin) 194 equirec umber otLanes,
Soped S f}h 60.0 Flow Rate, v, (pcih)
peec. ) (mif) ' Max Service Flow Rate (pc/in)
D (pe/mifin} 3.2 )
Design LOS
LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

Directional demand flow rate in outside lane, v, (Eq. 15-24) veh/h 1719
Effective width, W, {(Eq. 15-29) ft 24.00
Effactive speed factor, $; (Eq. 15-30) 479
Bicycle level of service score, BLOS (Eq. 15-31) 3.09
Blcycle level of service (Exhibit 15-4) C
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information

Site Information

Analyst David Stoner Highway/Direction to Travel ~ US 2

Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdiction Flathead County
Analysis Time Perlod PM Peak Analysis Year 2035

[Project Description  US 2 Badrock Ganyon Corridor Planning Study

[ Oper.{LOS) [~ Des. (N) [ Plan. (vp)

Fiow Inputs

Volume, V {vehth) 296 Peak-Hour Faclor, PHF 0.89
AADT(veh/h) %Trucks and Buses, P; 6

Peak-Hour Prop of AADT (veh/d) %RVs, P 4

Peak-Hour Direction Prap, D General Terrain: Rolling

DDHV (veh/h) Grade  Length (mi) 0.00

Driver Type Adjustment 1.00 UpiDown % 0.00

Number of Lanes 2

Calculate Flow Adjustments

fy 1.00 Ep 20

Ep 25 fy 0.885

Speed Inputs Calc Speed Adj and FFS

Lane Width, LW (ﬂ) 12.0 fLW (m1[h)

Total Lateral Clearance, LC (it} 12.0 f_c (i)

Access Points, A {Afmi) 0 .

. f (mifh)

Median Type, M ¢ el

FFS (measured) 62.0 v (i)

Base Free-Flow Speed, BFFS FES {mith) 620
Operations Design

Design {N)

Operational (LOS)

Flow Rate, v {pciiin) 187
Speed, S {mi/h) 60.0
B {pc/mifin) 31
LOS A

Required Number of Lanes, N
Flow Rate, A (pcfh)

Max Service Flow Rate (pc/h/in)
Design LOS

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 2 of 2

Bicycle level of service (Exhibit 15-4)

Directional demand flow rate In outside lane, v, (Eq. 15-24) veh/h 166.3
Effactive width, W, (Eq. 15-29) # 24.00
Effective speed factor, S, (Eq. 15-30) 4.79
Blgycle level of service score, BLOS (Eq. 15-31) 3.08
C

Copyright @ 2012 University of Florida, Al Rights Reserved
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direction o Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdiction Flathead County
Analysis Time Period PM Peak Andlysis Year 2035
[Projecl Description  US 2 Badrock Canyon Corridor Planning Study
[~ Oper{LOS) I Des. (N) [ Plan, (vp)

Flow Inputs
Volume, V {veh/h) 491 Peak-Hour Factor, PHF 0.91
AADT({vehfn) %Trucks and Buses, P, 6
Peak-Hour Prop of AADT {veh/d) %RVs, Py 4
Peak-Hour Direction Prop, D General Tetraln: Rolling
BDHV {veh/h) Grade  Length (mi) 0.00
Driver Type Adjustment 1.00 Up/Bown % 0.00

Number of Lanes 2
Calculate Flow Adjustments
f, 1.00 Eg 2.0
E; 25 fuy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft) 12.0 £, (mifh)
Total Lateral Clearance, LC (it} 12,0 e (mifh)
Access Poinls, A (Afmi) 0 .

i fy (mifh}

Median Type, M (il
FFS (measured) 60.0 v (i)
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design

Design {N)
Operational (LOS) Res' . A Numberof Lanes
Flow Rale, v_ (pchn) . equired Number of Lanes,
Soped. S f}h 600 Flow Rate, v, (pcfh)
Dpee/, ’ (i) 5 1 Max Service Flow Rate (pc/hfin)

(peinin) ' Design LOS

LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

IiDirectlonaI demand flow rale in outside lane, v, (Eq. 16-24) velvh 269.8
"Effecﬁve width, W, (Eq. 15-29) fi 24.00
uEﬂeclive speed factor, §; (Eq. 15-30) 479
||Bicyc!e level of service score, BLOS {Eq. 15-31) 3.32
C

([Bicycte tevel of servic (Exhibit 15-4)

Copyright © 2012 Universily of Florida, Al Rights Reserved
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Directional Passing Lane

Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel usz2
Agency or Company DOWL HKM From/To Columbia F te Hungry H EB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035
Project Descriplion: S 2 Badrock Canyon Corridor Plal~aB
Input Data
i Class | highway W Class [l highway - Class I highway
- Opposing direction *——
—>  Awalysis direction —
Ly !-p[ Ldv Lg
] L S Nevth Areowr
Shoulder width () 1.0
Lane Width (/1) 12.0
Segment Length (mi) 1.2
Total length of analysis segment, L, L2
Length of two-lone highway upstream of the passing lane, L, 0.0
Length of passing lane including tapers , Lpl 0.6
Average travel speed, ATS  (from Directional Two-Lane Highway Segment 453
Worksheet)
Percent time-spent-following, PTSF ; (from Directional Two-Lane Highway 69.8
Segment Worksheet) ’
Level of service!, LOS 4 {from Directional Two-Lane Highway Segment c
Worksheet)
Average Travel Speed
Length of ihe downstream highway segment wilhin the effective lenath of
passing lane for average travel speed, L, (Exhibit 15-23) L7
!Lenglh of two-lane highway downstream of effective length of the passing
lane for avg travel speed, Ly Ly=Lo(L,+Lor+ Lyg) 10
Adj. factor for the effect of passing lane on average speed, fpI (Exhibit 15- 116
28)
Average travel speed Including passing lane?, ATSpl ={ATS;" L)/ 95
(Lu+Ld+(Lp|pr,)+ (2L g (1 ”pf, atsh) :
Percent free flow speed including passing tane, PFFSP, = (ATSP,I FFS) 89.8
Percent Time-Spent-Following
Length of the downstream highway segment within the effective length of
|passing lane for percent time-spent-following, Lde {Exhibit 15-23) 24
|Length of twe-lane highway downstream of effective length of the passing
lane for percent-time-following, -6.89
Lg =k {Ly+ Lot Lyg)
Adj. faclor for the effect of passing lane on percent ime-spent-following,
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Directional Passing Lane
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lfP', prsp(Exhibit 15-26) 0.61

'Percen! time-spent-following including passing lane®, PTSFN(%) i
PTSFp|= PTSF{ Lu+Ld+rpi,PTSFLp1*((1 +fp,‘,,7.-315).’2)Lde§JfLi '

Level of Service and Other Performance Measures?

Level of service including passing lane LOSp1 {Exhibit 15-3) B

Peak 15-min total travel time, TT, ;(veh-h} TTg= VMT15IATSP| 2.6

Bicycle Level of Service

Directional demand flow rate in outside lane, v, (Eq. 15-24) veh/h 428.0

Effective width, W, (Eq. 15-20) ft 13.00

|Effecﬁve speed facler, §; (Eq. 15-30) 4.79

IBicycle level of service score, BLOS {(Eq. 15-31) 5.59

iaicyc!e level of service {(Exhibit 15-4) F

Noles

1. IfLOS=F, passing lane analysis cannot be performed.

2. If L4 <0, use alternalive Equation 15-18.

3. If L4<0, use alternative Equalion 15-186,

4. vlc, VMT, ; and VMT,, are calculated on Directional Two-Lane Highway Segment Worksheet.

Copyright € 2012 University of Florida, All Rights Reserved
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Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel usz
Agency or Company DOWL HKM FromiTo Columbia F to Hungry H WB
Date Performed 11/15/2011 Jurisdliction Flathead County
Analysis Time Period AM Peak Analysis Year 2035
lProiect Description: US 2 Badrock Canyon Corridor Plaft
Input Data
I Classthighway IV Classfinighway [ Class il highway
-— Oppesing direction -
—>  Analysis direclion —
Ly i-pl i-de Ld
i ) Shavr Harth Pasowy
Showlder width (ft) 1.0
Lane Width (ft) 12.0
Segiment Lengih i) 1.8
Total length of analysis segment, L, 18
Length of two-lane highway upstream of the passing lane, L, 0.0
Length of passing lane including tapers L, 11
Average fravel speed, ATS,, (from Directional Two-Lane Highway Segment 45.8
Worksheet)
Percent time-spent-following, PTSF ; (from Directional Two-Lane Highway 578
Segment Worksheet)
Level of service?, LOS, {from Directional Two-Lane Highway Segment o
Waorksheet)
Average Travel Speed
Length of the downstream highway segment within the effective length of
passing lane for average travel spaed, L, (Exhibit 15-23} 1.70
Length of two-tane highway downslream of effective length of the passing
|tane for avg travel speed, L, Ld=Ll-(Lu+Lp|+ Lye} -1.06
Adj. factor for the effect of passing fane on average speed, fp[ {Exhibit 15- 110
28)
Average lravel speed including passing fane?, }’\T“S‘.pl ={ATS L)/ 00
(Lu+i‘d+(l‘p%/fpl)+ (ZLde’(1 +pr,ATS)) )
Percent free flow speed including passing lane, PF Fsp] = (ATSP'I FFS) 90.9
Percen! Time-Spent-Following
Length of the downslream highway segment within the effective length of
9.64

passing lane for percent time-spent-following, L4 (Exhibit 16-23)

Length of two-lane highway downsiream of effective lenglh of the passing
liane for percent-time-following, 894
Ld =Lt'({'u+ 1‘pl"- [‘de)

Ad]. factor for the effect of passing fane on percent time-spent-following,
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Directional Passing Lane

{1 proplExhibit 15-26)

Page 2 of 2

0.60

|Percent time-spent-following inctuding passing lane?, PTSFP%(%)

PTSF = PTSFl L Lt propl ot (141 prepd )L L

35.0

Level of Service and Other Performance Measures®

[Level of service including passing lane LOSp] {Exhibit 15-3)

Peak 16-min total travel time, TT,g{veh-h} TT,,= VMT, 5J'ATSp|

26

Bicycle Level of Service

Directional demand flow rate in outside lang, v, (Eq. 15-24) veh/h

287.4

Effective widlh, W, (Eq. 15-20) ft

13.00

Effective speed factor, §; {Eq. 15-30)

479

Bicycle level of service score, BLOS (Eq. 15-31)

5.39

Bicycle level of service (Exhibit 15-4)

Nofes

1. IfLOS =F, passing lane analysis cannot be performed.
2.1 Ly <0, use alternalive Equalion 15-18.
3. tfL <0, use altemalive Equation 16-18.

4. vic, VMT ¢ and VMT, are calculated on Directional Two-Lane Highway Segment Worksheet.
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Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travs! us 2z
Agency or Company DOWL HKM FromiTo Columbia F fo Hungry H EB
Date Performed 1171572011 Jurisdiction Flathead County
Analysis Time Period Median Off-Peak Analysis Year 2035
Project Descriplion;  US 2 Badrock Canyon Corridor Plafi3¥B
Input Data
. Class | highway v Class |l highway I Class IIl highway
- Opposing direction -
— Analysis direction e
Lu I-|JI I—da Ld
Ly ] Showr Noelb frtass
Shoulder width (fi) 1.0
Lane Widgth (ft) 12,0
Segment Length (mi} 1.2
Total length of analysis segment, L, L2
Length of two-fane highway upstream of the passing lane, L, 0.0
Length of passing lane including tapers , Lpl 0.6
Average travel speed, ATS, (from Directional Two-Lane Highway Segment 16.3
Worksheet)
Percent time-spent-following, PTSF, {from Directional Two-Lane Highway 9.1
Segment Worksheet)
Level of service!, LOS 4 (from Directional Two-Lane Highway Segment Fol
Worksheet)
Average Travel Speed
Length of the downstream highway segment within the effective length of
passing lane for average travel speed, L 4o (Exhibit 15-23} 176
Length of hvo-lane highway downstream of effeclive tength of the passing
lane for avg travel speed, L Ld=Lt-(Lu+Lp|+ Lied -1.10
Adj. factor for the effect of passing lane on average speed, fpl (Exhibit 15- 110
28)
Average travel speed including passing lane?, ATSpI = (ATS L)/ o

(Lu+Ld+(Lp,Itp])+ (2L 4/ +pr arsh )
fPercent free flow speed including passing lane, PFFSpl = (ATSprI FFS} 20.1

Pearcent Time-Spent-Following
Lenglh of the downstream highway segment within the effective fenath of

passing lane for percent time-spent-following, L ;, (Exhibit 15-23) 21

Langth of two-lane highway downstream of effective length of the passing
lane for percent-time-following, 711
L4 =Ll'(Lu+ Lp!* Lde)

Adj. factor for the effect of passing lane on percent lime-spent-following,
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fpl, proptEXhibit 15-28) 0.61
Percent fime-spent-following including passing lane®, PTSFP,(%}
2.7
PTSF = PTSF | Lu+Ld+fp]) PTSFLPI+((1 +fp,' preel2)l gV
Level of Service and Other Performance Measures?
Eevel of service including passing lane LOSpl {Exhibit 15-3) B
IPeak 16-min total travel time, TT,(veh-h) TT 4= VMT, 51'I\T8pI 2.3
Bieycle Level of Service
jDirectional demand flow rate in outside lane, vy, (Eq. 15-24) vehin 385.7
Effective width, W, (Eq. 15-29) ft 13.00
Effective speed factor, 8, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5.54
Blcycle levet of service (Exhibit 15-4) F
Notes
1. IfLOS =F, passing lane analysis cannot be performed.
2.1f L <0, use alternative Equation 15-18.
3, i Ly<0, use alternative Equation 15-16.
4. vic, VMT, ¢ and VMT,, are calculated on Directional Two-Lane Highway Segment Worksheet.
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Directional Passing Lane Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel us2
Agency or Company DOWL HKM From/To Columbia F to Hungry H WB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period Meadian Off-Peak Analysis Year 2035
Profect Descriplion:  US 2 Badrock Canyon Corridor Pla¥; ¥4¥B

Input Data

r“ Class | highway 2 Class Il highway r Class {li highway

-— Opposing direction -
— Analysis direction —
l-u Lp} lde t-|:J
| L ] Ko feeth frro
Shoulder width {ft} 1.0
Lane Width (ft) 12,0
Segment Length (i) 1.8
Totat length of analysis segment, L, L8
Length of two-lane highway upstteam of the passing lang, L, 0.0
Length of passing lang including tapers , Lot 11
Average travel speed, ATS, (from Directional Two-Lane Highway Segment J6.4
Worksheet)
Percent time-spent-following, PTSE 4 {from Directional Twe-Lane Highway 5.1
Segment Worksheet)
Level of service!, LOS, (from Directional Two-Lane Highway Segment c
Worksheet)
Average Travel Speed
Length of the downstream highway segment within the effective fength of
|passing lane for average travel speed, L 4o (Exhibit 16-23) L70
qLength of two-lane highway downstream of effective length of the passing
lane for avg fravel speed, L Ll ot Ly -1.00
Ad]. factor for the effect of passing lane on average speed, l‘pl (Exhibit 15- 110
28}
Average lravel speed including passing lane?, ATS o1 = (ATS L)/ 507
(Lu+Ld+(Lpllfp§)+ (2L f(1 +fpf. arsh)
Percent free flow speed including passing tane, PFFS'JI = (ATSNI FFS) 9.5
Percent Time-Spent-Following
tength of the downstream highway segment within the effective length of
passing lane for percent fime-spent-following, Ly (Exhibit 15-23) 803
Length of two-lane highway downstream of effective length of the passing
lane for percent-time-following, -7.33

Ly =Ldly+ Lot Lyg)

Adj. faclor for tha effect of passing fane on percent time-spent-following,
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fp,,PTSF(Exhibit 15-26) 0.67
{Percent time-spent-following including passing lane®, PTSFDI(%)
i)
PTSF,= PTSF Lu+Ld+fp|' PTSFLP,+((1 +fp,. prse2t g ity

Level of Service and Other Performance Measures?
Level of service Including passing fane LOSpl (Exhibit 15-3) B
Peak 15-min total travel time, ¥T,(veh-h) TT,.= VMT, 5IATSN 3.1
Bleyele Level of Service
Directional demand flow rate in outslde lane, v, {(Eq. 15-24) velvh 3438
Effactive width, W, (Eq. 15-29) ft 13.60
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 548
Bicycle level of service (Exhibit 15-4) E
Notes
1. HLOS =F, passing lane analysis cannot be performed.
2. liL; <0, use allernative Equation 15-18.
3. If Ly<0, use alternative Equation 5-16.
4. vic, VMT,; and VMT, are calculated on Directional Two-Lane Highway Segment Worksheet.
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Directional Passing Lane Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET

General Information Site Information

Analyst David Stonsr Highway of Travel Usz
Agency or Company DOWL HKM FromfTo Columbia F fo Hungry H EB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period PM Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor PlaY{¥8

Input Data

ass | highway ¥t Class |l highway . Class il highwa
™ Class I high ¥ Class Iinighway | Glass It highway
-— Opposing direction e
—=  Amlysis direclion —
Ly Lp! L Ly
L ] Show Nenth Preow

Shoulder width (ft) 1.0
Lane Width {ft) 12.0
Segmient Length (mi) 1.2
Total tength of analysis segment, £, 1.2
Length of two-Tane highway upstream of the passing fane, L a.0
JLength of passing lane including tapers , L, 0.6
Average travel speed, ATS  (from Directional Two-Lane Highway Segment 472
Worksheet)

Percent time-spent-following, PTSF (from Directional Two-Lane Highway 0.0
Sepment Worksheet) .
Level of service!, L.OS, (from Directional Two-Lang Highway Segment c
Worksheet)

Average Travel Speed

Lenglh of the downsiream highway segment wilhin the effective length of

passing lane for average travel speed, L, (Exhibil 15-23) 170
Length of two-lane highway downstream of effective fength of the passing

lane for avg travel speed, L Ld'-=Lr(Lu+Lp[+ Lyo) -1.18
Adj. factor for the effect of passing fane on average speed, fpl {Exhibit 15- 110
28)

Avarage travel speed Including passing fane?, ATSp = (ATS " L}/ st
(Lu+Ld+(Lp|n'fp1)+ (2L +fpf, arsh) '
|Percent free flow speed including passing lane, PFFSpI = (ATSpll FFS}) 920.3
Parcent Time-Spent-Following

Lenglh of the downstream highway segment within the effeclive length of

passing lane for percent time-spent-following, 1.4, (Exhibit 15-23) 8.24
Length of two-lane highway downstream of effactive length of the passing

lane for percent-time-following, 764

Lg =L (b Lot Lge)

Adj. factor for lhe effect of passing lane on percent ime-spent-following,
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i prselEXhibit 15-26) 0.69
[Percent time-spent-following including passing laned, PTSFpl(%) oy
PTSF,= PTSFyl Lytlato prarla {1 prspl2laelly

Level of Service and Other Performance Measures?

Level of service Including passing lane LOSp] {Exhibit 15-3} A
Peak 15-min total ravel time, TT,g(veh-h) TT,,= VMT, ATS, 1.9
Bicycle Level of Service

Directionat demand flow rate in outside lane, v, (Eq. 15-24) veh/h 3326
Effective widlh, W, (Eq. 15-29) f 13.00
Effective speed factor, §; (Eq. 15-30) 4.79
Bicycle levet of service score, BLOS (Eq. 15-31) .46
Bicycle level of service (Exhibit 15-4) E
Notes

1. fLOS =F, passing lane analysis cannot be performed.

2. if 4 <0, use allernative Equation 15-18.

3. 1fL;<0, use alternative Equation 15-16.

4. vic, VMT,; and VMT, are calculaled on Direclional Twe-Lane Highway Segment Worksheet,
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2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET

General Information Site Information

Analyst David Sfoner Highway of Travel usz
Agency or Gompany DOWL HKM From/To Columbia F to Hungry H WB

Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period PM Peak Analysis Year 2035
Project Description: U8 2 Badrock Canyon Corridor Plac¥4iB

Inpul Data

I Classinighway ' Classiinighway 1. Class 1l highwa
y
-— Opposing direction -
—  Analysis direclion —
Ly Lpl lde i-d
L j Stuow fah freowr

Shoulder width {ft) Lo
Lane Width (f1) 12.0
Segment Length (mi) 1.8
Total length of analysis segment, L, 1.8
Length of two-lane highway upstream of the passing lane, L, 0.0
Length of passing lane including tapers, Lpi 11
Average fravel speed, ATS, (from Directional Two-Lane Highway Segment 445
Worksheet}

Percent time-spent-following, PTSE,; (from Directional Two-Lane Highway 755
Segment Worksheet) l
Level of service!, LOS 4 {from Directional Twe-Lane Highway Segment D
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the effective length of

passing lane for average travel speed, L, (Exhibit 15-23) 170
Length of two-lane highway downstream of effective length of the passing
Jlane for avg travel speed, Ly Ly=LeL tLy* L) -1.00
Ad]. factor for the effect of passing lane on average speed, fp1 (Exhibit 15- 110

28)

Average travel speed including passing lane?, ATSP, ={ATS* L)/ 156
(Lu+Ld+(Lp,prl)+ (2L 4,71 +fp,' arah}

Percent free flow speed including passing lane, PFFSpl = (ATSptl FFS} 88.3
Percent Time-Spenf-Following

Length of the downstream highway segment wilhin the effeclive length of

passing lane for percent time-spent-following, L, (Exhibit 15-23) 6.75
Length of two-lane highway dewnstream of effective length of 1he passing

lane for percent-ime-foltowing, 6.05

L =Llly* Lyt Lgo)

Adj. factor for the effect of passing fane on percent time-spent-following,
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£, prop(Exhibit 15-26) 0.61
Percent fime-spent-following including passing lane®, PTSFPI(%) 165
PTSF = PTSFyl Lytbatlo propbart (10, prept 2l ity

Level of Service and Other Performance Measures?

Levet of service including passing tane LOSps (Exhibit 15-3) B
Peak 15-min tolal travel ime, TT, ,(veh-h)  TT 5= VMT, ATS, 5.0
Bicycle Level of Service

Directional demand flow rate in outside lane, Vo (Eq. 15-24) vehrh 539.6
Effective width, W (Eq. 15-29) ft 13.00
lEﬁec{ive speed factor, 8, (Eq. 15-30) 4.79
IBicyc!e level of service score, BLOS (Eq. 15-31) 571
EBicyc!e level of service (Exhibit 15-4} F
Notes

1. IFLOS =F, passing lane analysis cannot be performed.

2, If L4 <0, use alternative Equation 15-18.

3. If L;<0, use alternative Equation 15-16,

4. vlo, VMT, 5 and VMT, are calculated on Directional Two-Lane Highway Segment Worksheet.
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Improvement Options Report

Appendix 4

Operational
Analysis Worksheets

2035 4-3-4 Peak Season
Four-Lane RP 140.0 - RP 140.6
Three-Lane RP 140.6 - RP 141.2
Four-Lane RP 141.2-142.4

Direction 1 = Eastbound
Direction 2 = Westbound




MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From(To Columbia Falls to Hungry Horse
Dale Performed 413012012 Jurisdigtion Flathead County
Analysis Time Period AM Peak Analysis Year 2035
]Project Description  US 2 Badrock Canyon Gorridor Planning Study
I Oper{LOS}) [ Des. (N) £ Plan. (vp)

Flow Inputs
Volume, V (veh/h) 791 Peak-Hour Factor, PHF 0.93
AADT(veh/h) %Trucks and Buses, Py ]
Peak-Hour Prop of AADT (veh/d) %RVs, Py 4
Peak-Hour Direction Prop, D General Terrain: Ralling
DDHY {veh/h) Grade Length {mi) 0.00
Driver Type Adjustment 1.00 UpfDown % 0.00

Number of Lanes 2
Calculate Flow Adjustments
f, 1.00 Er 2.0
E; 25 fy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft) 12.0 F (i)
Total Lateral Clearance, LC (ft} 12.0 f_c (mih)
Access Points, A (A/mi) 0 ,

. f, (mif)

Median Type, M .
FFS (measured) 60.0 w (1)
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design

Design {N)

Operational (LOS)

Required Number of Lanes, N

Flow Rate, v_{(pcihfin

Spped. S ;;;p ) Zg% Flow Rate, v, (pc/h)

Dpee /’ 0 (mil) g 0 Max Service Flow Rate (pc/hfin)
(pefmi) ' Design LOS

LOS A

Bicycle Level of Service
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|Direcliona1 demand flow rate in outside lane, v,; (Eq. 15-24) veh/h 4253

HEﬁecEive width, W, (Eq. 15-29) &t 24.00

[IEﬁective speed faclor, §; (Eq. 15-30) 4.79

"Bicycle fevel of service score, BLOS (Eq. 15-31) 3.55

||Bicycre fevel of service (Exhibil 15-4) D

Copyright © 2012 University of Flerida, All Rights Reserved HCS 2010™ Version 6.3 Generated: 6/27/2012 4.01 PM
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information

fnalyst David Stoner Highway/Direction fo Travel ~ US 2

Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse

Date Performed 4/30/2012 Jurisdi{;lion Flathead County

Analysis Time Period AM Peak Analysis Year 2035

[Project Description  US 2 Badrock Canyon Corridor Planning Study

I~ Oper{LOS) [~ Des. {N) [ Plan. (vp)

Flow Inputs

Volume, V (vehth) 502 Peak-Hour Factor, PHF 0.87

AADT{veh/h) %Trucks and Buses, P; 8

Peak-Hour Prop of AADT (veh/d) %RVs, Pr 4

Peak-Hour Direction Prop, D General Terrain: Rolling

BOHY {vehth) Grade  Length {mi) 0.00

Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2

Calculate Flow Adjustments

fo 1.00 Eq 2.0

E; 25 fy 0.885

Speed Inputs Calc Speed Adj and FFS

Lane Width, LW {ft) 12.0 £, (i)

Total Lateral Clearance, LC (ft} 12.0 o (mifh)

Access Points, A {&/mi) 0 .

. fy (mifh)

Median Type, M i

FFS (measured) 60.0 fy (mih)

Base Free-Flow Speed, BFFS FFS (mifh) 60.0

Operations Design

Operalional (LOS) _q_(_)gem . ;N orof Lanes

Flow Rale, v_(pc/hin) 206 equired Number of Lanes,

P Fiow Rate, v_(pc/h)
Speed, S (mifh) 60.0 o F
D (pcfmif) 54 Max Service Flow Rate {pc/hiln)
P ' Design LOS
LOS A

Bicycle Level of Service
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Page 2 of 2

|Direclionai demand flow rate in oulside lane, v, {Eq. 15-24) veh/h 288.5

||Eﬂec!ive vidth, W, {Eq. 15-28) ft 24.00

.lEﬁecEive speed factor, S, (Eq. 15-30) 4.79

Bicycle level of service score, BLOS (Eq. 15-31) 336

Bicycle level of service (Exhibit 15-4) C

Copyright @ 2012 Universily of Florida, All Rights Reserved HCS 2010™ Version 6.3 Generated: 6/27/12012 4:01 PM
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MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information

Site Information

Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM FromiTo Columbia Falls to Hungry Horse
Date Performed 4130/2012 Jurisdigiion Flathead County
Analysis Time Period Median Off Peak Peak Analysis Year 2035
|Pfojeci Description  US 2 Badrock Canyon Corridor Planning Study
I” Oper.{LOS) I Des. (N) I Plan. (vp)
Flow Inputs
Volume, V (veh/h) 704 Peak-Hour Faclor, PHF 0.91
AADT(veh/h) %Trucks and Buses, Py 6
Peak-Hour Prop of AADT (vehid) %RVs, Pr 4
Peak-Hour Direclion Prop, D General Terrain: Rolling
DDHV (veh/h) Grade  Length (mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
f, 1.00 Eq 20
E; 25 fay 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW {ft) 12.0 £, (mifh)
Tolal Laleral Clearance, LG (ft) 120 [, (mith)
Access Points, A (Almi) 0 .
. £, (mifh)
Median Type, M —
FFS (measured) 61.0 w (i)
Base Free-Flow Speed, BFFS FFS {mifh) 61.0
Operations Design
Design (N)

Operationat {LOS)

Required Number of Lanes, N

Flow Rate, v_{pcf/in
p (Pe/in) 437 Flow Rate, v_{pcfh)
Speed, S (mifh) 60.0 P
) Max Service Flow Rate {pc/h/in)
O (pcimifin) 7.3 .
Design LOS
LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)
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|D_ireclional demand flow rate in outside lane, vy, (Eq. 15-24) velvh 386.8

||Effeclive width, W, (Eq. 15-29) f 24.00

"Ef{ec!ive speed factor, 8, (Eq. 15-30) 4.79

liBicycle level of service score, BLOS (Eq. 15-31) 351

||Bicycle tevel of service (Exhibif 15-4) D

Copyright © 2012 University of Florida, All Rights Reserved HCS 20100™ Varsion 6.3 Generated: 6/27/2012 4:02 PM
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information

Analyst David Stoner Highway/Direction to Travel ~ US 2

Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 4/30/2012 Jurisdigtion Flathead County
Analysis Time Period Median Off Peak Peak Analysis Year 2035

[Projecl Description  US 2 Badrock Canyon Corridor Planning Study

[ Oper.(LOS} [ Des. (N) I Plan, (vp)

Flow Inputs
Volums, V {vehth) 614 Peak-Hour Factor, PHF 0.89
AADCT{veh/h) %Trucks and Buses, Py 6

Peak-Hour Prop of AADT (veh/d) %RVs, P 4

Peak-Hour Direction Prop, D General Terrain: Rofling

DDHVY {veh/h}) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2

Calculate Flow Adjustments

fy 1.00 = 20

E, 2.5 fy 0.885

Speed Inputs Calc Speed Adj and FFS

L
Total Lateral Clearance, LC (f}) 12,0 £ (milh)
Access Points, A {Afmi) 0 .
i fy (mifh)

Median Type, M ¢ i

FFS (measured) 61.0 (i)

Base Free-Flow Speed, BFFS FFS (mifh) 61.0
Operations Design

Design (N}

iOperatichal {LOS)

Flow Rate, vy {pcihiln) 380
Speed, S (mifh) 80.0
D {pe/mifin) 8.5
LOS A

Required Number of Lanes, N
Flow Rate, vy {peh)

Max Service Flow Rate (pc/hiin)
Design LOS

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Directional demand flow rate In outside lane, v, (Eq. 16-24) veh/h

Page 2 of 2

344.9
Effeclive width, W, (Eq. 15-29) f 24.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 345
Bicycle level of service (Exhibit 15-4) C
Copyright © 2012 Universily of Florida, All Rights Reserved
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)
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MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columba Falls to Hungry Horse
Date Performed 413072012 Jurisdigtion Flathead County
Analysis Time Period PM Peak Analysis Year 2035
]Project Description  US 2 Badrock Canyon Corridor Pianning Study
I Oper.{LOS) I Des. (N) I™ Plan. (vp)
Flow Inputs
Volume, V {veh/h) 586 Peak-Hour Factor, PHF 0.89
AADT({veh/h) %Trucks and Buses, P 6
Peak-Hour Prop of AADT {veh/d) %RVs, Py, 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHV (veh/n) Grade  Length (mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
£ 1.00 Ep 20
E; 25 fuy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft) 12.0 £, (mih)
Total Lalerle Clearance, LC {fy 12.0 fLc (i)
Access Points, A {Afmt) 0 .
fy (mifh)
Median Type, M —
FFS {measured) 62.0 w (i)
Base Free-Flow Speed, BFFS FFS {mifh) 620
Operations Design
Design (N)

Operational (LOS)

Flow Rate, A {pcih/in) 372
Speed, S (mifh) 60.0
D {pc/mifin) 6.2
LOS A

Required Number of Lanes, N
Flow Rate, Vo {peih)

Max Service Flow Rate (pc/h/in)
Design LOS

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

IDirectiona! demand flow rate in outside lane, v, (Eq. 15-24) veh/h

Page 2 of 2

329.2
Effactive width, W, (Eq. 15-29) ft 24,00
Effective speed facior, 8; (Eq. 15-30} 4,79
Bicycle level of service score, BLOS {Eg. 15-31) 342
Bicycle level of service (Exhibit 15-4) C
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdiglion Flathead County
Analysis Time Period PM Peak Analysis Year 2035
[Projecl Description  US 2 Badrock Canyon Corridor Planning Study
I Oper.(LOS) [ Des. (N) I Plan. (vp)

Flow Inputs
Volume, V (veh/h) 981 Peak-Hour Factor, PHF 0.91
AADT{vehih) %Trucks and Buses, P, 8
Peak-Hour Prop of AADT (veh/d) %RVs, Py 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHY {veh/h) Grade  Length (mi) 0.00
Driver Type Adjusiment 1.00 Up/Down % 0.00

Number of Lanss 2
Calculate Flow Adjustments
f 1.00 Eq 20
E; 25 v 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft 12,0 f,, (mith)
Total Later'a! C[earancfe, LC{fy 120 i, (i)
Access Points, A (A/mi) 0 .

. fy {mih)

Median Type, M -
FFS (measured) 60.0 w (i)
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design

Design {N)

Operaiional (LOS

Required Number of Lanes, N

Flow Rate, v_{pc/hfin
Soeed S f’ﬁgp ) gg% Flow Rate, Yy (pcih)
peed, ) (mifh) | Max Service Flow Rate {pc/ivin}
D (pc/mifin) 10.1 )
Design LOS
LOS A
Bicycle Level of Service
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|Directional demand flow rate in outside lane, v, (Eq. 15-24) veh/n 5390

HEﬁec!ive width, W, (Eq. 15-29) 24.00
"Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle Tevel of service score, BLOS (Eq. 15-31) 3.67
D

Bicycle level of service (Exhibit 15-4)
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Directional Passing Lane
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2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET

General Information Site Information

Analyst David Stoner Highway of Fravel us?2
Agency or Company DOWL HKM FromfTo Columbia F fo Hungry H EB
Date Performed 117152011 Jurisdiction Flathead County
Analysis Time Perlod AM Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyen Corridor Pla=a

Input Data

I~ Crass | highway W~ Class H highway I~ Class IIf highway
o, Opposing direction e
— Analysis direction —>
Lu I-pI f-de Ld
,L; Show Heelly Prrow

Shoulder width (1) 1.0
i.ane Width {ft) 12.0
ﬁment Length {mi) 1.2
Total length of analysis segment, L, 1.2
Length of two-lane highway upstream of the passing lane, L, 0.0
Length of passing Jane including tapers , L 0.6
Average travel speed, ATS 4 {from Directional Two-Lane Highway Segment 418
Worksheet)

Percent time-spent-following, PTSE (from Directional Twe-Lane Highway 846
Segment Worksheet) .
Level of service!, LOS 4 (from Diecctional Twe-Lane Highway Segment D
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the effective lenglh of

passing fane for average ravel speed, 1, (Exhibit 16-23) 179
Length of two-lane highway downstream of effective lenglh of the passing

lane for avg travel speed, L Ld=Lt-(Lu+Lp|+ Ly 110
Adj. factor for the effect of passing lane on average speed, fpl ({Exhibit 15- L1
28)

Average travel speed including passing tane?, ATSp, ={ATS L)/ 160
(Lu+Ld+(mefp|)+ (2L, +fp,' arsh)

Percent free flow speed including passing lane, PFFSP, = (ATSP,I FF8) 83.6
Percent Time-Spent-Following

Length of the downslream highway segment within the effective length of

passing lane for percent lime-spent-following, L, (Exhibit 15-23) o4
Length of two-fane highway downsfream of effective length of the passing
|tane for percent-time-following, 04

Ld =Li'(Lu+ Lpl+ Lde)

Adj. factor for the effect of passing lane on percent time-spent-following,
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Directional Passing Lane
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foy, prsp(EXhibit 16-26) 0.62
Percent time-spent-following including passing lane®, PTSFPI(%) 515
PTSFpI= PTSF Lu+Ld+!p,l PTSFLM*(“ +fp,' ety

Leve! of Service and Other Performance Measures?

Level of service including passing lang LOSp] (Exhibit 15-3) B
JPeak 15-min total travel time, TT, g(veh-h} TT,5= VMT, 5IATSPE 3.5
Bicycle Level of Service

Directional demand flow rate n oulside lang, vy (Eq. 15-24) vehi 850.5
Effective width, W, {Eq. 15-29) ft 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 594
Bicycle levet of service (Exhibit 15-4) F
Notes

1. fLOS4=F, passing lane analysis cannol be performed.

2. IfL; <0, use alternative Equation 15-18,

3. IfL4=0, use alternative Equalion 15-16.

4. vie, VMT, 5 and VMT, are calculated on Directional Two-Lane Highway Segment Worksheet,
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DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

Ly =Lybyt Lpl+ Lys)

WORKSHEET

General Information Site Information

Analyst David Stoner Highway of Travel usz
Agency or Company DOWL HKM From{To Columbia F to Hungry H W8
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor Pla 4

Input Data

I Classthighway I classiihighway T Class il highway
-— Opposing direction -—
—*  Amlysis direction g
Lll E-pl I-du t-d
L Staer leeth Ariow

Shoulder width (ft) 1.0
Lane Width (ft) 12.0
Segntent Length (mi) 1.8
Total lIength of analysis segnient, L, 1.8
Length of two-lang highway upstream of the passing iane, L, 0.0
Length of passing lane including tapers , Lpl 11
Average travel speed, ATS 4 (from Disectional Two-Lane Highway Segment 419
Worksheet)}

Percent time-spent-following, PTSF,; {from Directional Two-Lane Highway 0.5
Segment Worksheet)} -
Level of service!, LOS 4 (from Directional Twe-Lane Highway Segment )
Worksheet)

Average Travel Speed
[Length of the downsiream highway segment within the effective lenglh of

passing fane for average travel speed, L ;, (Exhibit 15-23) 179
Length of two-lane highway downstream of effective length of the passing

lane for avg travel speed, Ly Ly=L (L, +L+ L) 100
Adj. factor for the effect of passing lane on average speed, fpl (Exhibit 15- i1l
28)

Average fravel speed including passing lane?, ATSp, ={ATS, L}/ 61
(Lu+Ld+(Lplffpl)+ (2Lde!(1+fp,‘ arel)

Percent free flow speed including passing lane, PFFSpj = (ATSPII FFS) 83.8
Percent Time-Spent-Following

Length of the downstream highway segment within the effective length of

passing lane for percent lime-spent-foltowing, L 4o (Exhibit 15-23) 6.63
Length of two-fane highway downstream of effective length of the passing

lane for percent-time-following, .5.93

Adj. factor for the effect of passing lane on percent time-spent-following,
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fpl, pres{Exhibit 15-26) 0.61
Percent time-spent-following including passing lane®, PTSFpl(%)
3.6
PTSF = PTSF Lu+Ld+fp,'PTSFLpf+((1 +pr prsr2)L gL,

Level of Service and Other Performance Measures?

Level of service including passing lane LOS!JI {Exhibit 15-3) B
Peak 15-min total travel ime, TT, (veh-h) TT, = VMT, SIATSP, 5.5
Bicycle Level of Service

Directional demand fiow rate in outslde fane, v, (Eq. 15-24) veh/h 359.8
lEffeclive width, W, (Eq. 15-29) ft 13.00
IEﬁective speed factor, S; (Eq.15-30) 4.79
fBlcycle fevel of service score, BLOS {Eq. 15-31) 573
Bicycle level of service (Exhibil 15-4) F
Notes

1. IfLOS =F, passing lane analysis cannot be performed.

2. 1f L4 <0, use allernative Equalion 15-18.

3. IfL4<0, use allemnative Equation 15-16.

4. vic, VMT, 5 and VMT, are calcutated on Directional Two-Lane Highway Segment Workshaet.
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Directional Passing Lane Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel usz
Agency or Company DOWL HKM FromfTo Columbia F to Hungry H £8
Date Performed 11/152011 Jurisdiction Flathead County
Analysis Time Period Median Off-Poak Analysis Year 2035
Project Descriplion: (S 2 Badrock Canyon Corridor Pla:i
Input Data

I™ classthighway I Crass inighway [ Class it nighway

-— Opposing direction -
—*  Analysis direction —
L!i Lpl Lde I-d
L Shaw Hath Araws

Shoulder width {ft) Lo
Lane Width (f1) 120
Segment Length {mi} 1.2
Total length of analysis segment, L, L2
Length of two-lans highway upstream of the passing lane, L, 0.0
Length of passing lane including tapers , Lpl 0.6
Average {ravel speed, ATS ; (from Directional Two-Lane Highway Segment £2.7
Worksheet)

Percent time-spent-following, PTSF 4 {from Directional Two-Lane Highway 816
Segment Worksheet) )
Level of service!, LOS 4 (from Directional Two-Lane Highway Segment D
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the effective length of

passing [ane for average travel speed, L, {Exhibit 15-23) 170
| de

!Lenglh of two-lane highway downstream of effective length of the passing

lane for avg travel speed, Ly Ly=Ly-(L,*Ly* Lyg) 110
Ad]. factor for the effect of passing lane on average speed, fpI {Exhibit 15- 1T
28)

Average travel speed including passing lane?, ATSpI = (ATS4 L)/ 270
(gt o) L1075 )
|Percent free flow speed including passing tane, PFFS, = (ATSP,! FFS) 83.8
Percent Time-Spent-Following

Length of the downstream highway segment within the efiective length of

passing lane for percent ime-spent-following, L4 {(Exhibit 15-23) 518
Length of two-fane highway downstream of effective length of the passing

lane for percent-fime-following, -4.58

Ly=leyt Lpl+ Laa)

Ad]. factor for the effect of passing lane on percent time-spent-following,
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fp,' prseExhibit 15-26) 0.62
Percent time-spent-following including passing lane?, PTSFpl(%)
515
PTSF = PTSEYI Lt Lt prsplo (14, prspf @M g L
Level of Service and Other Performance Measures?
1Leve| of service including passing lane LOSP, {Exhibit 15-3) B
Peak 15-min total travel fime, TT, 5{veh-b) T, 5= VMT, 5IATSp| 4.9
Bicycle Leve! of Service
Directional demand flow rale in outside lane, v, (Eq. 15-24) vehih 773.6
Effective width, W, (Eq. 15-20) ft 13.00
Effeclive speed factor, S, (Eq. 15-30) 4.79
Bicycle Jevel of service score, BLOS {Eq. 15-31) 3.89
Bicycle level of service (Exhibit 15-4) F
Notes
1. FLOS=F, passing lane analysis cannot be performed.
2. IfL <0, use alternative Equation 15-18.
3. If L 4=0, use alternative Equation 15-16.
4. vlc, VMT, . and VMT,, are calculated on Directional Two-Lane Highway Segment Worksheet,
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Directional Passing Lane

Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

Ld =L (L, * Lpl+ Lyo)

WORKSHEET

General Information Site Information

Analyst David Stoner Highway of Travel usze
Agency or Company DOWL HKM FromiTa Columbia F to Hungry H WB

Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period Median Off-Peak Analysis Year 2035
Project Description: 1S 2 Badrock Canyon Corridor Plag$

Input Data

I Classthighway I Classtinighway T Class il highway
-~ Opposing direction -
N R
Lu Ly

! Show Heeth Briow

Shoulder width (f1) Lo
Lang Width (ft) i12.0
segment Length (mi) 1.8
Total leagth of analysis segment, L, 1.8
Length of two-lane highway upstream of the passing lane, L, 0.0
Length of passing lane including tapers , Lp[ 11
Average travel speed, ATS (from Directional Two-Lane Highway Segiment 429
Worksheet)

Percent time-spent-following, PTSF, {from Directional Two-Lane Highway 76.6
Segment Worksheet) .
Level of service!, LOS 4 {from Directional Two-Lane Highway Segment b
Worksheet)

Average Travel Speed

Length of the downstream highway segment within the effective length of
Ipasslng lane for average fravel speed, L, (Exhibit 16-23) 178
fLength of two-lane highway downstream of effective lenglh of the passing

lane for avg travel speed, L E_d=Li-(Lu+Lp|+ Lo -1-60
Adj. factor for the effect of passing lane on average speed, fpl (Exhibit 15- IxT;
28)

Average travel speed including passing lane?, ATSpl = (ATS L)/ 13
(Lu+Ld+(Lp‘I[p1)+ (2L /(1 +pr arsh)
{Percent free flow speed including passing fane, PFFSp, = (ATSp]I FFS} 84.3
Percent Time-Spent-Following

Length of the downstream highway segment within the effective length of

passing fane for percent time-spent-following, L4 {Exhibit 15-23} 589
Length of two-fane highway downstream of effective length of the passing
|lane for percent-time-following, _5.19

Adj. factor for the effect of passing lane on percent time-spent-following,
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fp,. prsAExhibit 15-26) 0.6}
Percent time-spent-following including passing tane3, PTSFp,(%)
474
PTSFp|= PTSF E.U+Ld+fp,'PTSFLp!+((1 +fp,,‘ prsef2iqaiily
Level of Service and Other Performance Measures?

[Level of service including passing lane LOSp] {Exhibit 15-3) B
Peak 15-min tolal travel ime, TT, (veh-h} TT = VMT, 5!ATSPI 6.3
Bicycle Level of Service
Directional demand flow rate in ouiside lane, VoL (Eq. 15-24) vehih 662.2
Effective widih, W, (Eq. 15-29) ft 13.00
Effective speed factor, $; {Eq. 15-30) 479
Bicycle level of service score, BLOS (Eq. 15-31) 3.81
Bicycle leve! of service (Exhibit 15-4) F
Notles
1. IFLOS,=F, passing lane analysis cannof be performed.

2. If Ly <0, use alternalive Equation 15-18.
3. If L 4<0, use alternative Equation 15-16.
4. vic, VMT - and VMT,, are calcutated on Directional Two-Lane Highway Segment Worksheet,
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Directional Passing Lane Page 1 of 2
2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel us2
Agency or Company DOWL HKM From/To Columbia F to Hungry H EB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period PM Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor PlaZj
Input Data
I~ Class | highway v Class 1l highway I Class il highway
-— Opposing direction -—
——*  Analysis direction —
Lu I-pl de Ld
L L Shaw Heth Areow
Shoulder width (ft) 1.0
Lane Width {f1) 2.0
Segment Length {mi)} 1.2
Total length of analysis segmieat, L, 1.2
Length of two-lang highway upstream of the passing lane, L, 0.0
Length of passing tane including tapers | L ol 0.6
Average travel speed, ATS 4 {from Divectional Two-Lane Highway Segment 21
Waorksheet)
Percent time-spent-following, PTSF, (from Directional Two-Lane Highway 754
Segment Worksheet) ‘
Level of service!, LOS 4 (from Directionat Two-Lane Highway Segment D
Worksheet)
Average Travel Speed
Length of the downstream highway segment wilhin the effective length of
passing lane for average {ravel speed, L (Exhibit 15-23) £.70
l de
1Length of two-lane highway downstream of effeclive length of the passing
tane for avg travel speed, L Ld=L[-(Lu+Lp|+ Lge) -1.10
Ad. factor for the effect of passing lane on average speed, fp] {Exhibit 15- L1l
28)
Average travel speed Including passing lane?, ATSp, ={ATS L)/ 63
(Lu+Ld+(Lpllfpl)+ (2L, (1 +pr,ATS)) }
Percent free flow speed including passing lane, PFFSpl = (ATSpll FFS) 8L
Percent Time-Spent-Following
Length of the downstream highway segment within the effective length of
passing lane for percent time-spent-following, L 4o (Exhibit 16-23) 592
Length of two-lane highway downslream of effective length of the passing
lane for percent-time-following, -5.32
Ld ELI'(LU"' Lpl+ Lde)
Ad]. factor for the effect of passing lane on percent time-spent-following,
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fp,,PTSF(Exhibit 15-28) 0.6l
|Percent time-spent-following inciuding passing lane?, PTSFPI(%)

46.7

PTSF = PTSFA Lt Lyt prspba t U1+, proplfly L

Level of Service and Other Performance Measures?
Level of service including passing lane LOSp, (Exhibit 15-3} B
Peak 15-min total travel time, TT,5(veh-h) TT g= VMT15IATSp| 4.3
Bicycle Level of Service
Directional demand flow rate in outside lane, v (Eq. 15-24) veh/h 658.4
Effective width, W, (Eq. 15-20) R 13.00
Effeclive spaed factor, ; (Eq. 156-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5.81
Bicycle level of service (Exhibit 15-4) F

Notes

1. If LOS=F, passing lane analysis cannot be performed.
2. If L; <0, use alternative Equation 15-18.

3. If14<0, use altemative Equation 15-18.

4. vlc, VMT, ¢ and VMT,,, are calculated on Directional Two-Lane Highway Segment Worksheet.
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DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel usz
Agency or Company DOWL HKM From/To Columbia F fo Hungry H WB
Date Performed 117152011 Jurisdiction lathead Counly
Analysis Time Pericd PM Peak Analysis Year 2035
fF’roject Description: US 2 Badrock Canyon Corridor Pla¥78
Input Data

I Classinighway ¥ Classiinighway T Class il highway

-— Gpposing direciion -
—*  Analysis direction —
Lu i—pt Lde I-d

] L Shoe Yeeth Proow
Skoulder width {ft) 1.0
Lang Width (fl) i12.8
Segment Length {mi) 1.8
Total length of analysis segment, L, 1.8
Length of two-lane highway upstream of the passing lane, L, 0.0
Length ef passing fane including fapers Lp] 1.1
Average travel speed, ATS, (from Directional Two-Lane Highway Segment 397
Worksheet)
Percent time-spent-following, PTSF 4 {from Directional Two-Lane Highway 85.9
Segment Worksheet) .
Level of service!, LOS 4 (from Directional Twe-Lane Highway Segment E
Worksheet)
Average Travel Speed
Langth of the downstream highway segment within the effective length of
passing lane for average fravel speed, Lde (Exhibit 15-23) 179
Length of two-lane highway downstream of effective tenglh of the passing
lane for avg travel speed, L Lyl gLt Lag) -1.69
Adj. factor for the effect of passing lane on average speed, fpl {Exhibit 15- il
28)
Average travel speed including passing lane?, ATSp] = {ATS " L)/

3.7
(Lu+Ld+(Lpllfpl)+ (2L 4 /(1 +pr arsh)
Percent free flow speed including passing lane, F‘FFSpl = (ATSP,I FFS) 79.4
Percent Time-Spent-Following
Length of the downsiream highway segment within the effective lenglh of

3.60

passing lane for percent time-spent-following, £, (Exhibit 15-23)

Length of two-fane highway downstream of effective length of the passing
lane for percent-time-following, _2.90
Ly =L llyt Lot L)

Adj. factor for the effect of passing lane on percent time-spent-following,
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f,proe(Exhibit 15-26) 0.62
Percent time-spent-following including passing lane®, PTSFpl(%) oy
PTSF, = PTSF{ Lythgt oy prsel ({1 o prsel2)lgell
Level of Service and Other Performance Measures?
Level of service including passing lane LOSpl (Exhibit 15-3) ¢
Peak 15-min total fravel time, TT,5{veh-h) TT,z= VMT15IATSP| 10.8
Bicycle Level of Service
tDirectional demand flow rate in outside {ane, VoL {Eg. 15-24) veh/h 1646.2
Effeclive width, W, {Eq. 15-29) ft 13.00
Effective speed factor, $; (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 6.04
Bicycle level of service (Exhibit 15-4) F
Notes
1. IfLOS4=F, passing lane analysis cannot be performed.
2.1fL; <0, use alternative Equation 15-18.
3. ITL. <0, use alternative Equalion 15-16,
4. vic, VMT, ¢ and VMT, are calculated on Directional Two-Lane Highway Segment Worksheet.
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Improvement Options Report

Appendix 4

Operational
Analysis Worksheets

2035 4-3-4 Adjusted Annual Average
Four-Lane RP 140.0 - RP 140.6
Three-Lane RP 140.6 - RP 141.2
Four-Lane RP 141.2-142.4

Direction 1 = Eastbound
Direction 2 = Westbound




MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 4/30/2012 Jurisdiction Flathead County
Analysis Time Perfod AM Peak Analysis Year 2035
|Pr0ject Description  US 2 Badrock Canyon Corridor Planning Study
™ Oper.(LOS) ™ Des. (N) I Plan. {vp)
Flow Inputs
Volume, V (veh/h) 398 Peak-Hour Factor, PHF 0.93
AADT{vehfh) %Trucks and Buses, P, B
Peak-Hour Prop of AADT (veh/d) %RVs, Py 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHV (vehih) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
f, 1.00 Eq 2.0
E; 25 v 0.885
Speed Inputs Calc Speed Adj and FFS
Lane W[dih, LW (ft) 12.0 fLw (m“th)
Total Laleral Clearance, LC (it} 12.0 .o (mifh)
Access Points, A (A/mi) 0 .
. f, (mif)
Median Type, M —
FES (measured) §0.0 b ()
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design
Design (N)

Operaticnal (LOS)

Flow Rate, A {pchfln) 2%1

Speed, S {mifh) 60.0
D (pcimifin) 4.0

L.OS A

Required Number of Lanes, N
Flow Rate, A {pchn)

Max Service Flow Rate (pe/fhin)
Design LOS

Bicycle Level of Service
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Birectional demand flow rate in oulside lane, v, (Eq. 15-24) vehih

Effective width, W, (Eq. 15-29) ft 24.00
Effective speed factor, §; {Eq. 15-30) 4.79
Bicycle fevel of service score, BLOS (Eq. 15-31} 3.21
Bicycle lave! of service (Exhibit 15-4) C
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US?2
Agency or Company DOWL HKiM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdiction Flathead County
Analysis Time Period AM Peak Analysis Year 2035
[Projecl Description  US 2 Badrock Canyon Corridor Planning Study
[ Oper.(LOS) I Des. (N} [™ Plan. {(vp)
Flow Inputs
Volume, V {vehih) 250 Peak-Hour Factor, PHF 0.87
AADT(vehih) %Trucks and Buses, Py 6
Peak-Hour Prop of AADT (veh/d) %RVs, Py 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DOHV {veh/h) Grade Length (i) 0.00
Driver Type Adjustment 1.00 UpfDown % 0.00
Number of Lanes 2
Calculate Flow Adjustments
f 1.60 Eq 20
E; 25 fow 0.885

Speed Inputs

Calc Speed Adj and FFS

Lane Width, LW {ft) 12.0 f ., (mifh)
LW
Tolal Lateral Clearance, LC {ff) 12.0 f . (mi)
Access Points, A (A/mi) 0 K -
Med fy (mifh}
edian Type, M -
FFS (measured) 60.0 w (mifh)
Base Free-Flow Speed, BFFS FFS (mih) 60.0
Operations Design
Operational {LOS Design (M)
Operational (LOS) :
Flow Rate, v (ocihiin) 162 Required Number of Lanes, N
Soesd S (rilh 500 Flow Rate, A (pefh)
Dpee ll " (i) ) 7 Max Service Flow Rate (pc/hiin)
(pefmifi) ' Design LOS
LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2) Page 2 of 2

Directional demand flow rale in outside lane, vy, (Eq. 15-24) veh/h 1437
Effective width, W, (Eq. 15-29) ft 24.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 3.00
{[Bicycte level of service (Exhibit 15-4) c
Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3 Generated: 6/27/2012 4:42 PM
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page | of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information

Site Information

Analyst David Stoner HighwayiDirection to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 4/30/2012 Jurisdiction Flathead County
Analysis Time Period Median Off-Peak Analysis Year 2035
|Project Description  US 2 Badrock Canyon Corridor Planning Study
I~ Oper {LOS) I Des. (N) I Plan. {vp)
Flow inputs
Volume, V (vehh) 351 Peak-Hour Factor, PHF 0.91
AADT(veh/h) %Trucks and Buses, P; 8
Peak-Hour Prop of AADT (veh/d) %RVs, P 4
Peak-Hour Direction Prop, D General Terrain; Rolling
DDHV {veh/h) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2

Calculate Flow Adjustments
fp 1.00 Eq 20
E; 25 fy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft) 12.0 £ (mifh)
Total Laleral Clearance, LC (ft) 12.0 i, (i)
Access Points, A (A/ml) 0 ,

. s, (mifh)
Median Type, M ¢ it
FFS (measured) 61.0 v (i)
Base Free-Flow Speed, BFFS FFS (mifh) 61.0
Operations Design

Design (N)

Operational (LOS)

Flow Rate, A {(pcfhiin) 247
Speed, S (mifh) 80.0
D {peimifln) 3.6
LOS A

Flow Rate, A {pcih)

Design LOS

Required Number of Lanes, N

Max Service Flow Rate (pc/hfin)

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 2 of 2

Directional demand flow rale In outside lane, vq, (Eq. 15-24) veh/h 1929
Effeclive width, W,, (Eq. 15-29) ft 24.00
Effective speed factor, 5, (Eqg. 15-30) 4.79
Bicycle level of service score, BLOS {Eq. 15-31) 3.15
Bicycle level of service {Exhibit 156-4} C
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 2)

[General Information Site Information
Analyst David Soner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falis fo Hungry Horse
Date Performed 4/30/2012 Jurisdiglion Flathead County
Analysis Time Period Median Off-Peak Analysis Year 2035
lProject Description  US 2 Badrock Canyon Corridor Planning Study
I Oper.(LOS) I Des. (N} I Plan. (vp)
Flow Inputs
Volume, ¥ (vehih) 306 Peak-Hour Factor, PHF 0.89
AADT(veh/h) %Trucks and Buses, P 6
Peak-Hour Prop of AADT {veh/d) %RVs, Py 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHY {vehth) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
fy 1.00 Eq 2.0
E. 2.5 fay 0.885
Speed Inputs Calc Speed Adj and FFS
Lans Width, LW (ft) 12.0 £, (milh)
Totaf Lateral Clearance, LC (fy 12.0 fLc (i)
Access Points, A (A/mi) 0 .
] f, (mifh}
Median Type, M i
FFS {measured) 61.0 v (i)
Base Free-Flow Speed, BFFS FFS (mifh) 61.0
Operations Design
Design (N
IOperational {LOS) Res; -n (:\JN berof L N
Flow Rate, v_(pc/h/in) 194 equired umber of Lanes,
Sosed. S ;h 500 Flow Rale, v, {peih)
peed, , (i) ' Max Service Flow Rate {pc/hiin)
D {pc/mifin} 3.2 )
Design LOS
LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

||Direclional demand flow rate in outside lane, v, (Eq. 15-24) veh/h 1719

HEﬁecEive width, W, (Eq. 15-28) ft 24.00 .

ﬂEﬁec!ive speed faclor, 8; (Eq. 15-30} 4.79

"Bicycle feve! of service score, BLOS (Eq. 15-31) 3.69

1Blcycle leve! of service (Exhibit 15-4) C
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page | of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

Operational (LOS

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US?2
Agency or Gompany DOWL HKM From/To Columbia Falls to Hungry Horse
Dale Performed 413012012 Jurisdiglion Flathead County
Analysis Time Period PM Peak Analysis Year 2035
|Projecl Description  US 2 Badrock Canyon Corridor Planning Study
I Oper.{LOS) I Des. {N) I™" Plan. {vp)

Flow Inputs
Volume, V (veh/h) 296 Peak-Hour Faclor, PHF 0.89
AADT{veh/h) %Trucks and Buses, P, 6
Peak-Hour Prop of AADT (veh/d) %RVs, P 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHV (vehih) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
fp 1.00 Eq 20
E, 2.5 fy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Wldlh, Lw (ﬁ} 12.0 [LW (mn‘h)
Total Lateral Clearance, LC (ft}  12.0 f_o (mifh)
Access Paints, A {Afmi) 0 ,

. fy {mifh)

Median Type, M . tmih
FFS (measured) 62.0 u (mih)
Base Free-Flow Speed, BFFS FFS (mif) 620
Operations Design

Design (N}

Required Number of Langs, N

Flow Rate, v_ {pc/hfin
Soeed. S pn(]p ) :327;) Flow Rafe, v, {pcih)
pesc. _ (k) ‘ Max Service Flow Rate (pcfhiin)
D (pcimifln} 3.1 .
Besign LOS
LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 2 of 2

|Directionat demand flow rate in outside lane, vy, (Eq. 16-24) veh/h 166.2
||Effective width, W, (Eq. 15-29) ft 24.00
||Effeclive speed faclor, S, (Eq. 15-30) 4.79
||Blcycle level of service score, BLOS (Eq. 15-31) 3.08
C

IBicycle leve! of service (Exhibit 15-4)
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page | of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US2
Agency or Company DOWL HKkM From/To Columbia Falis to Hungry Horse
Date Performed 4/30/2012 Jurisdiction Flathead County
Analysis Time Period PM Peak Analysis Yoar 2035
|Projeci Description  US 2 Badrock Canyon Corridor Planning Study
[ Oper.{LOS) [ Des. (N} [ Plan, (vp)

Flow Inputs
Volume, V (veh/h) 491 Peak-Hour Factor, PHF 0.91
AADT{vehfn) %Trucks and Buses, P; 6
Peak-Hour Prop of AADT (vehid) %RVs, Pp 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DOHV (veh/h) Grade  Length {mi) 0.00
Driver Type Adjusiment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
A 1.00 Eq 20
E; 2.5 b 0.885
Speed Inputs Calc Speed Adj and FFS
Lane W[dlh, Lw (ﬂ) 12.0 fL‘,',' (mh’h)
Tolal Lateral Clearance, LC {ff) 12.0 i, (mifh)
Access Paints, A (Afmi) 0 .

fy (mith)

Median Type, M .
FFS (measured) 60.0 v (i)
Base Free-Flow Speed, BFFS FFS {mifh) 60.0
Operations Design

Design {N)
Operational (LOS) ReSI .n 4 Number of L N
Flow Rate, v_ (poihii) 204 equired Number of Lanes,
Suced. S f}h 600 Flow Rate, v, (pcih)
Dpeef, 1 (mif) 5 1' Max Service Flow Rate {pc/hiin)

(pemin) ' Design LOS

LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

|Direciional demand flow rate in outside lane, v,,; {Eq. 15-24) veh/h 269.8

"Efreclive wildth, W, (Eq. 15-20) ft 24,00

Effective speed factor, S, (Eq. 15-30) 4.79

Bicycle level of service score, BLOS (Eqg. 15-31) 332

Bicycle level of service (Exhibit 15-4) cC
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Directional Passing Lane

Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

Lg=telby® Lot Lyo)

WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Travel us2
Agency or Company DOWL HKM From/To Columbia F to Hungry H E8
1Dale Performed 11/15/2011 Jurisdiction Flathead Counly
Analysis Time Period AM Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor Plad®™mB
input Data
I Class Inighway [ Class lihighway | Glass Ill highway
-— Opposing direction -~
—> Analysis direction —
L|| i-pl Ldo |-d
: j-} Shaw Hoalh feron
Shoulder width {ft) 1.0
Lane Widih (ft) 12,0
Segment Length (mi} 1.2
TFotal length of analysis segment, L, 12
Length of two-lane highway upstream of the passing fane, L, " 0.0
Length of passing [ane including tapers, Lpl 0.6
Average travel speed, ATS,; (from Directional Two-Lane Highway Segment 45.3
Worksheet) '
Percent time-spent-foltowing, PTSF 4 (from Directional Two-Lane Highway 70.4
Sepment Worksheet) l
Level of service!, 1.OS 4 (from Directional Two-Lane Highway Segment D
Worksheet}
Averagoe Travel Speed
Lenglh of the downstream highway segment within the effective length of
passing lane for average trave! speed, L4 (Exhibil 15-23) .70
Length of two-lane highway downstream of effective length of the passing
tane for avg travel speed, L, Lymlplly gt Lyg) -1.16
Ad). faclor for the effect of passing lane on average speed, fps {Exhibit 15- Lio
28)
Average travel speed including passing lane?, ATS = (ATS *L )/
ot 4 49.5
(Lu+E_d+(LplifP,)+ (2Ldei(1+fp,‘ ATl }
Percent free flow speed including passing lane, PFFSp, = (ATSpli FF8) §9.9
Percent Time-Speni-Following
[t-ength of the downstream highway segment within the effective tength of
passing tane for percent time-spent-following, L, (Exhibil 15-23) 749
Lenglh of two-lane highway downstream of effective length of the passing
lane for percent-time-following, 6,89

Adj. factor for the effect of passing lane on percent time-spent-following,
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Directional Passing Lane

Page 2 of 2

pr prop(Exhibit 15-26} 061
Percent time-spent-following including passing tane®, PTSFP|(%) s
PTSF = PTSF Lu+Ld+fp,' ersebort {1+ prae@)Lg Iy

Level of Service and Other Performance Measures?

|1_evel of service including passing lane LOSp] {Exhibit 15-3) B
IPeak 16-min totat frave! time, TT,g(veh-h}  TT,5= VMT, 5IATSDI 2.6
Bicycle Level of Service
jDirectional demand flow rate in oulside fane, v, {Eq. 15-24) vehth 428.0
Effective width, W, {Eq. 15-29) ft i3.00
Effective speed factor, S, {Eq. 15-30) 4,79
Bicycle level of service score, BLOS (Eq. 15-31) 559
Bicycle level of service (Exhibit 15-4) F
Notes

1. LGS, =F, passing lane analysis cannot be performed.

2,1f Ly <0, use alternalive Equalion 15-18.

3. ifLy=0, use alternative Equalion 15-16.

4. vic, VMT, o and VMTy, are calculated on Directional Two-Lane Highway Segment Worksheet.

Copyiight © 2012 Universily of Florida, All Rights Reserved

HCS 2010™ Version 6.3

tile:///C:/Users/dstoner/AppData/Local/Temp/s2kDE02.tmp

Generated: 5/21/2012 1:06 PM

5/21/2012



Directional Passing Lane

Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Trave! Usz
Agency or Company DOWL HKM From/To Columbia F to Hungry H WB
Date Performed 11/15/2011 Jurisdiction Flathead Counly
Analysls Time Period AM Peak Analysis Year 2035
Project Description: US 2 Badrock Canyon Corridor Pla?3B
Input Data
I~ Class | highway v Class Il highway ™ Class Il highway
— Opposing direction -~
—*  Analysis direction —
Ly I-pl Lag Lg
: Ly Shaw Heeth Prsow
Shoulder width (ft) 1.0
Lane Width (it) 2.0
Segment Length {mi) 1.8
Total length of aralysis segment, L, 18
Length of two-lane highway upstream of the passing lane, L, 0.9
Length of passing lane including tapers , Lpl 1.1
Average travel speed, ATS ; (from Directional Two-Lane Highway Segment 45.0
Worksheet)
Percent time-spent-following, PTSF 4 {from Directional Two-Lane Highway 6.6
Segment Worksheet) .
Level of service!, LOS 4 (from Directional Tyweo-Lane Highway Segment c
Worksheet)
Average Travel Speed
Length of the downstream highway segment within the effective length of
passing iane for average Iravel speed, L, (Exhibit 15-23) 170
Length of two-lane highway downstream of effective length of the passing
[1ane for avg ravel speed, Ly L=l (L,#L ¢ L) 160
Ad]. factor for the effect of passing lane on average speed, fpl {Exhibif 15- 110
28)
Average fravel speed Including passing lane?, ATSpl ={ATSy L}/ 501
(Lu+Ld+(Lp|ffp1)+ (2L i1 +fp,’ arsh)
Percent free flow speed including passing lane, PFFSpl = (ATSp]f FFS) 91.0
Percent Time-Spent-Following
Lenglh of the downstream highway segment within the effective length of
passing fane for percent time-spent-following, Ly, (Exhibit 15-23) 9.9
[Length of two-lane highway downstream of effective length of the passing
lane for percent-time-following, -9.29
Ly le"(Lu* Lpl+ Lge)
Ad. factor for the effect of passing lane on percent time-spent-following,
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Directional Passing Lane

Page 2 of 2

pr proplEXNibit 15-26) 0.60
Percent time-spent-following including passing fane®, FTSFpl(%) 343
PTSF = PTSF Lu+Ld+pr prsebort (141 prsel )L g ULy

Level of Service and Other Performance Measures?

Lavel of service including passing fane LOSpl (Exhibit 16-3) A
Peak 15-min tolal travel time, TT,(veh-h) TT,= VMT, /ATS,; 2.5
Bleycle Level of Service
Directional demand flow rate in outside lane, VoL (Eq. 15-24) veh/h 279.3
Effective width, W, (Eq. 15-20) it i3.00
Effective speed factor, S, (Eq. 15-30) 4.7%
Bicycle level of service scare, BLOS (Eq. 15-31) 5.37
Bicycle level of service (Exhibit 15-4) E
Notes

1. If LOS,=F, passing lane analysis cannot be performed.

2. 1fL <0, use alternative Equation 15-18,

3. IFL4<0, use allernative Equation 15-16.

4. vio, VMT o and VMT,, are calculated on Directional Two-Lane Highway Segment Workshea.
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Directional Passing Lane

Page 1 of 2

2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET

General Information |Site Informatian

Analyst David Stoner Highway of Travel us2
Agency or Company DOWL HKM From/To Columbia F te Hungry H EB
Date Performed 1171672011 Jurisdiction Flathead County
Analysis Time Period Madian Off-Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor PlaxA¥B

Input Data

I~ Class { highway g Class Il highway I~ Class il highway
-— Qpposing direction -
—> _Analysis direction —
|-u I-p! Lde ;-d
L Steow Hleelh farons

Shoulder width (ft) 10
Lane Width (ft) 12,0
Segment Length (mi) 1.2
Total length of analysis segment, L, 1.2
Length of two-lane highway upstream of the passing lane, L, 0.0
Length of passing lane incfuding tapers , Lpl 0.6
Average travel speed, ATS (from Directional Two-Lane Highway Segment 46.3
Worksheet)

Percent time-spent-following, PTSF 4 {from Directional Two-Lane Highway 69.5
Segment Worksheet) )
Level of service!, LOS 4 (from Directional Two-Lane Highway Segment c
Worksheet)

Average Travel Speed

Lenglh of the downstream highway segment within the effective length of

passing fane for average travel speed, L 4o (Exhibit 15-23) 170
Length of two-lane highway downstream of effective length of the passing

lane for avg travel speed, Ly Ly=Le(L, Lot Lo,) 110
Ad]. factor for the effect of passing lane on average speed, fp1 {Exhibit 15- IN?
28}

Average iravel speed including passing tane?, ATSp, ={ATS L}/ 50

.5

(Lu+Ld+(Lpgfp,)+ (2Ldel(1+fp,' arsh}

Percent free flow speed including passing lane, PFFSp1 = (ATSP,I FF3} 90.2
Percent Time-Spent-Following

Length of the downslream highway segment within the effective length of

passing lane for percent time-spent-following, Lo (Exhibit 15-23) 7.7
Length of two-lane highway downstream of effective length of the passing

lane for percent-time-following, 7

Ld =Ll'(Lu+ Lpl+ i‘de:)

Adj. factor for the effect of passing lane on percent time-spent-following,
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Directional Passing Lane

Page 2 of 2

fpl, prop{EXhibit 15-26) 0.61
Percent fime-spent-following including passing laned, PTSFP,(%) 120
PTSFp,= PTSF [ Lu+Ld+pr, prarpt (1 +fp,._ prspi?Ly L,

Level of Service and Other Performance Measures?

tevel of service including passing lane LOSpl {Exhibit 15-3) B
Peak 15-min total travel time, TT, g{veh-h) TT 4= Vn’vIT”.,MS«TS'JI 2.3
Bicycle Level of Service

Direclionat demand flow rate in outside lane, vy, (Eq. 16-24) vehh 385.7
Effective width, W, (Eq. 15-20} ft 13.00
Effective speed factor, S, (Eg. 15-30) 4.79
|Bicycls level of service score, BLOS (Eq. 15-31) 5.54
IBicycte teve! of service (Exhibit 15-4) F

Notes

1. 1fLOS ;=F, passing lane analysis cannot be performed.
2. If L4 <0, use allernative Equalion 15-18.

3. If L 4<0, use alternalive Equation 16-18.

4. vie, VMT 5 and VMT, are calculated on Directional Two-Lane Highway Segment Worksheet.
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Directional Passing Lane

Page 1 of 2

DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE

Lg=li(l,t Lpl+ Lde)

WORKSHEET
General Information Site Infoermation
Analyst David Stoner Highway of Travel usz2
Agency or Company DOWL HKM From/To Columbia F to Hungry H WB
Date Performed 1171572011 Jurisdiction Flathead County
Analysis Time Period Median Off-Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor Plagd¥s
Input Data
I” Classinighway I Classiinighway T Class IIt highway
-— Opposing direction -~
—= Analysis direclion —
Ly Lp Ldg Li
| Ly St lloeth Pasow
Shoulder width (ft) IR/
Lane Width {ft) 12.0
Segment Leagth (mi) 1.8
Tofal length of analysis segment, L, L8
Length of two-lane highway upstream of the passing lane, L, [1X}
Length of passing lane including tapers, Lpf L
Average travel speed, ATS ; (from Directional Two-Lane Highway Segment 165
Worksheet)
Percent time-spent-following, PTSF 4 (from Directional Two-Lane Highway 63.0
Segment Worksheet) )
Level of service!, L.OS 4 (from Directional Two-Lane Highway Segment c
Worksheet)
Average Travel Speed
Length of the downsiream highway segment within the effective length of
passing lane for average travel speed, L 4 (Exhibit 15-23) L70
Length of two-lane highway downstream of effective length of the passing
lane for avg iravel spead, L4 Ld=Lt-(Lu+Lp1+ Lgo) -L.o0
Ad]. factor for the effect of passing lane on average speed, fpl (Exhibit 15- 110
28)
Average fravel speed including passing lane?, ATSp, ={ATS L)/ 508
(Lu+Ld+(LplifP|)+ (2Ldel(1+pr At}
Percent free flow speed including passing tane, F’FFSpl = (ATSp,l FFS) 90.6
Percent Tine-Spent-Following
Length of the downstream highway segment within the effective lenglh of
passing lane for percent time-spent-following, L, (Exhibit 15-23) 8.20
Length of two-lane highway dewnsiream of effective length of the passing
fane for percent-fime-following, .7.51

Adj. faclor for the effect of passing lane on percent lime-spent-following,
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Directional Passing Lane

{1 prsr{Exhibit 15-26)

Page 2 of 2

0.60

Percent time-spent-following including passing lane?, PTSFP!(%)
PTSFpI= PTSF,[ Lu+Ld+lpL PTSFLp]+((1+fp,, prop)ilg L,

388

Level of Service and Other Performance Measures?

Level of service including passing lane LOSpl {Exhibit 15-3)

A

Peak 15-min fotal travel time, TT,s(veh-h) TT,5= VMT15:‘ATSp,

3.0

Bleycle Level of Service

Directional demand flow rate in outside lane, Vo (Eq. 15-24) veh/h

333.7

Effective width, W, (Eq. 15-29)

13.00

Effective speed factor, S, (Eq. 15-30)

4.79

Bleycle level of service score, BLOS (Eq. 15-31)

5.47

Bicycle level of service (Exhibit 15-4)

Noftes

1. TLOS¢=F, passing lane analysis cannol be performed.
2. Ly <0, use alternative Equation 15-18,

3. If L 4<0, use alternative Equalion 15-16.

4. vic, VMT, 5 and VMT, are calculated on Directional Two-Lane Highway Segment Worksheet,

Copyright © 2012 Universily of Florida, All Rigils Reserved
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Directional Passing Lane
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2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information Site Information
Analyst David Stoner Highway of Trave! usz2
Agency or Company DOWL HKM FromiTo Columbia F to Hungry H EB
Date Performed 117152011 Jurisdiction Flathead County
Analysis Time Pericd PM Peak Analysis Year 2035
Project Bescriplion: S 2 Badrock Canyon Corridor Pla
Input Data
I Class | highway [ Class i highway I~ Glass {ll highway
i Oppesing direction -
—*  Analysis direction —
I-u Lpl lde I-d
4 Showt leeths Breowr
Shoulder width (ft} 1.0
Lane Width (/) 12.0
Segment Length {mi} 1.2
Total length of analysis segment, L, 1.2
Length of two-lane highway upstream of the passing lane, L 0.0
Eength of passing lane including tapers , Lp[ 0.6
Average travel speed, ATS, (from Directional Two-Lane Highway Segment 47.2
Worksheet)
Percent time-spent-following, PTSF | (from Directional Two-Lane Highway 0.2
Sepment Worksheet) '
Level of service!, LOS 4 {from Directional Two-Lane Highway Segment c
Worksheet)
Average Travel Speed
Length of the downstream highway segment wilhin the effeclive length of
passing lane for average travel speed, L, (Exhibit 15-23) L76
Length of two-lane highway downstream of effective length of the passing
lane for avg travel speed, L Ld=1‘t'(l‘u+1‘pl+ Lge) -L.16
Adj. factor for the effect of passing fane on average speed, fp[ {Exhibit 15- 110
28)
Average trave! speed Including passing lane?, A'i'Spl ={ATS4 L}/ 18
(Lu+Ld+(Lp|!fpl)+ (2L, (1 +pr’ATS)) )
Percent free flow speed including passing lane, PFES, = (ATS,/ FFS) 90.3
Percent Time-Spent-Following
Lenglh of the downstream highway segment within the effective lengih of
|passing fans for percenl time-spent-following, L, (Exhibit 15-23) 8.24
Length of two-lane highway downsiream of effective fength of the passing
[ane for percent-time-following, _7.64
Ly=Lil,* Lyt L)
Adj. factor for the effect of passing lane on percent time-spent-following,
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Directional Passing Lane

Page 2 of 2

lp]’ praelExnibil 15-26) 0.60
Percent time-spent-following including passing lane?, PTSFpl(%)
36.6
PTSF = PTSF Lt Ly*) prspbat @ty preel2)L g Vi

Level of Service and Other Performtance Measures?

Level of senvice including passing lane LOSpI {Exhibit 15-3) A
Peak 15-min tolal fravel ime, TT ;(veh-h) TT .= VMT15IATSP, 19
Bieyele Level of Service

Directional demand flow rate in ouiside fane, v, (Eq. 15-24} vehvh 3326
Effective width, W, (Eq. 15-20) & 13.00
|Effecljve speed factor, S, (Eq. 15-30) 479
’Bicycle lavet of service score, BLOS (Eqg. 15-31) 3.46
{Bicycle leve! of service (Exhibit 15-4) E
Notes

1. IFLOS=F, passing lane analysis cannot be performed.

2, If Ly <0, use aiternative Equation 15-18.

3. IfL4<0, use alternalive Equation 15-18.

4. vic, VMT 5 and VMT,, are calculated on Direclional Two-Lane Highway Segment Worksheet.
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Directional Passing Lane
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2
DIRECTIONAL TWO-LANE HIGHWAY SEGMENT WORKSHEET WITH PASSING LANE
WORKSHEET
General Information |site information
Analyst David Stoner Highway of Travel us2
Agency or Company DOWL HKM From/Tfo Columbia F to Hungry H WB
Date Performed 11/15/2011 Jurisdiction Flathead County
Analysis Time Period PM Peak Analysis Year 2035
Project Description:  US 2 Badrock Canyon Corridor Play¢B
Input Data
[ Class1highway [¥' Class lihighway [ Class Il highway
-~ Opposing direction -
——* __Analysis direclion —
Lu Lp! '-de I-d
| L Stiowr Heeth rron
Shoulder width (1Y) 1.0
Lane Width (it} 12.0
Segment Length {mi) 1.8
Total length of analysis segment, L 1.8
k{_ength of two-lane highway upstream of the passing lane, L, 0.0
Length of passing lane including tapers , L!,| 11
Average travel speed, ATS, (from Directional Two-Lane Highway Segment 416
Worksheet) '
Percent time-spent-following, PTSF  {from Directional Two-Lane Highway 46
Segment Worksheet} .
Level of service!, LOS 4 (from Directional Two-Lane Highway Segiment p
Worksheet)
Average Travel Speed
Length of the downstream highway segment within 1he effeclive length of
passing lane for average travel speed, Lde (Exhibit 15-23} 170
Length of two-lane highway downstream of effective length of the passing
lane for avg travel speed, L Ld=Ll-(Lu+Lpl+ Lo -1.00
Adj. factor for the effect of passing lane on average speed, fp| {Exhibit 15- 110
28)
Average lravel speed including passing lane?, ATSpl ={ATS L)}/
48.7
{L u+Ld+(Lp]1'fp|)+ (ZLde’(“pr, aral)
fPercent free flow speed including passing lane, F’FFSpl = (ATSp]f FFS) 885
Percent Time-Spent—Followiﬂg
Length of the downstream highway segment within {he effective length of
passing lane for percent time-spent-following, L, (Exhlbit 15-23) 659
Length of two-lane highway downstream of effective fength of the passing
|!ane for percent-time-following, .6.19
Ly =Ll Loy® Lyo)
Adj. factor for the effect of passing lane on percent time-spent-following,
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Directional Passing Lane
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fpl, preAExXhibit 15-26) 0.61
[Percent time-spent-following Including passing lane®, PTSFPI(%) 6
PTSF = PTSF f Lytlgtty prseprt (11, prset2)lg Ly
Level of Service and Other Performance Measures?
Level of service including passing lane LOSPl {Exhibit 15-3) B
Peak 15-min total travel time, TT, g(veh-h)  TT, = VMT, 5IATSpI 4.8
Bicycle Level of Service
Directional demand flow rate in outside lane, Vg (Eq. 15-24) veh/ 3231
Effective width, W, (Eq. 15-29) ft 13.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 5.69
|Bicycle level of service (Exhibit 15-4) F
Notes
1. IFLOS,=F, passing lane analysis cannot be performed.
2. IFL <0, use alternative Equation 15-18.
3. IfL4<0, use alternalive Equation 15-16.
4. vlo, VMT, 5 and VMT, are calculated on Directional Two-Lane Highway Segment Workshest,
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Corridor Planning Stud

Improvement Options Report

Appendix 4

Operational
Analysis Worksheets

2035 Four-Lane Peak Season

Direction 1 = Eastbound
Direction 2 = Westbound




MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From(To Columbia Falls to Hungry Horse
Dale Performed 413012012 Jurisdigtion Flathead County
Analysis Time Period AM Peak Analysis Year 2035
]Project Description  US 2 Badrock Canyon Gorridor Planning Study
I Oper{LOS}) [ Des. (N) £ Plan. (vp)

Flow Inputs
Volume, V (veh/h) 791 Peak-Hour Factor, PHF 0.93
AADT(veh/h) %Trucks and Buses, Py ]
Peak-Hour Prop of AADT (veh/d) %RVs, Py 4
Peak-Hour Direction Prop, D General Terrain: Ralling
DDHY {veh/h) Grade Length {mi) 0.00
Driver Type Adjustment 1.00 UpfDown % 0.00

Number of Lanes 2
Calculate Flow Adjustments
f, 1.00 Er 2.0
E; 25 fy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft) 12.0 F (i)
Total Lateral Clearance, LC (ft} 12.0 f_c (mih)
Access Points, A (A/mi) 0 ,

. f, (mif)

Median Type, M .
FFS (measured) 60.0 w (1)
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design

Design {N)

Operational (LOS)

Required Number of Lanes, N

Flow Rate, v_{(pcihfin

Spped. S ;;;p ) Zg% Flow Rate, v, (pc/h)

Dpee /’ 0 (mil) g 0 Max Service Flow Rate (pc/hfin)
(pefmi) ' Design LOS

LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)
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|Direcliona1 demand flow rate in outside lane, v,; (Eq. 15-24) veh/h 4253

HEﬁecEive width, W, (Eq. 15-29) &t 24.00

[IEﬁective speed faclor, §; (Eq. 15-30) 4.79

"Bicycle fevel of service score, BLOS (Eq. 15-31) 3.55

||Bicycre fevel of service (Exhibil 15-4) D
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information

fnalyst David Stoner Highway/Direction fo Travel ~ US 2

Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse

Date Performed 4/30/2012 Jurisdi{;lion Flathead County

Analysis Time Period AM Peak Analysis Year 2035

[Project Description  US 2 Badrock Canyon Corridor Planning Study

I~ Oper{LOS) [~ Des. {N) [ Plan. (vp)

Flow Inputs

Volume, V (vehth) 502 Peak-Hour Factor, PHF 0.87

AADT{veh/h) %Trucks and Buses, P; 8

Peak-Hour Prop of AADT (veh/d) %RVs, Pr 4

Peak-Hour Direction Prop, D General Terrain: Rolling

BOHY {vehth) Grade  Length {mi) 0.00

Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2

Calculate Flow Adjustments

fo 1.00 Eq 2.0

E; 25 fy 0.885

Speed Inputs Calc Speed Adj and FFS

Lane Width, LW {ft) 12.0 £, (i)

Total Lateral Clearance, LC (ft} 12.0 o (mifh)

Access Points, A {&/mi) 0 .

. fy (mifh)

Median Type, M i

FFS (measured) 60.0 fy (mih)

Base Free-Flow Speed, BFFS FFS (mifh) 60.0

Operations Design

Operalional (LOS) _q_(_)gem . ;N orof Lanes

Flow Rale, v_(pc/hin) 206 equired Number of Lanes,

P Fiow Rate, v_(pc/h)
Speed, S (mifh) 60.0 o F
D (pcfmif) 54 Max Service Flow Rate {pc/hiln)
P ' Design LOS
LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

|Direclionai demand flow rate in oulside lane, v, {Eq. 15-24) veh/h 288.5

||Eﬂec!ive vidth, W, {Eq. 15-28) ft 24.00

.lEﬁecEive speed factor, S, (Eq. 15-30) 4.79

Bicycle level of service score, BLOS (Eq. 15-31) 336

Bicycle level of service (Exhibit 15-4) C
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information

Site Information

Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM FromiTo Columbia Falls to Hungry Horse
Date Performed 4130/2012 Jurisdigiion Flathead County
Analysis Time Period Median Off Peak Peak Analysis Year 2035
|Pfojeci Description  US 2 Badrock Canyon Corridor Planning Study
I” Oper.{LOS) I Des. (N) I Plan. (vp)
Flow Inputs
Volume, V (veh/h) 704 Peak-Hour Faclor, PHF 0.91
AADT(veh/h) %Trucks and Buses, Py 6
Peak-Hour Prop of AADT (vehid) %RVs, Pr 4
Peak-Hour Direclion Prop, D General Terrain: Rolling
DDHV (veh/h) Grade  Length (mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
f, 1.00 Eq 20
E; 25 fay 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW {ft) 12.0 £, (mifh)
Tolal Laleral Clearance, LG (ft) 120 [, (mith)
Access Points, A (Almi) 0 .
. £, (mifh)
Median Type, M —
FFS (measured) 61.0 w (i)
Base Free-Flow Speed, BFFS FFS {mifh) 61.0
Operations Design
Design (N)

Operationat {LOS)

Required Number of Lanes, N

Flow Rate, v_{pcf/in
p (Pe/in) 437 Flow Rate, v_{pcfh)
Speed, S (mifh) 60.0 P
) Max Service Flow Rate {pc/h/in)
O (pcimifin) 7.3 .
Design LOS
LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 2 of 2

|D_ireclional demand flow rate in outside lane, vy, (Eq. 15-24) velvh 386.8

||Effeclive width, W, (Eq. 15-29) f 24.00

"Ef{ec!ive speed factor, 8, (Eq. 15-30) 4.79

liBicycle level of service score, BLOS (Eq. 15-31) 351

||Bicycle tevel of service (Exhibif 15-4) D
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information

Analyst David Stoner Highway/Direction to Travel ~ US 2

Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 4/30/2012 Jurisdigtion Flathead County
Analysis Time Period Median Off Peak Peak Analysis Year 2035

[Projecl Description  US 2 Badrock Canyon Corridor Planning Study

[ Oper.(LOS} [ Des. (N) I Plan, (vp)

Flow Inputs
Volums, V {vehth) 614 Peak-Hour Factor, PHF 0.89
AADCT{veh/h) %Trucks and Buses, Py 6

Peak-Hour Prop of AADT (veh/d) %RVs, P 4

Peak-Hour Direction Prop, D General Terrain: Rofling

DDHVY {veh/h}) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2

Calculate Flow Adjustments

fy 1.00 = 20

E, 2.5 fy 0.885

Speed Inputs Calc Speed Adj and FFS

L
Total Lateral Clearance, LC (f}) 12,0 £ (milh)
Access Points, A {Afmi) 0 .
i fy (mifh)

Median Type, M ¢ i

FFS (measured) 61.0 (i)

Base Free-Flow Speed, BFFS FFS (mifh) 61.0
Operations Design

Design (N}

iOperatichal {LOS)

Flow Rate, vy {pcihiln) 380
Speed, S (mifh) 80.0
D {pe/mifin) 8.5
LOS A

Required Number of Lanes, N
Flow Rate, vy {peh)

Max Service Flow Rate (pc/hiin)
Design LOS

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Directional demand flow rate In outside lane, v, (Eq. 16-24) veh/h

Page 2 of 2

344.9
Effeclive width, W, (Eq. 15-29) f 24.00
Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eq. 15-31) 345
Bicycle level of service (Exhibit 15-4) C
Copyright © 2012 Universily of Florida, All Rights Reserved
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columba Falls to Hungry Horse
Date Performed 413072012 Jurisdigtion Flathead County
Analysis Time Period PM Peak Analysis Year 2035
]Project Description  US 2 Badrock Canyon Corridor Pianning Study
I Oper.{LOS) I Des. (N) I™ Plan. (vp)
Flow Inputs
Volume, V {veh/h) 586 Peak-Hour Factor, PHF 0.89
AADT({veh/h) %Trucks and Buses, P 6
Peak-Hour Prop of AADT {veh/d) %RVs, Py, 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHV (veh/n) Grade  Length (mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
£ 1.00 Ep 20
E; 25 fuy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft) 12.0 £, (mih)
Total Lalerle Clearance, LC {fy 12.0 fLc (i)
Access Points, A {Afmt) 0 .
fy (mifh)
Median Type, M —
FFS {measured) 62.0 w (i)
Base Free-Flow Speed, BFFS FFS {mifh) 620
Operations Design
Design (N)

Operational (LOS)

Flow Rate, A {pcih/in) 372
Speed, S (mifh) 60.0
D {pc/mifin) 6.2
LOS A

Required Number of Lanes, N
Flow Rate, Vo {peih)

Max Service Flow Rate (pc/h/in)
Design LOS

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

IDirectiona! demand flow rate in outside lane, v, (Eq. 15-24) veh/h

Page 2 of 2

329.2
Effactive width, W, (Eq. 15-29) ft 24,00
Effective speed facior, 8; (Eq. 15-30} 4,79
Bicycle level of service score, BLOS {Eg. 15-31) 342
Bicycle level of service (Exhibit 15-4) C
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdiglion Flathead County
Analysis Time Period PM Peak Analysis Year 2035
[Projecl Description  US 2 Badrock Canyon Corridor Planning Study
I Oper.(LOS) [ Des. (N) I Plan. (vp)

Flow Inputs
Volume, V (veh/h) 981 Peak-Hour Factor, PHF 0.91
AADT{vehih) %Trucks and Buses, P, 8
Peak-Hour Prop of AADT (veh/d) %RVs, Py 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHY {veh/h) Grade  Length (mi) 0.00
Driver Type Adjusiment 1.00 Up/Down % 0.00

Number of Lanss 2
Calculate Flow Adjustments
f 1.00 Eq 20
E; 25 v 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft 12,0 f,, (mith)
Total Later'a! C[earancfe, LC{fy 120 i, (i)
Access Points, A (A/mi) 0 .

. fy {mih)

Median Type, M -
FFS (measured) 60.0 w (i)
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design

Design {N)

Operaiional (LOS

Required Number of Lanes, N

Flow Rate, v_{pc/hfin
Soeed S f’ﬁgp ) gg% Flow Rate, Yy (pcih)
peed, ) (mifh) | Max Service Flow Rate {pc/ivin}
D (pc/mifin) 10.1 )
Design LOS
LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)
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|Directional demand flow rate in outside lane, v, (Eq. 15-24) veh/n 5390

HEﬁec!ive width, W, (Eq. 15-29) 24.00
"Effective speed factor, S, (Eq. 15-30) 4.79
Bicycle Tevel of service score, BLOS (Eq. 15-31) 3.67
D

Bicycle level of service (Exhibit 15-4)
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‘ 4
Corridor Planning Stud Improvement Options Report

Appendix 4

Operational
Analysis Worksheets

2035 Four-Lane Adjusted Annual Average

Direction 1 = Eastbound
Direction 2 = Westbound




MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information
Analyst David Stoner Highway/Direclion to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdigtion Flathead County
Analysis Time Period AM Peak Analysis Year 2035
IProject Desctiption  US 2 Badrack Canyon Corridor Planning Study
I Oper.{LOS) I Des. (N} [ Ptan. {vp)

Flow Inputs
Volume, V (veh/h) 398 Peak-Hour Factor, PHF 0.93
AADT(vehfh) %Trucks and Buses, Py 6
Peak-Hour Prop of AADT {veh/d) %RVSs, P 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHYV {vehih) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
f 1.00 Eq 20
E; 25 oy 0.885
Speed Inputs Calc Speed Adj and FFS
Tolal Lateral Clearance, LC {ft} 12.0 £, (mil)
Access Paoints, A (A/mi) 0 .

f, (mifh)

Median Type, M iy~
FFS (measured) 60.0 he ()
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design

Design (N}

Operationat (LOS

Flow Rate, v, {pefhiing 244
Speed, S (mifh) 80.0
D (pe/mifin) 4.0
LOS A

Required Number of Lanes, N
Ftow Rale, vy {pcfh)

Design LOS

Max Service Flow Rate (pc/hfin)

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 2 of 2

Bicycle level of service (Exhibit 15-4)

Directional demand flow rate in outside lane, vy, (Eq. 15-24) velvh 2140
Effective width, W,, (Eg. 15-29) it 24.00
Effective speed factor, S; (Eq. 15-30} 479
Bicycle level of service score, BLOS {Eq. 15-31) 321
C
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)
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MULTILANE HIGHWAYS WORKSHEET(Direction 2}

General Information Site Information
Analyst David Stoner Highway/Direction o Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdiglion Flathead County
Analysis Time Period AM Peak Analysis Year 2035
IP{oject Description  US 2 Badrock Canyon Corridor Planning Study
I Oper.{LOS) I Des. {N) [™" Plan. {vp)
Flow Inputs
Volume, V (veh/n) 250 Peak-Hour Factor, PHF 0.87
AADT(veh/h} %Trucks and Buses, P, 6
Peak-Hour Prop of AADT {veh/d) %RVs, Py 4
Peak-Hour Direclion Prop, D General Terrain: Rolling
DDHY {veh/n) Grade  Lenglh (mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
f 1.00 Er 20
E; 25 fiay 0.885

Speed Inputs

Calc Speed Adj and FFS

Lane Width, LW {ft) 12.0 £, (mifh}
1
Total Lateral Clearance, LC (ft) 12.0 f .. (mifh)
Access Points, A (Afmi} 0 o .
Med fy, (mif)
edian Type, M I
FFS (measured) 60.0 w (mifh)
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design
Operational {LOS Design ()
Flow Rate, v_ (pefivin) 160 Required Number of Lanes, N
Speed. S f:’h 60.0 Flow Rate, v {pcih)
Dpee ]' ] (i) ) 7 Max Service Flow Rate {pc/hiin)
(polmifio) ' Design LOS
LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 2 of 2

Directional demand flow rate in outside lane, v, (Eq. 15-24) vehih 1437
Effective width, W, (Eq. 15-29) ft 24.00
Effective speed faclor, S, (Eq. 15-30) 479
Bicycle lovet of service score, BLOS (Eq. 15-31) 300
Bicycle level of service (Exhibit 15-4) C
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 4/130/2012 Jurisdiction Flathead County
Analysis Time Period Median Off-Peak Analysis Year 2035
IPEo;‘ect Description  US 2 Badrock Canyon Corridor Planning Study
I Oper.{LOS) [ Des. (N) I Plan. {vp)
Flow Inputs
Volume, V (veh/h) 351 Peak-Hour Factor, PHF 0.91
AADT(veh/h) %Trucks and Buses, Py 6
Peak-Hour Prop of AADT (veh/d) %RVs, Pp 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDRV {vehh) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
A 1.00 Eq 2.0
£ 25 fuy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft) 12.0 £, (milh)
Total Later.a1 Ciearanc?, LC{ft) 12.0 i, (mif)
Access Poaints, A (A/mi) 0 .
. f,, (mifh)
Median Type, M -
FFS (measured) 61.0 he ()
Base Free-Flow Speed, BFFS FFS {mifh) 61.0
Operations Design
Desi
Operalional (LOS) —q—u;s' i dNN orof Lanes. N
Flow Rate, v_(pcih/in) 247 equired Number of Lanes,
Soeed. S i}h 600 Flow Rale, v, (po/h)
peed, S (mif) ‘ Max Service Flow Rate (po/hin)
B {pc/mifin) 36 .
Design LOS
LGS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 2 of 2

Direclional demand flow rate In oulside lane, vy, (Eq. 15-24) veh/h 192.9
Effeclive widlh, W, (Eq. 15-29) ft 24.00
Effeclive speed factor, S; {Eq. 15-30) 4.79
Bicycle level of service score, BLOS (Eg. 15-31) 3.15
Bicycle level of service (Exhibit 15-4) C
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US 2
Agency or Company DOWL HKM From/To Colurbia Falls fo Hungry Horse
Date Performed 4/30/2012 durisdiction Flathead County
Analysis Time Period Median Off-Peak Analysis Year 2035
|Pr0ject Description  US 2 Badrock Canyon Corridor Planning Study
I Oper.{LOS) I Des. (N) I Plan. (vp)
Flow Inputs
Volume, V {veh/h) 308 Peak-Hour Factor, PHF 0.89
AADT{veh/h) %Trucks and Buses, P 6
Peak-Hour Prop of AADT {veh/d) %RVs, Pp 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHY (vehih) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
fo 1.00 Er 20
£ 25 fay 0.885
Speed Inputs Calc Speed Adj and FFS
Total Lateral Clearance, LC{ft} 12.0 £ (milh)
Access Points, A {A/mi) 0 )
. fy, (mifh)
Median Type, M i
FFS (measured) 610 w (i)
Base Free-Flow Speed, BFFS FFS {mifh) 61.0
Operations Design
Design (N
Operational (LOS) Resa .n c?]N ber of L N
Flow Ralte, v. (poih/i) 04 equired Number of Lanes,
P Flow Rate, v_ {pch)
Speed, S {mih) 60.0 o P
) Max Service Flow Rate (pef/n)
D (pe/mifin) 32 )
Design LOS
LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2) Page 2 of 2

Directional demand flow rate in outside lane, v, (Eq. 16-24) vehih 1719
Effective width, W, (Eq. 15-29) ft 24.00
Effective speed factor, S, (Eq. 15-30} 479
Blcycle level of service score, BLOS {Eq. 15-31} 3.09
Bicycle lavel of service (Exhibit 15-4) C
Copyright © 2012 University of Florida, All Rights Reserved HCS 2010™ Version 6.3 Generated: 6/27/2012  4:06 PM
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MULTILANE HIGHWAYS WORKSHEET(Dir 1)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel ~ US2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 4130/2012 JUFiSdiL::ﬁOﬂ Flathead County
Analysis Time Period PM Peak Analysis Year 2035
|Projecl Description  US 2 Badrock Canyon Corridor Planning Study
[ Oper.(LOS} I Des. (N) I Plan. (vp)

Flow Inputs
Volume, V {veh/h) 296 Peak-Hour Factor, PHF 0.89
AADT(vehih) %Trucks and Buses, P, 6
Peak-Hour Prop of AADT (veh/d) %RVs, Py, 4
Peak-Hour Direction Prop, D General Terrain: Rolling
DDHVY (vehih) Grade  Length (i) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00

Number of Lanes 2
Calculate Flow Adjustments
f 1.00 Eq 20
E; 25 fy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ff) 12,0 £, (mifh)
Total Lateral Clearance, LC (ft) 12.0 f,g (milh)
Access Points, A {A/mi) 0 .

fy {mifh)
Median Type, M .
FFS {measured) 62.0 (i)
Base Free-Flow Speed, BFFS FFS (mifk) 620
Operations Design

Deslgn (N)
Operaticnal (LOS Resn .n o Number of L z
Fiow Rate, v_ (pc/h/n) - equired Number of Lanes,
Sveed S F:'h 600 Flow Rate, v, (pcih)

peec, . (i) ) Max Service Flow Rate {pc/hfin)

D (pefmifin) 34 ,

Design LOS
LOS A
Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 1) Page 2 of 2

’Directionm demand flow rate In outside lane, v, (Eq. 15-24) veh/h 166.3

Effective width, W, (Eq. 15-20) ft 24.00

Effective speed factor, 8, (Eq. 15-30) 4.79

||Bicyc!e level of service score, BLOS (Eq. 15-31) 3.08

[[Bicycte tevet of service (Exhibit 15-4) c

Gopyright @ 2012 University of Florida, All Rights Reseived HCS 2010™  Version 6.3 Generated: 6/27/2012 406 PM

file:///C:/Users/dstoner/AppData/Local/Temp/u2k 1703.tmp 6/27/2012



MULTILANE HIGHWAYS WORKSHEET(Dir 2)

Page 1 of 2

MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information
Analyst David Stoner Highway/Direction to Travel  US 2
Agency or Company DOWL HKM From/To Columbia Falls to Hungry Horse
Date Performed 413012012 Jurisdiction Flathead County
Analysis Time Period PM Peak Analysis Year 2035
lProject Description US 2 Badrock Canyon Corridor Planning Study
[ Oper.(LOS} [ Des. (N} I”" Ptan. (vp)
Flow inputs
Volume, V (veh/h) 491 Peak-Hour Factor, PHF 0.91
AADT{veh/h) %Trucks and Buses, Py 6
Peak-Hour Prop of AADT (veh/d) %RVs, PR 4
Peak-Hour Direction Prop, D General Terrain; Rolling
DDHYV {veh/h) Grade  Length {mi) 0.00
Driver Type Adjustment 1.00 Up/Down % 0.00
Number of Lanes 2
Calculate Flow Adjustments
fy 1.00 Eq 20
E; 2.5 fuy 0.885
Speed Inputs Calc Speed Adj and FFS
Lane Width, LW (ft) 12,0 £, (mith)
Total Later‘at C[earanctle, Lo{y 120 £, (mim)
Access Points, A (A/mi) 0 .
. fs, (mifh)
Median Type, M € il
FFS (measured) 60.0 e (i)
Base Free-Flow Speed, BFFS FFS (mifh) 60.0
Operations Design
|Operational (LOS) 2951§.n d:N N: ber of L N
Flow Rate, v_ (pc//n) 204 equired Number of Lanes,
Soped. S F}h 50.0 Flow Rate, v, (pc/h)
;o (M : .
Dp(eel ,”( ) 5.1 Max Service Flow Rale (pcih/in)
mifin .
pfmifin Design LOS
LOS A

Bicycle Level of Service
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MULTILANE HIGHWAYS WORKSHEET(Dir 2)

|Difectional demand flow rate in outside lane, v, (Eq. 16-24) veh/h

Page 2 of 2

269.8
||Effeclive widih, W, (Eq. 15-20) ft 24.00
I]Eﬂec!ive speed factor, 8, (Eq. 15-30) 4.79
liBicycte level of service score, BLOS (Eq. 15-31) 532
IBicycte tevel of service (Exnibit 15-4) C
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