BILLINGS AREA 1-90 CORRIDOR
PLANNING STUDY

APPENDIXD
IMPROVEMENT OPTIONS REPORT

PREPARED FOR:
MONTANA

DEPARTMENT OF TRANSPORTATION

PREPARED BY:

104 East Broadway, Suite G-1
P.O. Box 1009
Helena, Montana 59624
(406) 442-0370

March 2012






Billings Area I-90 Corridor Planning Study

Improvement Options Report

TABLE OF CONTENTS
1.0 INTRODUCTION....ccoiiiiiiiiiiiiiitiiiieeeeeeeneentaasaesescnsensansessnssnsensansansnnes 1
2.0 DEVELOPMENT OF IMPROVEMENT OPTIONS .......cciiiiiiiiieiecicneneenennes 5
2.1 Corridor NEEdS ......ccuiiuiiiiiiiiiiiiiiiiiiiiiirii ettt st s ea e e e s eansaaes 5
2.2 Community and Stakeholder Input...........ccooeiiiiiiiiiiiiiie e, 5
2.3 Mainline Capacity Considerations..........ccccceueiiuiiiiiiiiiiiiiiiierceeceeeeeeeeeeene. 5
2.4 Lane Balance Considerations ...........ccceeiiuiiiiiiiiiiiiiiiiiiiiiiictcreec e 8
3.0 DESCRIPTION OF IMPROVEMENT OPTIONS ......coiiriiiiiiiiriiieceieeenees 10
3.1 Mainline Segments Between Adjacent Interchanges (M Options)............ 13
3.2 Mainline Segments Under or Through an Interchange (U Options).......... 15
3.3 Bridges (B OPtiONS)....ccceeuiiiiiiiiiiiiiiiiieriereeteerenereerrneeeesesenssensenssnssensensses 17
3.4 Interchanges (I OPtioNS) ....ccuiiuiiiiiiiiiii et e e s eeeeenes 19
4.0 IMPROVEMENT OPTION ANALYSIS......cciiiiiiiiiiiiiiicceececneenrennannes 21
4.1 Mainline Segments Between Adjacent Interchanges (M Options)............ 21
4.2 Mainline Segments Under or Through an Interchange (U Options).......... 27
4.3 Interchanges (1 OPtioNS) ....c.cciuuiiiiiiiiiiiiiiiceee et creereeeeeneernseaneeenes 31
4.4 Summary of Improvement Option Analysis.......ccccccuevieiiinciininienceeneneennnnn. 37
5.0 ANTICIPATED IMPACTS AND POTENTIAL MITIGATION MEASURES........ 38
6.0 OTHER PLANNING EFFORTS AND PROJECTS......cccciiiiiieiiiciinrinenenens 41
7.0 SUMMARY OF FORWARDED IMPROVEMENT OPTIONS........ccccccvviieenenn. 43
List of Figures
FIgure 1-1  STUAY ATEa.....ccuuiiiiiiiiiie ittt ite ettt et stnestaestaestaeseassenssenssenssennsenssenssssnssnneees 3
Figure 2-1  Auxiliary Lane and Travel Lane ConcCepts ........ccccvueiiuiiiiiiiiiiniiiierinieineeeneeeneennnns 7
Figure 2-2 Lane Balance COoNCEPt..........civuiiiiiiiiiiiiiii ittt et et eeneeneeenseneesnnsssnssnnnees 9
Figure 3-1 Recommended Improvement Options.........cccciueiieiiiiiiiiiiieiiieiniiecee e eene. 11
Figure 4-1 Mossmain Ramp INtersections ............cceiieiiiiiiiiiiiiiiiii e eee e e eeen 32

Pagei



Billings Area I-90 Corridor Planning Study

Improvement Options Report

List of Tables

Table 3.1  Mainline Segments Between Adjacent Interchanges (M Options)..................... 14
Table 3.2 Mainline Segments Under or Through an Interchange (U Options)................... 15
Table 3.3 Independent Bridge Options (B Options).......c.cccceeeuiiiniiiniiiniiincieiiiceeeceeeneeene, 17
Table 3.4  Interchanges (1 OPtioNS) ......c.ciuuiiiiiiiiiiiiiiie et et eeae et eeneeeneeneseneeenns 19
Table 4.1  LOS Criteria for Basic Freeway Segments ........c..ccccceeieiiiniiiiiiniiiceeneeenecennenn. 22
Table 4.2 LOS Criteria for Weaving Segments.........cccccueiiiiiiiiiiiiiiieieeceeeee e eeneeneeenes 22
Table 4.3 LOS Criteria for Ramp GOre Areas.......c.cccoeeeueieueeeneeeneeeneeeneeeneeeneeeneeeneeenssensesnes 23
Table 4.4 LOS Analysis for Option M-3 ...t eeae e era e e eeneeenes 24
Table 4.5 LOS Analysis for Option M-5 ..........coouiiiiiiiiii et eee e e e e e eenes 25
Table 4.6  LOS Analysis for Option M-6 ...........cccciuiiiiiiiiiiiiiiie ettt eeeeeneeeneeeneeenes 26
Table 4.7 LOS Analysis for Option M-7 ..........ccoiiiiiiiiiiiieiie et et et et eeaeeneseneeenes 26
Table 4.8 LOS Analysis for Option U-4b..........cc.couiiiiiiiiiiiiiiice et eeeeeeaeeaes 28
Table 4.9 LOS Analysis for Option U-5........cc.ciiiiiiiiiiiiii ettt e e e e e e eenes 29
Table 4.10 LOS Analysis for Option U-6...........ccouiiiiiiiiiiiieiiice et et eeeeeaeeeneeeneeenes 30
Table 4.11 LOS Analysis for Option U-7........cc.ciiiiiiiiiiiiii ettt eeaeeeneeenseneeenes 30
Table 4.12 Intersection LOS Criteria.......cc.c.coueiiieiiiiiiiiiiiiiiiiiriiencien et seae e eees 32
Table 4.13 LOS Analysis for Option I-2b (Roundabouts) ........c.cccceevuiiiniiiniiiniiiiiencienceennnene. 35
Table 4.14 LOS Analysis for Option I-2b (Braided Ramps) ........ccceevueieuiieniiinerineeeneeeneeennnnns. 35
Table 4.15 LOS Analysis for Option I-2b (Single Point Urban Interchange [SPUI)).............. 36
Table 4.16 LOS Analysis for Option I-2b (Frontage Road Reconstruction) ......................... 36
Table 5.1  Potential Permitting and Regulatory Agency Coordination...........c.ccccceeuennnnene. 39
Table 7.1  Improvement Options Forwarded for Further Consideration............................ 45

Appendices

PY o] o1=T 4 e [t E OO PPRPPRN Mainline Improvement Option Plan Sheets
APPENIX 2...c..iiniiiiiiiiiie it eeaee Laurel and Mossmain Interchange Detail Sheets
APPENAIX 3 ...ttt ettt eteseaetaetaeeneseaetaeateearnesrnesenasenasenns Typical Sections
ApPendiX 4......cceiiniiiiiiiiiieree e Excerpts from Billings 1-90 Interchanges Project
APPENAIX 5 ..eeiiiiieiie e cee e e e s e s e e e eens Operational Analysis Worksheets
PaY o] o1=T 4 [e [} 3 TR PP Cost Estimate Spreadsheets

Page ii



Billings Area I-90 Corridor Planning Study

Improvement Options Report

1.0 INTRODUCTION

This report presents improvement options recommended within the study area for the Billings
Areal-90 Corridor Planning Study. The study area includes approximately 22 miles of Interstate
90 (1-90) beginning at the Laurel Interchange (Reference Post [RP] 433.8) and ending
immediately west of the Pinehills Interchange (RP 455.85). This study supplements information
and findings contained in the 2006 Billings 1-90 Interchanges Project report (Short Elliott
Hendrickson Inc [SEH] 2006). The 2006 SEH report provided a detailed study of various
interchanges within the same corridor limits. Figure 1-1 shows the study area termini, mainline
Interstate segments, and interchanges within the corridor.

The study focuses on mainline 1-90 elements, including Interstate segments and ramp gore areas,
or merge/diverge locations. The study also includes an analysis of the Laurel and Mossmain
Interchanges which were not included in the 2006 SEH report. The West Billings Interchange
was not included in the 2006 SEH report or this study due to Montana Department of
Transportation (MDT) improvements completed in 2007.
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Figure 1-1 Study Area
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2.0 DEVELOPMENT OF IMPROVEMENT OPTIONS

2.1 Corridor Needs

I mprovement options were developed to address the operational, geometric, and safety needs
within the study area between Laurel and Billings. Operational improvements were identified to
decrease congestion and improve traffic operations at locations where Level of Service (LOS) is
anticipated to drop below desirable levels by 2035. Traffic operations and lane balance
improvements were identified to provide lane continuity and to reduce weaving and merging
maneuvers throughout the corridor. Safety improvements were developed to reduce conflicts at
interchange ramps. Geometric improvements were identified where modifications are needed to
bring facilities up to current MDT design standards. Current and anticipated future operational,
geometric, and safety conditions within the 1-90 corridor are described in detail in the Existing
and Projected Conditions Report prepared for this study.

2.2 Community and Stakeholder Input

Stakeholders and members of the public requested that improvement options avoid or minimize
impacts to natural and community resources, minimize right-of-way acquisition and impacts to
adjacent land uses, and maintain consistency with local plans. There were also requests for
context sensitive design; aesthetic improvements; and safe passage across the Interstate facility
for non-motorized users at overpasses, bridges, and interchanges in the corridor. These concepts
relate to specific design elements and are would be considered at the project level.

2.3 Mainline Capacity Considerations

I mprovement options for mainline segments of the Interstate were developed to address the
capacity needs of the Interstate segments and to maintain desirable L OS through the 2035
planning horizon. Segments are defined as the portions of the Interstate mainline located between
adjacent interchanges. The MDT Traffic Engineering Manual and the MDT Road Design

Manual define desirable LOS for rural and urban Interstate facilities as LOS B or better. The
term freeway is used interchangeably with the term Interstate in this study.

Several mainline Interstate segments between the Shiloh Interchange and the Johnson Lane
Interchange are projected to operate at LOS C by 2035. A third lane in each direction would
improve these segments to a desirable LOS B.
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A third mainline Interstate lane can be developed in one of two ways:

e Construct an auxiliary lane on one or more mainline segments between interchanges. An
auxiliary lane is alane that occurs between interchanges, but does not proceed through
adjacent interchanges. Auxiliary lanes can occur on consecutive or aternating mainline
segments.

e Increase the basic number of lanes on the Interstate by constructing an additional travel
lane on two or more consecutive mainline segments traveling through consecutive
interchanges.

Auxiliary lanes are typically developed where additional capacity is needed between adjacent
interchanges, dueto traffic volumes entering the Interstate at one interchange and exiting the
Interstate at the following interchange.

Continuous travel lanes constructed through interchanges are typically used where additional
capacity is needed due to traffic volumes continuing through one or more downstream
interchanges.

In order to achieve efficient traffic operation through and beyond interchanges, MDT and
American Association of State Highway and Transportation Official (AASHTO) guidelines
recommend maintaining consistency in the basic number of lanes. The term “basic number of
lanes’ is defined as the minimum number of through lanes designated and maintained over a
significant length of a route based on the overall operational needs of that highway segment.

The auxiliary lane and travel lane concepts are illustrated in Figure 2-1.
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Figure 2-1 Auxiliary Lane and Travel Lane Concepts
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does not represent any portion of the 1-90 study corridor.
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Further analysis would be required to determine if auxiliary lanes or additional through travel lanes
are warranted. For example, an origin-destination study could be conducted at the project level to
identify traffic usage patterns, including trip length and termini.

2.4 Lane Balance Considerations
The concept of lane balance should be considered when proposing changesto Interstate lane
configuration. MDT’s lane balance guidelines provided in (Section 29.3.2 of the Traffic
Engineering Manual) state:
e At entrances, the number of lanes beyond the merging of the two traffic streams should not
be less than the sum of the approaching lanes minus one.

e At exits, the number of approach lanes on the highway should equal the sum of the number
of mainline lanes beyond the exit plus the number of exiting lanes minus one.

Figure 2-2 illustrates acceptable lane configurations that follow lane balance guidelines.
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Figure 2-2 Lane Balance Concept
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Asnoted in Figure 2-2, Examples A and B illustrate a continuous basic number of lanes, while
examples C and D illustrate an auxiliary lane condition where an additional third lane does not
continue upstream or downstream beyond the interchanges. The appropriate number of off-ramp
lanes varies based on the number of mainline lanes. If a mainline lane is dropped downstream of an
off-ramp as in Example C and D, a second off-ramp lane is needed to satisfy lane balance guidelines.
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3.0 DESCRIPTION OF IMPROVEMENT OPTIONS

I mprovement options are described in the following sections according to their Option ID. The
Option ID is aletter and number combination used to identify options, and is defined as follows:

o Letter:
o M - animprovement to amainline Interstate segment occurring between the gore
areas of two interchanges
o U - amainline Interstate improvement occurring underneath or through an
interchange (i.e., between the gore areas of an interchange)
o B - abridge or structure improvement that is independent from other options
o | - aninterchange improvement

e Number: Improvement option numbering reflects the segment or interchange number within
the study corridor and istypically consecutive from west to east
I mprovement options are also categorized according to option type. The type of improvement
option corresponds to the need identified in a specific location, such as capacity, geometric, traffic
operations, and safety needs.

Figure 3-1 illustrates recommended improvement options. Detailed plan view and typical section
illustrations are provided in Appendices 1, 2, and 3.
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Figure 3-1 Recommended Improvement Options
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3.1 Mainline Segments Between Adjacent Interchanges (M
Options)
Mainline segments in the 1-90 corridor are generally configured with two lanes in each direction.
I mprovement Options M-3, M-5, M-6, and M-7 would address LOS issues by constructing an
auxiliary lane on mainline segments 3, 5, 6, and 7, for atotal of three lanes in each direction.
The auxiliary lanes would not extend through the upstream and downstream interchanges, but
would be limited to the mainline segment between adjacent interchanges. The location of the
third lane would be determined during project design and development. Constructing athird
lane toward the median could reduce right-of-way needs, and was assumed for this study.

Project level analysis would be required to determine if auxiliary lanes or additional through
travel lanes are warranted based on observed traffic usage patterns in the 1-90 corridor. For
example, it may be appropriate to conduct an origin-destination study during project
development to identify traffic usage patterns in the corridor, including trip length and termini.
Vehicles entering the Interstate a an interchange and exiting at the following interchange would
indicate a need for auxiliary lanes.

Mainline Segment 4 between the West Billings Interchange and the South Billings Boulevard
Interchange is configured with two through lanes and an auxiliary lane in both directions. This
segment is projected to operate a a desirable LOS B through the 2035 planning horizon year.
No improvements are recommended for this segment to address LOS.

Bridge structures impacted as aresult of mainline widening improvements are identified in Table
3.1. Bridges are discussed in more detail in Section 3.3.M Options would require a second off-
ramp lane at each of the ramp gore points where an auxiliary lane is recommended.

Additional off-ramp lanes would address lane balance requirements, and are not a requirement
for LOS purposes. Lane configurations recommended in the 2006 SEH report are considered
valid. If improvement options are forwarded from this study, lane transitions between ramp gore
points and ramp intersections would need to be considered.

Option M-3 would involve adding an additional WB off-ramp lane at the Shiloh Interchange to
maintain lane balance. This effort would include complete reconstruction of the mechanically
stabilized earth (MSE) wall currently supporting the single lane off-ramp from the gore areato
the ramp bridge structure. Installation of the current MSE wall involved a year-long soil
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stabilization process and required coordination with BNSF Railway regarding the existing
railroad easement and its daily railway operations. A similar process could be expected for ramp
reconstruction. The westbound off-ramp would need to be closed during reconstruction,
requiring westbound off-ramp traffic to use either the Mossmain I nterchange or the West
Billings Interchange.

Plan view and typical section illustrations for Improvement Options M-3, M-5, M-6, and M-7 are
provided in Appendices 1 and 3.

Table 3.1 Mainline Segments Between Adjacent Interchanges (M Options)

g Option Option . o
Location D Type Improvement Option Description

Construct EB and WB auxiliary lanes on the mainline segment between
the Shiloh and West Billings Interchanges

Other elements include:

Mainline |, o e Construct additional WB off-ramp lane at Shiloh Interchange ramp
Segment 3 gore
o Construct additional EB off-ramp lane at West Billings Interchange
ramp gore

e Reconstruct EB and WB 1-90 bridge crossing of Hogan’s Slough
Construct EB and WB auxiliary lanes on the mainline segment between
the South Billings Boulevard and South 27" Street Interchanges

- Other elements include:

Mainline M-5 ¢ Construct additional WB off-ramp lane at South Billings Boulevard
Segment 5 Interchange ramp gore
o Construct additional EB off-ramp lane at South 27" Street

%‘ Interchange ramp gore
g e Reconstruct EB and WB 1-90 bridge crossing of Sugar Avenue
8 Construct EB and WB auxiliary lanes on the mainline segment between
the South 27" Street and Lockwood Interchanges
- Other elements include:
Mainline M-6 e Construct additional WB off-ramp lane at South 27" Street
Segment 6 Interchange ramp gore
e Construct additional EB off-ramp lane at Lockwood Interchange
ramp gore
e Reconstruct EB and WB 1-90 bridge crossing of rail facility
Construct EB and WB auxiliary lanes on the mainline segment between
the Lockwood and Johnson Lane interchanges
Mainline Other elements include:
Segment 7 M-7 e Construct additional WB off-ramp lane at Lockwood Interchange
ramp gore
e Construct additional EB off-ramp lane at Johnson Lane Interchange
ramp gore
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3.2 Mainline Segments Under or Through an Interchange (U
Options)
Mainline segments under or through an interchange (termed “under” segments) currently have
two travel lanes in both the eastbound and westbound directions. Improvement Options U-4b,
U-5, U-6, and U-7 would involve constructing a third travel lane within these “under” segments.
U options would connect with M options to provide continuity in the basic number of lanes
throughout the corridor and reduce weaving maneuvers as a result of ramp and auxiliary lane
merging. The location of the third lane would be determined during project design and
development. Constructing the third lane toward the median could reduce right-of-way needs
and was assumed for this study. Recommended improvement options for under segments and
impacted bridge structures are identified in Table 3.2. Bridges are discussed in more detail in
Section 3.3.

Table 3.2 Mainline Segments Under or Through an Interchange (U Options)

Lengthen EB on-ramp at Laurel Road
Other elements include:
U-4a Safety e Modify vertical curve
e Reconstruct EB I-90 bridge crossing of Laurel Road
e Reconstruct EB I-90 bridge crossing of Mullowney
Lane
Interchange 4: Constru_c_t additional EB and WB mainline lanes through the
West Billings West Billings Interchange
_ Other elements include:
Traffic e Modify vertical curve
U-4b | Operations & e Reconstruct EB and WB 1-90 bridge crossing of
Lane Balance Laurel Road ramps
e Reconstruct EB and WB 1-90 bridge crossing of
Mullowney Lane
o Restripe WB off-ramp at West Billings Interchange
g‘;i;ﬁhgir:l?fgi' U5 OpeTr:ﬂg(r:]s & Construct additionaI_E_B and WB mainline lanes under and
through the South Billings Boulevard Interchange
Boulevard Lane Balance
Construct additional EB and WB mainline lanes under and
Interchange 6: Traffic through the South 27" Street Interchange
South 27" U-6 | Operations & | Other elements include:
Street Lane Balance e Restripe EB off-ramp at South Billings Boulevard
Interchange
. Traffic .. L
Interchange 7: U-7 | Operations & Construct additional EB and WB mainline lanes under and
Lockwood through the Lockwood Interchange
Lane Balance
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A third lane is not needed to improve LOS within the “under” segments during the 2035
planning horizon. Additional capacity is needed at mainline segments 3, 5, 6, and 7, which are
located between the interchanges. Project level analysis would be required to determine if
auxiliary lanes or additional through travel lanes are warranted based on observed traffic usage
patterns in the [-90 corridor. Vehicles entering the Interstate at an interchange and continuing
through multiple downstream interchanges would indicate a need for three continuous travel
lanes in each direction.

Constructing a third through travel lane within the study corridor would have different lane
balance implications as compared to constructing auxiliary lanes with M Options. For example,
if acontinuous third travel lane were to be constructed through either the West Billings
Interchange (Option U-4b) or the South Billings Boulevard Interchange (Option U-5), the
downstream off-ramp would need to be reconstructed or restriped as a single lane diverging off-
ramp to maintain lane balance. If improvement options are forwarded from this study, the issue
of lane balance would need to be investigated relating to the proper number of off-ramp lanes for
each project. Due to multiple variations in off-ramp configurations, under improvements are not
illustrated.

Project level analysis would also be needed to assess traffic patterns within segment 4 located
between the West Billings Interchange and the South Billings Boulevard Interchange. This
mainline segment is currently configured with two travel lanes and an auxiliary lane in each
direction. Auxiliary lanes allow vehiclesto enter and exit the Interstate with less conflict than
mainline configurations with on-ramps and off-ramps that directly merge onto and diverge from
the Interstate. If improvement options are forwarded from this study, project level analysis
should be conducted to determine if traffic patterns, capacity needs, or safety issues continue to
warrant an auxiliary lane configuration between the West Billings Interchange and the South
Billings Boulevard Interchange mainline segment.

If three through travel lanes are not warranted and Option U-4b is not implemented, Option U-4a
iswould address a documented safety concern at the West Billings Interchange. This option
would lengthen the EB Laurel Road on-ramp at the West Billings Interchange. The high number
of rear-end crashes involving multiple vehicles in this location may indicate either merging or
acceleration issues. This option would allow vehiclesto gradually attain speed within a
lengthened parallel ramp, reducing merging conflicts with mainline volumes.
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3.3 Bridges (B Options)

Independent bridge options involve reconstructing bridge structures classified as functionally
obsolete and/or fracture critical and eligible for rehabilitation by MDT. The term “functionally
obsolete” indicates the bridge was built to sandards that are no longer used today. Thisterm
does not imply that the bridge is unsafe, rather that the bridge does not meet current MDT design
standards for lane widths, shoulder widths, or vertical clearances to serve current traffic demand.
The term “fracture critical” indicates the bridge does not include redundant supporting elements,
meaning if key supporting elements were to fail, the bridge would be in danger of collapse. This
term does not mean the bridge is inherently unsafe, only that there is alack of redundancy in its
design.

Independent bridge options are listed in Table 3.3.

Table 3.3 Independent Bridge Options (B Options)

Mainline , Reconstruct EB and WB 1-90 bridges crossing S. 56" Street;
B-2 Geometric : .
Segment 2 modify vertical curve
Mainline Capacity |Reconstruct EB and WB 1-90 bridges crossing the
B-6 ! ,
Segment 6 Geometric | Yellowstone River

Option B-2 would reconstruct the EB and WB 1-90 bridges crossing S. 56" Street. The current
structures are functionally obsolete and reconstruction would bring the structures up to current
MDT design standards. The bridges are anticipated to retain their current lane configuration
throughout the planning horizon of 2035 because mainline Interstate widening options are not
recommended adjacent to Option B-2. If Option B-2 is forwarded from this study, additional
analysis should be conducted during project development to verify future traffic demands and
mainline capacity needs at this location as the bridge design life is longer than the planning
horizon.

Option B-6 would reconstruct the EB and WB Y ellowstone River Bridges. The current
structures are designated as functionally obsolete and fracture critical. Reconstruction would
bring the structures up to current MDT design standards and address the fracture critical
designation. The Y ellowstone River Bridges are located within mainline segment 6, identified as
a segment requiring widening to address capacity needs within the planning horizon. To match
improvement options identified for Segment 6, the Y ellowstone River Bridges should be
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reconstructed with three travel lanes in each direction. For this study, it was assumed that the

Y ellowstone River Bridge would be constructed with three 12-foot travel lanes, atwo-foot inside
shoulder, and aten-foot outside shoulder (see typical sections provided in Appendix 3). If Option
B-6 is forwarded from this study, it may be appropriate to consider widening the bridge further
to accommodate an emergency travel lane. Modifications to the width could be considered
during the design phase of an individual project. Additional analysis should be conducted during
project development to verify future traffic demands and mainline capacity needs at this location.

A number of other bridges in the corridor will need to be reconstructed due to mainline widening
and interchange reconstruction projects, as discussed in Sections 3.1, 3.2, and 3.4. These bridges
are otherwise functionally and structurally sound, but will require reconstruction due to widening
associated with a mainline or interchange improvement and are included in mainline
improvements.

For al options involving bridge reconstruction (including independent bridge options, mainline
widening, and interchange options), this study assumes that the new bridge structures will be
designed and built to accommodate anticipated traffic demands within the 2035 planning horizon
only. Although the design life identified by MDT for new bridge structures (roughly 75 years)
extends beyond the planning horizon of this study, a reporting of possible traffic demands
beyond this study’ s timeframe were not projected beyond 2035 to a 75-year period due to the
high number of unknown variables and the unreliability of extended forecasts. It is anticipated
that specific design requirements will be addressed during the design phase for any forwarded
improvements.

If improvement options involving bridge reconstruction are forwarded from this study, bridges
could be designed and constructed to allow expansion of additional travel lanes to accommodate
future capacity needs throughout the design life of the bridge. Mainline bridge structures, ramps
and on-system overpass structures may be constructed using methods and structure types
commonly used on the Interstate system in Montana. Substructures typically consist of pile or
drilled shaft foundations supporting cast-in-place concrete pile caps, pier walls, or hammerhead
caps. Superdructures range from steel plate girders to pre-stressed concrete |-girders supporting
cast-in-place concrete deck slabs. Miscellaneous elements supported by and attached to the
bridge deck include sidewalks, vehicle barriers, pedestrian barriers and steel bridge railing, as
appropriate. These types of systems have been used successfully since the inception of the
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Interstate system and can generally be widened to accommodate additional traffic lanes without
adversely affecting traffic flow.

At amajor river crossing such asthe Y ellowstone River, efforts should be undertaken to
minimize the substructure' s impact on the established floodplain. Longer span superstructures
may be designed to minimize the number of piers within the floodplain. The recent development
of supergirders within the pre-cast, pre-stressed concrete industry have resulted in single span
lengths in excess of 300 feet, although the feasibility of shipping or transporting such lengths to
the project site may affect consideration of these systems. Steel box girders and pre-cast
segmented concrete bridges may also be viable options, although these systems may require
more intense planning to determine the feasibility of widening the bridge deck to accommodate
additional traffic lanes in the future.

Depictions of Options B-2 and B-6 are provided in Appendices 1 and 3.

3.4 Interchanges (| Options)

This study includes an analysis of the Laurel and Mossmain Interchanges to supplement analysis
conducted for 2006 SEH report. Improvement options identified in the 2006 SEH report are valid
and are provided in Appendix 4 of this document. Table 3.4 lists recommended interchange
improvement options.

Table 3.4 Interchanges (I Options)

Extend EB and WB on-ramps and off-ramps; flatten horizontal
curves at WB off-ramp and EB on-ramp; modify vertical curves

Interchange 1: | I-1a Geometric

Other elements include:
Laurel

e Reconstruct EB I-90 bridge crossing of US 212 / US 310
I-1b Safety Upgrade lighting at Laurel Interchange to CIL standards
[-2a Geometric |Extend EB and WB on-ramps and off-ramps
Reconstruct Mossmain Interchange
Variations include:
Interchange 2: . e Braided Ramps
. I-2b Capacit
Mossmain pacity ¢ Roundabouts
e Single Point Urban Interchange (SPUI)
e Reconstruction of Frontage Roads

I-2¢ Safety Upgrade lighting at Mossmain Interchange to CIL standards
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Options I-1a and |-2a would extend the EB and WB on- and off-ramps at the Laurel Interchange
and the Mossmain Interchange to bring each interchange up to current MDT design standards for
ramp lengths. As part of Option I-1a, the EB 1-90 bridge crossing US 212 / US 310 would need
to be reconstructed to accommodate the additional width needed to support the ramp
improvement. Option I-1laand I-2a areillustrated in Appendix 2.

Option I-1b and 1-2c would install additional lighting at the Laurel and Mossmain I nterchanges
to meet CIL gandards. If improvement options are forwarded from this study, an appropriate
level of lighting could be considered during project development. CIL is warranted at these
interchanges, although Chapter 13 of the MDT Traffic Engineering Manual (November 2007)
notes PIL is generally MDT’ s preferred method for interchange lighting.

The Laurel Interchange intersections are anticipated to operate at LOS C or better through the
study horizon year. The Mossmain Interchange is expected to experience a degradation of its
LOS and continue to exhibit capacity issues at the ramp and frontage road intersections. While
traffic volumes at these intersections are not overwhelming, geometric deficiencies resulting
from the interchange’ s closely spaced intersections may result in operational failure during peak
demand periods. Option I-2b would involve a complete reconstruction of the Mossmain
Interchange to address these issues. Multiple variations on this option were considered,
including braided ramps, roundabout configurations, a single-point urban interchange (SPUI),
and reconstruction of the frontage roads. These variations would require modifications to
adjacent transportation systems, structure improvements, drainage and irrigation features, and
right-of-way acquisition to accommodate a final design. A traffic analysis and geometric design
would be developed if a project is initiated. Illustrations of possible concepts are included in
Appendix 2.

FHWA has developed an 8-Point Policy Analysis that is required in order to approve new or
revised access pointsto the Interstate System. This 8-Point Policy Analysis must be supported
by substantiated information justifying and documenting the decision to modify the existing
access points along the Interstate. FHWA's decision to approve a request is dependent on the
proposal satisfying and documenting the eight requirements pursuant to 23 U.S.C. 111. This
policy would apply only to Improvement Option I-2b and would be addressed at the projected
level.
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4.0 IMPROVEMENT OPTION ANALYSIS

I mprovement options altering the number or configuration of mainline lanes or interchange ramp
lanes were analyzed to determine how the options would affect LOS within the 2035 planning
horizon. Mainline and ramp intersection locations were analyzed using procedures outlined in
the Highway Capacity Manual (HCM) 2010. Freeway components, HCM concepts, LOS
criteria, operational analysis methods, and software applications used for this study are described
in detail in the Existing and Projected Conditions Report and are summarized in the following
sections.

4.1 Mainline Segments Between Adjacent Interchanges (M
Options)

Methodology

Mainline Interstate

Traffic conditions on transportation facilities are commonly defined using the Level of Service
(LOS) concept. The HCM 2010 defines LOS based on a variety of factorsto provide a
gualitative assessment of the driver’s experience. For mainline Interstate operations, the HCM
defines LOS on the basis of vehicle density. Factors affecting mainline LOS include free flow
travel speed, percentage of trucks and buses within the travel stream, driver population factor,
peak hour factor, the number of travel lanes, and terrain. LOS for freeway segments is generally
a measure of the degree of congestion on a roadway and applies to a specific time period, usually
15 minutes. For amainline, six LOS categories ranging from A to F are used to describe traffic
operations, with A representing the best conditions and F representing the worst.

Basic freeway segments are the portions of a freeway outside the influence area of any on-ramp
or off-ramp. Table 4.1 presents LOS density criteria for basic mainline freeway segments.
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Table 4.1 LOS Criteria for Basic Freeway Segments

Level of Density

Service (pc/mi/in)®
A <11.0
B >11.0to 18.0
C >18.0to 26.0
D >26.0 to 35.0
E >35.0 to 45.0
F >45.0 or any component with a vd/c® ratio >1.00

Source: HCM 2010, Exhibit 10-7 LOS Criteria for Freeway Facilities.
@ pe/milin: passenger cars per mile per lane
@ A Demand Flow Rate (vd/c) > 1.00 indicates vehicle demand exceeds available capacity.

Freeway weaving segments are the portions of a freeway where an on-ramp is closely followed
by an off-ramp and entering or exiting traffic must make at least one lane change to enter or exit
the freeway. Table 4.2 presents LOS density criteria for mainline weaving segments.

Table 4.2 LOS Criteria for Weaving Segments

Level of Density

Service (pc/mi/in)®
A 0to 10.0
B >10.0 to 20.0
C >20.0 to 28.0
D >28.0to 35.0
E >35.0
F Demand exceeds capacity®

Source: HCM 2010, Exhibit 12-10 LOS Criteria for Weaving Segments.

@ pe/milin: passenger cars per mile per lane

@ Level of service for weaving segments is generally based on density, although in this case
LOS is defined as F when the demand volume exceeds available capacity.

Highway Capacity Software (HCS) 2010 was used to analyze LOS for basic and weaving
Interstate links throughout the corridor. Appendix 5 contains operational analysis worksheets for
each analysis location.

Ramp Gore Areas

Ramp gore areas (also called freeway merge and diverge segments) are the portions of a freeway
where traffic enters or exits without having to change lanes to enter or leave athrough traffic
lane. Aswith mainline operations, six LOS categories ranging from A to F are used to describe
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traffic operations for ramps, with A representing the best conditions and F representing the
worst. To reflect driver perceptions regarding the operations of ramps and transitional facilities
between freeways and intersecting arterials, the density ranges for corresponding levels of
service for ramps is broader than that for freeway segments. Table 4.3 presents LOS criteria for
ramp gore areas. HCS was used to analyze L OS for ramp gore areas throughout the corridor.
Appendix 5 contains operational analysis worksheets for each analysis location.

Table 4.3 LOS Criteria for Ramp Gore Areas

gz @l Density (pc/mifln) @ Comments

Service
A <10.0 Unrestricted operations
B >10.0 to 20.0 Merging and diverging maneuvers noticeable to drivers
C >20.0to 28.0 Influence area speeds begin to decline
D >28.0t0 35.0 Influence area turbulence becomes intrusive
E >35.0 Turbulence felt by virtually all drivers
F Demand exceeds capacity | Ramp and freeway queues form

Source: HCM 2010, Exhibit 13-2 LOS Criteria for Freeway Merge and Diverge Segments

@ pe/milin: passenger cars per mile per lane
Analysis Results
The MDT Traffic Engineering Manual and MDT Road Design Manual define desirable
operations for urban and rural freeway facilitiesas LOS B. Mainline segments and gore areas
are expected to operate a LOS B or better with implementation of the recommended auxiliary
lane improvements.

Tables 4.4 through 4.7 present the results of the LOS analysis for mainline improvement options
between adjacent interchanges. Each table lists only the mainline segments and ramp gore areas
that would be affected by the particular option. Detailed analysis worksheets are contained in
Appendix 5.

Option M-3

Option M-3 is located within the mainline I nterstate segment between the Shiloh Interchange and
the West Billings Interchange. As noted in Table 4.4, this mainline segment is expected to
operate at LOS C in its current configuration by the study horizon year of 2035. Additionally, the
Shiloh eastbound on-ramp and the West Billings westbound on-ramp are expected to reach LOS
C by 2035 if no improvements are made. The eastbound off-ramp at the West Billings
Interchange is projected to operate at LOS F in the horizon year. This poor LOS isaresult of a
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high 15-minute peak traffic demand that was observed in the field during the collection of traffic
data. Theright-hand columnsin Table 4.4 illustrate that Segment 3 and adjacent ramps are
expected to operate a LOS B with implementation of Option M-3.

Table 4.4 LOS Analysis for Option M-3

' 2035 With Improvement
2035 Without Improvement Option M-3

Location EB WB EB WB
Density Density Density Density

ecmiin® 05 (oeiminny® L9 (peminny® LO5 (peiminny® LOS
R 25.4 - - 19. B -

Shiloh On-Ramp 5 C 9.6

Off-Ramp - - 17.5 B 12.6 B
shileln fe Mainline 21.6 C 20.4 C 13.8 B 13.5 B
West Billings

. On-Ramp - - 234 c - - 18.3 B

West Billings 2)

Off-Ramp 13.4 B - - 15.2 B

Source: DOWL HKM, 2011.

@ pe/milin: passenger cars per mile per lane

@ The West Billings off-ramp generally operates at LOS B during the peak hour, as indicated by the reported density.
Due to a high 15-minute traffic volume observed within the peak hour, calculations indicate that the capacity of the
ramp gore is briefly exceeded and operates at LOS F. If Option M-3 is forwarded from this study, updated traffic
data should be collected and the need for an additional off-ramp lane should be considered.

Dashes (-) indicate option does not address location.

The eastbound Shiloh on-ramp and the westbound West Billings on-ramp are projected to
operate with densities very near the threshold between LOS B and LOS C of 20.0 passenger cars
per mile per lane with implementation of Option M-3 in 2035. These on-ramps are projected to
operate at adesirable LOS B through the planning horizon of 2035, and an additional on-ramp
lane is not recommended as part of this study. If improvement options are forwarded from this
study, additional analysis should be conducted during project development to determine if traffic
volumes warrant additional ramp lanes.

Option M-5

Option M-5 is located within the mainline segment between the South Billings Boulevard
Interchange and the South 27" Street Interchange. In its current configuration, the eastbound
lanes of this mainline segment are expected to operate at LOS C by the study horizon year.
Additionally, the eastbound on-ramp and westbound off-ramp at the South Billings Boulevard
Interchange and the eastbound off-ramp at the South 27" Street Interchange are expected to
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reach LOS C by 2035. Segment 5 and adjacent ramps are expected to operate at LOS B with
implementation of Option M-5, as noted in Table 4.5.

Table 4.5 LOS Analysis for Option M-5
3 2035 With Improvement
2035 Without Improvement Option M-5
Location EB WB EB WB
Density Density Density Density
cmiin)® S5 eminn® 95 peminny® |S93 | (peiminny® LS
South Billings On-Ramp 21.5 C - - 15.7 B - -
Boulevard Off-Ramp - - 23.2 C - - 12.4 B
South Billings
Boulevard to Mainline 19.7 C 17.7 B 131 B 11.8 B
South 27" Street
On-Ram - - 19.1 B - - 13.3 B
South 27" Street P
Off-Ramp 22.4 C - - 11.2 B -

Source: DOWL HKM, 2011.
@ pe/milin: passenger cars per mile per lane
Dashes (-) indicate option does not address location.

Option M-6

Option M-6 is located within the mainline segment between the South 27" Street I nterchange
and the Lockwood Interchange. Inits current configuration the eastbound lanes of this mainline
segment, the eastbound on-ramp at the South 27" Street I nterchange, and the westbound on-ramp
and eastbound off-ramp at the Lockwood I nterchange are expected to operate a LOS C by the
study horizon year of 2035. The westbound lanes of this mainline segment are predicted to
experience a density of 18 passenger cars per mile per lane (pc/mi/In) in 2035, which is just at
the demarcation between LOS B and LOS C. Asnoted in Table 4.6, Segment 6 and adjacent
ramps are expected to operate at LOS B with implementation of Option M-6.
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Table 4.6 LOS Analysis for Option M-6
. 2035 With Improvement
2035 Without Improvement Option M-6
Analysis Location EB WB EB WB
Density Density Density Density
cmin)® 95 peminn® OS5 (peminny® S5 | peminn)® LOS
On-Ram 23.7 C - - 16.6 B - -
South 27" Street P
Off-Ramp - - 17.8 B - - 11.7 B
South 27" Street -
to Lockwood Mainline 25.4 C 18.0 B 15.6 B 11.8 B
On-Ramp - - 21.8 C - - 15.2 B
Lockwood
Off-Ramp 23.4 C - - 16.5 B - -

Source: DOWL HKM, 2011.
@ pe/mifin: passenger cars per mile per lane
Dashes (-) indicate option does not address location.

Option M-7

Option M-7 is located within the mainline segment between the Lockwood I nterchange and
Johnson Lane Interchange. Inits current configuration the westbound lanes of this mainline
segment are expected to operate at LOS C by the study horizon year of 2035. The westbound
on-ramp at the Johnson Lane Interchange the eastbound on-ramp and westbound off-ramp at the
Lockwood Interchange are expected to operate a LOS C by 2035. Segment 7 and adjacent
ramps are expected to operate at LOS B with implementation of Option M-7, as noted in Table
4.7.

Table 4.7 LOS Analysis for Option M-7
: 2035 With Improvement
2035 Without Improvement Option M-7
Analysis Location EB | wB EB | wB
Density Density Density Density
mcmin)® 95  peminn® OS5 (peminny® S5 | peminn)® LOS
On-Ramp 21.7 C - - 14.2 B - -
Lockwood
Off-Ramp - - 20.7 C - - 13.4 B
Lockwood to -
el Se LA Mainline 17.1 B 20.3 C 114 B 13.1 B
On-Ram - - 23.8 C - - 19.9 B
Johnson Lane P
Off-Ramp 19.7 B - - 11.0 B - -

Source: DOWL HKM, 2011.
@ pe/milin: passenger cars per mile per lane
Dashes (-) indicate option does not address location.
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In 2035, the westbound Johnson Lane on-ramp is projected to operate with a density very near
the threshold between LOS B and LOS C of 20.0 passenger cars per mile per lane with
implementation of Option M-7 (see Table 4.7). Thison-ramp is projected to operate a a
desirable LOS B through the planning horizon of 2035, and an additional on-ramp lane is not
recommended as part of this study. If improvement options are forwarded from this study,
additional analysis should be conducted in this location to determine if an additional on-ramp
lane is warranted during project development.

4.2 Mainline Segments Under or Through an Interchange (U
Options)

Methodology
Please refer to Section 4.1 for a description of applicable methodology.

Analysis Results

I mprovement Options U-4b, U-5, U-6, and U-7 would involve constructing a third travel lane
under or through interchanges and linking I mprovement Options M-3, M-5, M-6, and M-7 in
order to provide continuity in the basic number of lanes throughout the corridor, aswell asto
eliminate weaving maneuvers as a result of ramp and auxiliary lane merging. Under segments
are not anticipated to reach LOS C by 2035 and athird lane is not needed for LOS reasons.

Although under options are not recommended in order to improve LOS, they are expected to
affect LOS within the corridor dueto the addition of athird lane and the resulting impact on lane
configuration. Tables 4.8 through 4.11 present the results of the LOS analysis for mainline
improvement options under or through an interchange. Each table lists only the mainline
segments and ramp gore areas that would be affected by the particular option. Detailed analysis
worksheets are contained in Appendix 5.

Option U-4b

Option U-4b is located within the West Billings Interchange between the on-ramps and off-
ramps on the eastern and western ends of the interchange. As noted previously in the discussion
for Option M-3, the westbound on-ramp at the West Billings Interchange is expected to operate
at LOS C if no improvements are made. Additionally, the eastbound off-ramp at the West
Billings Interchange is projected to operate at LOS F in the horizon year. Thispoor LOSisa
result of a high 15-minute peak traffic demand that was observed in the field during the
collection of traffic data, as well as a higher volume of vehicles exiting the freeway than
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continuing on the mainline Interstate as projected by the current MDT TransCAD model. The
combination of a high 15-minute peak traffic demand and higher volumes exiting the freeway
than continuing on the mainline over-saturates the eastbound off-ramp, leading to a projected
LOSF. With implementation of Option U-4b, this issue is compounded further due to additional
weaving at the eastbound off-ramp resulting from the construction of athird travel lane. The high
15-minute peak traffic demand observed in the field may not be representative of normal peak
demand at the off-ramp and may be considered within a margin of error for this planning study.
If the 15-minute peak is discounted, the eastbound off-ramp is projected to operate at LOS B
with or without implementation of Option U-4b. If improvement options are forwarded from
this study, additional analysis should be conducted at the eastbound off-ramp for the West
Billings Interchange to determine if an additional off-ramp lane is warranted.

Table 4.8 LOS Analysis for Option U-4b

3 2035 With Improvement
2035 Without Improvement Option U-4b

Location EB WB EB WB

Density Density Density Density

cmiin)® “OS [ peminny® LO5 (peminn)® LS peminny® LOS
On-Ramp 12.6 B 23.4 C 8.8 A| 183 B
@) ®3) ®)
West Billings Off-Ramp 13.4 B 17.4 B 18.4 B
On-Ramp at ®) ®) i i 14.9 B ) )
Mullowney
West Billings Over Mainline 7.9 A 10.9 A 5.3 A 7.2 A
West Billings Over | - yinjine 88 | A . . 58 | A : .
Part 2

Source: DOWL HKM, 2011.

@ pe/milin: passenger cars per mile per lane

@ The West Billings off-ramp generally operates at LOS B during the peak hour, as indicated by the reported density.
Due to a high 15-minute traffic volume observed within the peak hour, calculations indicate that the capacity of the
ramp gore is briefly exceeded and operates at LOS F. If Option U-4b is forwarded from this study, updated traffic
data should be collected and the need for an additional off-ramp lane should be considered.

® The eastbound on-ramp at Mullowney and the westbound off-ramp are analyzed together as a weaving segment.
Individual density and LOS values are not reported.

Dashes (-) indicate option does not address location.

In 2035, the West Billings WB off-ramp and WB on-ramp are projected to operate with densities
very near the threshold between LOS B and LOS C of 20.0 passenger cars per mile per lane with
implementation of Option U-4b (see Table 4.8). These on-ramps are projected to operate a a
desirable LOS B through the planning horizon of 2035, and additional ramp lanes are not
recommended as part of this study. If improvement options are forwarded from this study,
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additional analysis should be conducted in these locations to determine if additional ramp lanes
are warranted during project development.

Option U-5

Option U-5 is located within the South Billings Boulevard I nterchange between the on-ramps
and off-ramps on the eastern and western ends of the interchange. The eastbound on-ramp and
westbound off-ramp at the South Billings Boulevard Interchange are expected to reach LOS C by
2035 if no improvements are made. The eastbound on-ramp and the westbound off-ramp are
projected to operate at LOS B with implementation of Option U-5, asidentified in Table 4.9.

Table 4.9

LOS Analysis for Option U-5

2035 Without Improvement

2035 With Improvement

Option U-5
Analysis Location EB wB EB | WB
Density Density Density Density
emiin)® 95 @eminn® 93 (pemimm)® X9 (pe/minn)® 93
South Billings On-Ramp 21.5 C @ @ 15.7 B 13.2 B
Boulevard Off-Ramp @ @ 23.2 C 16.4 B 17.6 B
South Billings -
Boulevard Under | Mainline 12.7 B 16.2 B 8.5 A 10.7 A

Source: DOWL HKM, 2011.

@ pe/mifin: passenger cars per mile per lane

@ The eastbound off-ramp and the westbound on-ramp are analyzed together as a weaving segment. Individual
density and LOS values are not reported.

Option U-6

Option U-6 is located within the South 27th Street I nterchange between the on-ramp and off-
ramps on the eastern and western ends of the interchange. The eastbound on-ramp and the
eastbound off-ramp are expected to operate below the desirable LOS B by the study horizon year
of 2035 if no improvements are made. The eastbound on-ramp and the eastbound off-ramp are
projected to operate at LOS B with implementation of Option U-6, as noted in Table 4.10.
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Table 4.10 LOS Analysis for Option U-6

2035 With Improvement

2035 Without Improvement

Option U-6
Analysis Location EB WB EB WB
Density Density Density Density
cmin)® 95 peminn® OS5 (peminny® S5 | peminn)® LOS
On-Ram 23.7 C 19.1 B 16.6 B 13.3 B
South 27" Street P
OffRamp | 224 C 17.8 B 17.2 B 14.4 B
th
South 27 Street | \\injine 16.2 B 12.2 B 10.8 A 8.2 A
Under

Source: DOWL HKM, 2011.

@ pe/mifin: passenger cars per mile per lane
Option U-7
Option U-7 is located within the Lockwood I nterchange between the on-ramps and off-ramps on
the eastern and western ends of the interchange. All ramps at the Lockwood Interchange are
expected to operate a LOS C by 2035 if no improvements are made. The interchange on-ramp
and off-ramps are projected to operate at LOS B with implementation of Option U-7, as noted in
Table4.11.

Table 4.11 LOS Analysis for Option U-7

2035 With Improvement

2035 Without Improvement

Option U-7

Analysis Location EB | wB EB | wB

Density Density Density Density
cmin)® 98  peminn® OS5 (peminny® S5 | peminny® LOS
On-Ram 21.7 C 21.8 C 14.2 B 15.2 B

Lockwood P

Off-Ramp 23.4 C 20.7 C 19.8 B 17.2 B
Lockwood Under Mainline 17.2 B 14.0 B 11.5 B 9.3 A

Source: DOWL HKM, 2011.
@ pe/mifin: passenger cars per mile per lane

In 2035, the eastbound Lockwood off-ramp is projected to operate with a density very near the
threshold between LOS B and LOS C of 20.0 passenger cars per mile per lane with
implementation of Option U-7 (see Table 4.11). This off-ramp is projected to operate a a
desirable LOS B through the planning horizon of 2035, and an additional ramp lane is not
recommended in this study. If improvement options are forwarded from this study, additional
analysis should be conducted in this location to determine if an additional ramp lane is warranted
during project development.
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4.3 Interchanges (I Options)

Methodology

I ntersection capacity and LOS analyses were completed using Synchro 8.0 plus SimTraffic
software, which employs the methodology from the 2000 and 2010 Highway Capacity Manual
(HCM). Synchro 8.0 is a network-based interactive computer program that enables calculation of
LOS at signalized and unsignalized intersections and roadway networks, while SimTraffic
simulation software allows visual observation of overall network operation.

Analysis was based on HCM calculations, which evaluate capacity in terms of demand volume-
to-capacity (v/c) ratio and LOS based on controlled delay in seconds per vehicle (sec/veh).
Controlled delay is defined as the portion of the total delay attributed to the traffic control
operation including deceleration delay, queue move-up time, stopped delay, and the final
acceleration delay. For intersections, six LOS categories ranging from A to F are used to
qualitatively describe traffic operations, with LOS A representing free-flow conditions (i.e., no
delay) and LOS F representing severe congestion with stop-and-go conditions (i.e., substantial
delay).

Delay times for each of these categories differ depending on the type of intersection control.
LOS delay criteria for signalized intersections are higher than those reported for unsignalized
intersections. This difference, as explained in the HCM, accounts for the greater variability in
delay associated with each intersection control type as well as different driver expectations
associated with each intersection control type. Drivers expect greater delays to be associated with
signalized intersections as compared to unsignalized intersections because the perception is that
signalized intersections are designed to carry higher traffic volumes and create more delay than
would otherwise be expected a an unsignalized intersection. Table 4.12 presents delay times
for each category, as defined by the HCM. Factors affecting mainline LOS include average travel
speed, percent time delay, intersection delay, capacity utilization, and maximum density.
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Table 4.12 Intersection LOS Criteria

Average Control Delay (seconds per vehicle)
Two-Way

sopContaled | SHIEED
Intersections

A 0to 10.0 <10.0
B >10.0to 15.0 >10.0t0 20.0
C >15.0t0 25.0 >20.0t0 35.0
D >25.0t0 35.0 >35.0t0 55.0
E >35.0t0 50.0 >55.0t0 80.0
F >50.0 >80.0

Source: HCM 2010, Exhibit 18-4 Level of Service Criteria for Signalized Intersections

and 19-1 Level of Service Criteria for Two-Way Stop-Controlled (TWSC) Intersections.
Analysis Results
The MDT Road Design Manual notes that individual interchange elements should not operate at
more than one LOS below that of the mainline Interstate. Desirable operations for the mainline
Interstate and ramp intersections are defined as LOS B and LOS C, respectively.

The Laurel Interchange intersections are anticipated to operate at desirable LOS C or better
through the study horizon year. The Laurel ramp intersections were not assessed for this report.

All intersections at the Mossmain Interchange are expected to reach failing LOS by 2035. For
reference, Figure 4-1 illustrates the locations of Mossmain I ntersections.

Figure 4-1 Mossmain Ramp Intersections

Mossmain |IIIBI‘G|IEIII!]B
2
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With no improvements at the Mossmain I nterchange, Intersection M1 is projected to experience
a higher demand than can be served during the peak hour (noted as an “overflow” condition in
Tables 4.13 through 4.16) in 2035. Furthermore, delays reported for Intersection M2 could
experience queues beyond the ability of the ramp to store the vehicles.

Option 1-2b proposes to reconstruct the Mossmain Interchange to address operational issues.
Four (4) conceptual reconstruction scenarios were assessed to determine if they would operate at
adesirable LOS C through the planning horizon of 2035. Tables 4.13 through 4.16 present the
results of the LOS analysis for these improvements at the Mossmain Interchange. Analysis
worksheets are contained in Appendix 5.

Roundabouts

The Roundabouts scenario would involve constructing two roundabouts, with the northern
roundabout replacing Intersections M1 and M2, and the southern roundabout replacing
Intersections M3 and M4. This scenario would also reconstruct the South Frontage Road. The
consolidation of the current intersections and re-routing South Frontage Road traffic to the south
is expected to reduce delay and queuing that is projected to occur if no improvements are made
to the interchange. As noted in Table 4.13, the Mossmain | nterchange ramp intersections are
expected to operate at adesirable LOS A and B with implementation of the roundabouts
scenario. This scenario would provide sufficient separation between the two roundabouts, thus
allowing additional storage length. SimTraffic simulation did not indicate any traffic
accumulation resulting from this scenario. From afeasibility standpoint, this scenario may
require modification to the overpass span length, as it will require construction of an additional
northbound lane (see Interchange Detail Sheetsin Appendix 2).

Braided Ramps

The Braided Ramps scenario would also involve constructing two roundabouts, although a
braided ramp configuration would be utilized to accommodate traffic volumes using eastbound
and westbound on-ramps, the westbound off-ramp, South Frontage Road, and East Main Street /
South 72" Street West. As noted in Table 4.14, the Mossmain | nterchange ramp intersections
are expected to operate a LOS C. However, this scenario would require westbound traffic on
72™ Street and the off-ramp to merge upstream of the northern roundabout intersection. Thisis
not a major issue if traffic volumes are low, but astraffic volumes rise this becomes critical.
SimTraffic simulation indicated severe westbound traffic accumulation at the merge point and
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South Frontage Road approach. This scenario will more likely require an additional northbound
lane between the two roundabouts.

Single-Point Urban Interchange (SPUI)

The SPUI scenario would involve constructing two roundabouts and a signalized Single-Point
Urban Interchange (SPUI). Theterm “single-point” indicates that the configuration would allow
traffic volumes on the interchange crossroad as well as the interchange ramps to be controlled by
asingle signalized intersection in the center of the interchange. As noted in Table 4.15, the
northern roundabout intersection and the central signalized intersection are projected to operate
at an undesirable LOS D and E under this scenario. Furthermore, this scenario would operate
with less than 300 feet of separation between the SPUI and the roundabouts on each side.
SimTraffic simulation analysis shows that the two roundabouts are anticipated to experience
severe queuing accumulation with this limited separation distance.

Frontage Road

The Frontage Road scenario would reconstruct East Main Street and South 72™ Street West,
construct a new above grade structure crossing over the 1-90 mainline, and eliminate
Intersections M1 and M4. Using HCM 2000 procedures for Two-Way Stop-Controlled (TWSC)
intersections, LOS is determined for a particular movement rather than the intersection as a
whole. Table 4.16 shows that the westbound approach of the northern intersection and
eastbound off-ramp approach will be operating at LOS F and D, respectively. SimTraffic
simulation analysis indicated traffic accumulation at the westbound approach of the northern
intersection.
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Table 4.13 LOS Analysis for Option I-2b (Roundabouts)
Without Improvement \ With Improvement Option I-2b (Roundabouts)
: : : 2035 | 2035
Intersection Control Type Intersection Approach Turning Movement : :
Approach ‘ Overall Intersection Approach Overall Intersection
D Ae @ | ~Ac | CONtrol Type " 4 4y
Delay (s/veh) LOS |Delay (s/veh)*” LOS Delay (s/veh)” LOS Delay (s/veh) LOS
E. Main Street / S. 72" Stop EB Approach (E. Main Street) EB Through / Right 528.7 F Roundabout 13.4 B
M1 | Street West / Interchange Stop WB Approach (S. 72" Street West) WB Left / Through Overflow F Overflow F Roundabout 15.3 C
Crossroad Uncontrolled |NB Approach (Interchange Crossroad) | NB Left / Right 9.2 A Roundabout 7.9 A 121 5
. ; Stop WB Approach (WB 1-90 Off-Ramp) WB Left / Through / Right 241.1 F Roundabout 16.4 C '
- amps
M2 Interchange Crossroad Uncontrolled | NB Approach (Interchange Crossroad) NB Left / Through 5.3 A 241.1 F - - -
Uncontrolled | SB Approach (Interchange Crossroad) SB Through / Right - - - - -
ey ; Stop EB Approach (EB 1-90 Off-Ramp) EB Left/ Through / Right 42.0 E Roundabout 8.8 A
- amps i - -
M3 Interchange Crossroad Uncontrolled |NB Approach (Interchange Crossroad) NB Through / Right 42.0 E Roundabout 10.6 B 9.0 A
Uncontrolled | SB Approach (Interchange Crossroad) SB Left / Through 5.3 A Roundabout 5.9 A
Stop EB Approach (Magelssen Road) EB Left / Through / Right - - - - -
Magelssen Road / S. Uncontrolled | WB Approach (S. Frontage Road) WB Left / Through / Right 6.3 A - - -
M4 Frontage Road / - - 25.5 D - -
Interchange Crossroad Stop NB Approach (Driveway) NB Left / Through / Right 25.5 D - - -
Uncontrolled | SB Approach (Interchange Crossroad) SB Left / Through / Right - - - - -

Source: DOWL HKM, 2011.

1)

Table 4.14

s/veh: seconds per vehicle
Dashes (-) indicate no conflicting movements (i.e., no delay). Overflow indicates volume exceeds capacity.

Intersection

Control Type

LOS Analysis for Option I-2b (Braided Ramps)

Intersection Approach

Turning Movement

Without Improvement
2035

‘ Overall Intersection
Delay (s/veh)” LOS |Delay (siveh)” LOS

Approach

With Improvement Option I-2b (Braided Ramps)
2035

Control Type

Approach

Delay (s/veh)® LOS Delay (s/veh)®

Overall Intersection

LOS

E. Main Street / S. 72" Stop EB Approach (E. Main Street) EB Through / Right 528.7 F Roundabout 9.4 A
M1 | Street West / Interchange Stop WB Approach (S. 72" Street West) WB Left / Through Overflow F Overflow F Roundabout 231.0 F 97.5 F
Crossroad Uncontrolled | NB Approach (Interchange Crossroad) | NB Left / Right 9.2 A Roundabout 24.0 C
. ; Stop WB Approach (WB 1-90 Off-Ramp) WB Left / Through / Right 241.1 F - - -
- amps - - i ) )
M2 Interchange Crossroad Uncontrolled | NB Approach (Interchange Crossroad) NB Left/Through 5.3 A 241.1 F
Uncontrolled | SB Approach (Interchange Crossroad) SB Through / Right - - - - -
ey ; Stop EB Approach (EB 1-90 Off-Ramp) EB Left/ Through / Right 42.0 E Roundabout 10.0 B
- amps - - N - - :
M3 Interchange Crossroad Uncontrolled | NB Approach (Interchange Crossroad) NB Through / Right 42.0 E
Uncontrolled | SB Approach (Interchange Crossroad) SB Left / Through 5.3 A - - -
Stop EB Approach (Magelssen Road) EB Left/ Through / Right - - - - - 17.0 C
Magelssen Road / S. i
M4 Frontane Road / Uncontrolled | WB Approach (S. Frontage Road) WB Left / Through / Right 6.3 A 255 D Roundabout 24.3 C
Interchangge Crossroad Stop NB Approach (Driveway) NB Left / Through / Right 25.5 D ' Roundabout 6.7 A
Uncontrolled | SB Approach (Interchange Crossroad) SB Left / Through / Right - - Roundabout 6.1 A
Source: DOWL HKM, 2011.
@ s/veh: seconds per vehicle
Dashes (-) indicate no conflicting movements (i.e., no delay). Overflow indicates volume exceeds capacity.
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Table 4.15 LOS Analysis for Option I-2b (Single Point Urban Interchange [SPUI])

With Improvement Option I-2b (SPUI)
2035
Approach

Without Improvement

2035
Overall Intersection ‘

Intersection Control Type |Intersection Approach Turning Movement

Approach ‘ Overall Intersection

S — ] Control Type
Delay (siveh)® | LOS Delay (siveh)® | LOS s

Delay (s/veh)® | LOS | Delay (siveh)” LOS |
8.3

E. Main Street / S. 72" Stop EB Approach (E. Main Street) EB Through / Right 528.7 F Roundabout A
M1 | Street West / Interchange Stop WB Approach (S. 72™ Street West) WB Left / Through Overflow F Overflow F Roundabout 13.8 B 27.0 D
Crossroad Uncontrolled | NB Approach (Interchange Crossroad) | NB Left / Right 9.2 A Roundabout 37.1 E
. ; Stop WB Approach (WB 1-90 Off-Ramp) WB Left / Through / Right 241.1 F Signalized 61.5 E
- amps - -
M2 Interchange Crossroad Uncontrolled | NB Approach (Interchange Crossroad) NB Left / Through 5.3 A 241.1 F Signalized 32.6 C - -
Uncontrolled | SB Approach (Interchange Crossroad) SB Through / Right - - Uncontrolled - -
ey ; Stop EB Approach (EB 1-90 Off-Ramp) EB Left/ Through / Right 42.0 E Signalized 50.0 D
- amps -
M3 Interchange Crossroad Uncontrolled | NB Approach (Interchange Crossroad) NB Through / Right - - 42.0 E Uncontrolled - - - -
Uncontrolled | SB Approach (Interchange Crossroad) SB Left / Through 5.3 A Signalized 17.3 A
Stop EB Approach (Magelssen Road) EB Left/ Through / Right - - Roundabout 5.2 A
Magelssen Road / S. Uncontrolled | WB Approach (S. Frontage Road) WB Left / Through / Right 6.3 A Roundabout 21.2 C
M4 Frontage Road / - - 25.5 D 15.8 C
Interchange Crossroad Stop NB Approach (Driveway) NB Left / Through / Right 25.5 D Roundabout 5.4 A
Uncontrolled | SB Approach (Interchange Crossroad) SB Left / Through / Right - - Roundabout 7.4 A

Source: DOWL HKM, 2011.
@ sjveh: seconds per vehicle

Dashes (-) indicate no conflicting movements (i.e., no delay). Overflow indicates volume exceeds capacity

Table 4.16

LOS Analysis for Option I-2b (Frontage Road Reconstruction)

Without Improvement

\With Improvement Option I-2b (Frontage Road Reconstruction)

2035 2035
Intersection Control Type Intersection Approach Turning Movement ‘ - ‘
‘ Approach ‘ Overall Intersection Approach Worst Approach
) ) Control Type ) )
| Delay (s/iveh)® LOS Delay (siveh)® LOS Delay (s/veh)” LOS Delay (siveh)” LOS
E. Main Street / S. 72" Stop EB Approach (E. Main Street) EB Through / Right 528.7 F - -
M1 | Street West / Interchange Stop WB Approach (S. 72" Street West) WB Left / Through Overflow F Overflow F - - - - -
Crossroad Uncontrolled |NB Approach (Interchange Crossroad) | NB Left / Right 9.2 A - - -
. ; Stop WB Approach (WB 1-90 Off-Ramp) WB Left / Through / Right 241.1 F Stop 314.2 F
- amps
M2 Interchange Crossroad Uncontrolled |NB Approach (Interchange Crossroad) NB Left/Through 5.3 A 241.1 F Uncontrolled 5.3 A 314.2 F
Uncontrolled | SB Approach (Interchange Crossroad) SB Through / Right - - Uncontrolled - -
ey ; Stop EB Approach (EB 1-90 Off-Ramp) EB Left / Through / Right 42.0 E Stop 32.9 D
- amps -
M3 Interchange Crossroad Uncontrolled |NB Approach (Interchange Crossroad) NB Through / Right - - 42.0 E Uncontrolled - - 32.9 D
Uncontrolled | SB Approach (Interchange Crossroad) SB Left / Through 5.3 A Uncontrolled 4.3 A
Stop EB Approach (Magelssen Road) EB Left / Through / Right - - - - -
Magelssen Road / S. Uncontrolled | WB Approach (S. Frontage Road WB Left / Through / Right 6.3 A - - -
M4 Frontage Road / PP ( - g ) 1o _|g : 25.5 D - -
Interchange Crossroad Stop NB Approach (Driveway) NB Left / Through / Right 25.5 D - - -
Uncontrolled | SB Approach (Interchange Crossroad) SB Left / Through / Right - - - - -
Source: DOWL HKM, 2011.
@ sjveh: seconds per vehicle
Dashes (-) indicate no conflicting movements (i.e., no delay). Overflow indicates volume exceeds capacity.
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4.4 Summary of Improvement Option Analysis

All mainline improvement options between adjacent interchanges (M Options) are anticipated to
address the capacity needs in the corridor and provide desirable LOS through the planning
horizon. Accordingly, all M Options are forwarded for further consideration.

Options U-4b, U-5, U-6, and U-7 are also forwarded for further consideration pending project
level analysisto determine if continuous travel lanes are warranted. Project level analysis should
also be conducted to determine if additional ramp lanes are warranted at such time that a project
design phase is initiated.

The roundabout variation of Option I-2b at the Mossmain Interchange is anticipated to address
the operational needs of the interchange. All other variations of this option (including the
braided ramps, SPUI, and frontage road reconstruction variations) are not anticipated to achieve
desirable LOS C within the 2035 planning horizon and were eliminated from further
consideration.

A detailed traffic analysis and geometric design would be developed during project development.
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5.0 ANTICIPATED IMPACTS AND POTENTIAL
MITIGATION MEASURES

I mprovement options were developed to minimize impacts to important resources and adjacent
land areas to the extent practicable. Mainline widening options are recommended to occur
toward the median in order to minimize right-of-way acquisition, reduce impacts to natural
resources, and avoid bridge reconstruction where possible. Interchange improvements were
identified and considered in an effort to identify workable solutions with the smallest footprint.

Despite these efforts, improvement options are anticipated to result in some unavoidable impacts.
I mpacts to some resources may be considered negligible and are expected to be addressed as part
of standard project development procedures. Please refer to the Environmental Scan Report for a
more detailed description of MDT practices and procedures relative to the project development
and environmental review process.

Coordination with regulatory agencies will likely be necessary for some improvements. Table
5.1 lists anticipated impacts that may require permitting and/or coordination with regulatory
agencies. Construction phase permitting is not identified.

If improvement options are forwarded from this study, additional analysis will be needed to
identify and quantify anticipated impacts, identify appropriate mitigation strategies, and define
the appropriate level of environmental documentation commensurate with the scope and scale of
the improvement.
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I-1a

Potentially

Impacted
Resource

Farmlands

Improvement Options Report

Potential Permitting and Regulatory Agency Coordination

Coordination with the Natural Resources Conservation Service (NRCS) may
be required to address any impacts to soils classified as prime or important
farmland.

Italian Ditch

Coordination with the U.S. Army Corps of Engineers (USACE) may be
required to determine jurisdictional status of the irrigation ditch and any
associated wetlands. A Section 404 permit may be required.

Coordination with the State Historic Preservation Office (SHPO) may be
required to address any impacts to this historic ditch.

Farmlands

Coordination with NRCS may be required to address any impacts to soils
classified as prime or important farmland.

Canyon Creek

Coordination with USACE may be required to determine jurisdictional status of

|-2p | Ditch and irrigation ditches and any associated wetlands. A Section 404 permit may be
BBWA Canal required.
and laterals - _ ] ] -
- Coordination with SHPO may be required to address any impacts to historic
Mossmain .
ditches and/or overpass structures.
Overpass
Coordination with the Montana Department of Environmental Quality (DEQ)
may be required to address impacts to water quality. A 318 authorization may
be required.
M-3 |Hogan'’s Slough | Coordination with USACE may be required to address impacts to Waters of

the U.S. and any associated wetlands. A Section 404 permit may be required.

Coordination with Montana Fish, Wildlife & Parks (FWP) and the U.S. Fish
and Wildlife Service (UWFWS) may be required to address any impacts to fish
and wildlife species. A SPA 124 authorization may be required.

M-5

Suburban
Ditch, Eagle
Ditch, Grey
Eagle Ditch

Coordination with the Montana Department of Environmental Quality (DEQ)
may be required to address impacts to water quality. A 318 authorization may
be required.

Coordination with USACE may be required to determine jurisdictional status of
irrigation ditches and any associated wetlands. A Section 404 permit may be
required.

Coordination with Montana Fish, Wildlife & Parks (FWP) and the U.S. Fish
and Wildlife Service (UWFWS) may be required to address any impacts to fish
and wildlife species. A SPA 124 authorization may be required.

Coordination with SHPO may be required to address any impacts to historic
ditches.
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B-6

Yellowstone
River

Coordination with DEQ would likely be required to address impacts to water
quality. A 318 authorization would likely be required.

Coordination with USACE would be needed to address impacts to Waters of
the U.S. and any associated wetlands. Section 10 and Section 404 permits
would likely be required.

Coordination with Yellowstone County would be needed to address any
impacts to floodplains. A floodplain development permit would likely be
required.

Coordination with the Montana Department of Natural Resources and
Conservation (DNRC) would be needed to address any anticipated work
within the high water mark of a navigable river. A Land Use License (LUL) or
easement on navigable waters may be required.

Coordination with FWP and UWFWS would be needed to address any
impacts to fish and wildlife species. A SPA 124 authorization would likely be
required.

Lockwood Ditch

Coordination with DEQ would likely be required to address impacts to water
quality. A 318 authorization would likely be required.

Coordination with USACE may be required to determine jurisdictional status of
irrigation ditch and any associated wetlands. A Section 404 permit may be
required.

Coordination with Montana Fish, Wildlife & Parks (FWP) and the U.S. Fish
and Wildlife Service (UWFWS) may be required to address any impacts to fish
and wildlife species. A SPA 124 authorization may be required.
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6.0 OTHER PLANNING EFFORTS AND PROJECTS

This study and the 2006 SEH report recommend improvement options assuming the
configurations of Interstate mainline and interchange facilities remain unchanged throughout the
respective study horizon years. Corridor recommendations from the 2008 L ockwood
Transportation Study and the Billings Bypass EIS are listed below. If constructed, these
improvement options would alter conditions at the Johnson and Lockwood I nterchanges under
which improvement options were recommended for the subject study and the 2006 SEH report.

Billings Bypass EIS

MDT, in cooperation with FHWA,, is preparing an EIS for a project to improve access and
connectivity between [-90 and Old Hwy 312 in the northeast portion of the Billings urban area.
The area assessed in the EIS is mainly outside the corridor study area. The area of overlap is
described below.

Johnson Lane Interchange
e Alternativesinclude a No Build Alternative and several Build Alternatives requiring
reconstruction of the interchange and a new crossing of the Y ellowstone River. Build
Alternatives generally begin at the Johnson Lane Interchange and head northwesterly
towards Old Highway 312. The final EIS and Record of Decision (ROD) for this project
are expected to be completed and approved by 2013.

Lockwood Transportation Study

The 2008 Lockwood Transportation Study identified transportation improvement options in the
Lockwood area northwest of Billings. Recommended corridor improvements are described
below.

Lockwood Interchange
e A recommended improvement option would construct an additional right-turn lane at the
EB off-ramp. This improvement would modify traffic flow at the interchange
intersection.

e A recommended improvement option would construct a Single Point Urban Interchange
(SPUI). Thisimprovement would modify the design of the interchange ramps and traffic
flow at the interchange intersections.
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Johnson Lane Interchange

e A recommended improvement option would construct dual right-turn lanes at the EB off-
ramp interchange intersection. This improvement would modify traffic flow at the
interchange intersection.

e A recommended improvement option would:

o0 remove the EB off-ramp connection from Johnson Lane and connect it with Old
Hardin Road just west of the Flying J Truck Stop located at Old Hardin Road and
Johnson Lane;

o alter the deceleration distance of the off-ramp; and
0 remove the connection with Johnson Lane.

These changes would redirect traffic at the interchange intersection.

This corridor study was conducted assuming no changes would occur within the 1-90 study
corridor through the planning horizon of 2035. Reconstruction of the Lockwood and Johnson
Lane Interchanges and resulting effects on traffic volumes were not considered. Construction of
the Billings Bypass project or other improvements in the corridor could alter trip distribution
patterns in the region, affecting traffic volumes and LOS within the Interstate corridor.
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7.0 SUMMARY OF FORWARDED IMPROVEMENT
OPTIONS

Table 7.1 summarizes improvement options recommended within the corridor. Improvement
options are listed from west to east. Table elements not previously defined are described below.

The deficiency year for capacity improvements is defined as year when operations are
anticipated to reach LOS C for Intergtate facilities and LOS D for ramp intersections. The
deficiency year for traffic operation improvements located under and through interchanges is
based on the identified deficiency year for adjacent mainline Interstate segments. The deficiency
year for geometric and safety improvements is 2012, reflecting the condition occurs currently.
The deficiency year does not indicate the anticipated timeframe for implementation of any
recommended improvements, which is dependent on available funding and other system
priorities.

The planning priority categories are defined as follows:

e Near Term: Implementation is recommended in the near term (5-10 years) to address a
documented need.

e Long Term: Implementation is recommended in the long term (10-20 years) to address a
documented need.

e AsNeeded: Option can be implemented to meet current MDT design standards as
funding allows. Option is not associated with a documented crash trend or capacity
need.

I mpacts to environmental resources and right-of-way acquisition are identified as follows.

e “No” indicates an option is anticipated to result in negligible impactsto environmental
resources and is anticipated to remain within the existing MDT right-of-way.

e “Yes’ indicates an option is anticipated to require coordination and permitting with
regulatory agencies and is anticipated to require new right-of-way.
Planning level cost estimates are listed in 2012 dollars for each improvement option. Cost
estimates reflect construction costs; costs associated with right-of-way acquisition are not
included. Cogt estimates are rounded for planning purposes. Cost estimates assume the use of
asphalt paving materials as opposed to concrete. Detailed cost estimates, including construction
material assumptions, are provided in Appendix 6.

Reconstructing the entire Interstate facility within the study corridor as a single project may be
difficult to fund and may pose constructability challenges. This corridor study identifies multiple
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improvement options to address discrete mainline segments, bridges, and interchanges within the
study corridor. If multiple improvement options are implemented together, there may be cost
savings associated with engineering design, mobilization, construction administration, and
material costs. However, implementation decisions will be based on available funding.

Project level analysis would be required to determine if auxiliary lanes or additional through
travel lanes are warranted based on observed traffic usage patterns in the 1-90 corridor. Mainline
(M) options would involve construction of auxiliary lanes between adjacent interchanges,
providing additional capacity in these discrete segments. The combination of all M options and
Under (U) options would result in three continuous travel lanes, providing additional capacity
throughout the entire corridor. Appropriate combinations of these options may be selected in the
future following project level analysis for specific improvement projects.
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Table 7.1 Improvement Options Forwarded for Further Consideration

Impacts to
Environmental
Resources®

Right-of-Wa
Acquisition

Low Cost

High Cost
Estimate!”

Planning
) Estimate”

Priority )

Location Oﬁ;{%” Option Type® Improvement Option Description De\f(lé:;tra(g)cy

Interchange 1:
Laurel

I-1a

Geometric

Extend EB and WB on-ramps and off-ramps; flatten horizontal curves at WB off-ramp and EB on-
ramp; modify vertical curves

Other elements include:
e Reconstruct EB I-90 bridge crossing of US 212 / US 310

2012

As Needed

Yes

Yes

$6,700,000

$7,300,000

I-1b

Safety

Upgrade lighting at Laurel Interchange to CIL standards

2012

As Needed

No

No

$380,000

$410,000

Interchange 2:
Mossmain

I-2a

Geometric

Extend EB and WB on-ramps and off-ramps

2012

Near Term

No

No

$730,000

$780,000

I-2b

Capacity

Reconstruct Mossmain Interchange with two roundabouts

2012

Near Term

Yes

Yes

$10,800,000

$11,600,000

I-2¢

Safety

Upgrade lighting at Mossmain Interchange to CIL standards

2012

As Needed

No

No

$390,000

$420,000

Mainline Segment 2

B-2

Geometric

Reconstruct EB and WB 1-90 bridges crossing S. 56" Street:; modify vertical curve

2012

Long Term

No

No

$2,300,000

$2,500,000

Construct EB and WB auxiliary lanes on the mainline segment between the Shiloh and West Billings
Interchanges

Other elements include: 2027
e Construct additional WB off-ramp lane at Shiloh Interchange ramp gore
e Construct additional EB off-ramp lane at West Billings Interchange ramp gore
e Reconstruct EB and WB 1-90 bridge crossing of Hogan’s Slough

Lengthen EB on-ramp at Laurel Road

Mainline Segment 3 M-3 Capacity Long Term Yes No $9,600,000 $10,300,000

Other elements include:
U-4a Safety e Modify vertical curve 2012
e Reconstruct EB I-90 bridge crossing of Laurel Road
e Reconstruct EB I-90 bridge crossing of Mullowney Lane
Construct additional EB and WB mainline lanes through the West Billings Interchange

Near Term No No $6,700,000 $7,300,000

Interchange 4:
West Billings
Other elements include:
Traffic Operations e Modify vertical curve 2028
& Lane Balance e Reconstruct EB and WB 1-90 bridge crossing of Laurel Road ramps
e Reconstruct EB and WB 1-90 bridge crossing of Mullowney Lane
o Restripe WB off-ramp at West Billings Interchange
Traffic Operations | Construct additional EB and WB mainline lanes under and through the South Billings Boulevard
& Lane Balance |Interchange
Construct EB and WB auxiliary lanes on the mainline segment between the South Billings Boulevard
and South 27" Street Interchanges

U-4b Long Term No No $12,200,000 | $13,100,000

Interchange 5:

South Billings Boulevard 2028 Long Term No No

$1,500,000 $1,700,000

Other elements include: 2028
e Construct additional WB off-ramp lane at South Billings Boulevard Interchange ramp gore
e Construct additional EB off-ramp lane at South 27" Street Interchange ramp gore
e Reconstruct EB and WB 1-90 bridge crossing of Sugar Avenue

Construct additional EB and WB mainline lanes under and through the South 27" Street Interchange

Mainline Segment 5 M-5 Capacity Long Term Yes No $9,200,000 $9,900,000

Interchange 6:

Traffic Operations
South 27" Street

& Lane Balance $1,800,000

Long Term No No $1,900,000

Other elements include: 2028
e Restripe EB off-ramp at South Billings Boulevard Interchange
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Deficiency

Impacts to
Environmental
Resources®

Low Cost

High Cost
Estimate!”

Right-of-Wa
Estimate!”

Planning
) Acquisition

; @)
Option Type Priority

Location Improvement Option Description )

vear®

Construct EB and WB auxiliary lanes on the mainline segment between the South 27" Street and
Lockwood Interchanges
Mainline Segment 6 M-6 Capacity | Other elements include: " 2023 | Long Term Yes No $8,400,000 | $9,100,000
e Construct additional WB off-ramp lane at South 27" Street Interchange ramp gore
e Construct additional EB off-ramp lane at Lockwood Interchange ramp gore
e Reconstruct EB and WB 1-90 bridge crossing of rail facility
Mainline Segment 6 B-6 (gee:)rﬁg[ctr)i/c Reconstruct EB and WB 1-90 bridges crossing the Yellowstone River 2012 Near Term Yes Yes $32,600,000 | $35,200,000
ITETENEmEE 7 u-7 Traffic Operations Construct additional EB and WB mainline lane under and through the Lockwood Interchange 2027 Long Term Yes No $1,800,000 $1,900,000
Lockwood & Lane Balance
Construct EB and WB auxiliary lanes on the mainline segment between the Lockwood and Johnson
Lane interchanges
Mainline Segment 7 M-7 Capacity Other elements include: 2027 Long-Term No No $5,600,000 $6,000,000
e Construct additional WB off-ramp lane at Lockwood Interchange ramp gore
e Construct additional EB off-ramp lane at Johnson Lane Interchange ramp gore

Options are listed from west to east throughout the corridor.

& Option ID: M = Improvement to a mainline segment between gore areas of two interchanges; U = Mainline Interstate improvement occurring underneath or through an interchange (i.e., between the gore areas of an interchange); B = Bridge Improvement Option; | =
Interchange Improvement Option. Improvement option numbering reflects the segment or interchange number within the study corridor.
@ Option Type corresponds to the need identified in a specific location, including capacity, geometric, traffic operations, and safety needs.
® Deficiency Year indicates the year that the condition occurs or is expected to occur; it does not indicate the year that the improvement option would be implemented.
“ Planning Priority does not imply projects will be programmed or implemented. Project programming is based on funding availability and other system priorities. Planning Priority categories are defined as follows.
e Near Term: Implementation is recommended in the near term (5-10 years) to address a documented need.
¢ Long Term: Implementation is recommended in the long term (10-20 years) to address a documented need.
¢ As Needed: Options can be implemented as funding allows to meet current MDT design standards. Options are not associated with a documented crash trend or capacity need.
®) “No” indicates an option that is anticipated to result in negligible impacts to environmental resources. “Yes” indicates an option involving impacts to environmental resources that may require permitting or coordination with regulatory agencies. Construction phase
permitting is not identified.
©) “No” indicates an option that is anticipated to remain within the existing MDT right-of-way. “Yes” indicates an option may require new right-of-way.
) Planning level cost estimates are listed in 2012 dollars and are rounded for planning purposes. Cost estimates reflect construction costs only based on planning level estimates, and should not be considered an actual cost or encompassing all scenarios and
circumstances. Low and high cost estimate ranges were 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. Costs associated with right-of-way
acquisition, design or utility relocations are not included. Detailed cost estimates are provided in Appendix 6.
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Mainline Plan Sheets
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Table 19
Recommended Q&M Improvements
Shiloh Interchange - Exit 443

Sarviog go Tl prie

Recommended Improvement Location Category
Add stop sign in median to increase visibility Zoo Dr/ S Frontage Rd Safety
Add Speed Limit Sign Zoo Dr
r Add Advance I-90 Guide Signs B Zoo Dr
B Remove Stop Bar; Re-stripe as yield condition s NB Shiloh Rd to EB Zoo Dr Traffic
Add Road Closed signing behind Type 3 barrier ~ Zoo Dr south of S Frontage Rd Control
Add Road Closed signing behind Type 3 barrier o 'Future entrance legs
Replace Shiloh Road advance street name sign * ~ NB&SBS Frontage Rd at Zoo Dr
* Replace at end of existing sign maintenance cycle
Billings 1-90 Interchange Study Final Report
Montana Department of Transportation AMTDOT0306.00
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Ear T
Table 20
Recommended O&M Improvements
South Billings Boulevard Interchange - Exit 447
Deficiency Location Category

Lack of 1-90 advance directional sign

SB S Billings Blvd north of I-90 EB ramps !

Add posted speed limit in SB direction

SB S Billings Blvd

Add lane control sign for wide thru-right lane on mast arm

SB S Billings Blvd at King Ave

Traffic Control

Add lane control signs for thru and right turns on mast arm

EB King Ave at S Billings Blvd

Add end of guardrail object marker

NB & SB S Billings Blvd overpass

Improve pedestrian push button accessibility

SW comer of S Billings Blvd / King Ave |

. . . il 3 - P d t i
Reconfigure guard rail to improve access to sidewalk NB S Billings Blvd on I-90 bridge yin
Billings I-90 Interchange Study Final Report
Montana Department of Transportation AMTDOT306.00
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Table 21 l
Recommended O&M Improvements
27th Street Interchange - Exit 450 I
Deficiency 5, Location Category
Modify guard rail to improve intersection sight distance 1-90 EB off-ramp at 27th St Geometry l
Add Advance 1-90 Guide Signs between ramps 27th Street / [-90 WB ramps
'Add Advance 1-90 Guide Signs between ramps '~ 27th Street /1-90 EB ramps
Add speed limit sign for NB (or WB) direction 27th Street Traffic l
Add lane control signs on mast arm # EB State Ave at 27th St~ Control
Add end of gué;drail object marker SB 27th St north of I-90 WB
Add signs and markings for lane drop SB 27th St south of 1-90 EB ramps I
Billings 1-90 Interchange Study Final Report l
Montana Department of Transportation AMTDOT0306.00 l
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e 130 pris
Table 22
Recommended O&M Improvements
US 87 Lockwood Interchange - Exit 452
- Time
Deficiency Location Frame Category
Add lane control signs on mast arm NB and SB US 87 at N Frontage Rd Existing
~Add lane control signs on mast arm NB and SB US 87 at 1-90 WB ramps Existing
~Add lane control signs on mast arm R NB and SB US 87 at I-90 EB ramps Existing Traffic
Replace existing inappropriate advance turn arrow sign* facing [-90 WB off-ramp on US 87 Egis[ing Contral
Add intersection lane control signs and markings NB gas station approach at US 87 / N Frontage Rd Existing
* Replace at end of existing sign maintenance cycle
Billings 1-90 Interchange Study Final Report
Montana Department of Transportation AMTDOT0306.00
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L SEH ;

Table 23
Recommended O&M Improvements
Johnson Lane Interchange - Exit 455

Time el
Deficiency Location Frame Category
Add left turn lane control signs Johnson Ln at N Frontage Rd Existing
Add left turn lane control signs - Johnson Ln at I-90 WB ramps |  Existing N Traffic
Add left turn lane control signs Johnson Ln at I-90 EB ramps Exisling 1 conwat
Add speed limit sign SB Johnson Ln before I-90 EB ramps Existing
Add end of guardrail object marker NB & SB Johnson Ln between ramps Existing

Billings 1-90 Interchange Study Final Report
Montana Department of Transportation AMTDOT0306.00
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RAMPS AND RAMP JUNCTIONS WORKSHEET Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner Freeway/Dir of Travel Eastbound
jAgency or Company DOWL HKM Junction 20) Shileh On Ramp
Dale Performed 10/20/2011 Jurisdiction Yellowstone County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area 1-90 Corridor Planning Study
Inputs
Uipsiream Adj Ramp Number of Lanes, N 3 Downstream Adj
r r Acceleration Lane Length, L, 1160 Ramp
Yi O
s " Deceleration Lane Length L, "Yes I On
i No i off Freeway Volume, Vi 1460 M No I off
L, f Ramp Volume, Vg 1158 Lo = ft
f-reeway Free-Flow Speed, Sp, 700
V, = vehfh Ramp Free-Flow Speed, S 70.0 Vo = veh/h
Conversion to pc/h Under Base Condijtions
(pcth) (Ve}ll!hr] PHF Terrain %Truck %RY foy £, [=VIPHF Xl xf,
Freeway 1460 0.82 Level 17 0 0.922 1.00 1932
Ramp 1158 0.72 Level 6 0 0.971 1.00 1657
UpSirgam
DownSlream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
V.,=V. (P, —
- Vel .FM) Viz = Vr + (Ve - VRIPep
Lea ™ (Equation 13-6 or 13-7) Leo= (Equation 13-12 or 13-13)
Peu = 0610 using Equalion (Exhibit 13-8) P = using Equation (Exhibit 13-7)
M,y = 78 poh V,, = pch
V300V, s 15;4) pe/h (Equation 13-14 or 13- Vy0rV_,, pe/h (Equation 13-14 or 13-17)
Is V, 0F Vi, 50 > 2700 peh? [~ Yes 7 No Is V3 0r ¥y > 2700 ph? £ Yes I No
15 Vy0r Vo > 157V T” Yes [ No Is V30r Vg > 157V,,12 '—JE(SEI_ No
- pc/h (Equation 13-16, 13-18, or i Yes,V,,. = pc/h (Equalion 13-16, 13-18, o
i Yes.v,,, = Ser 122 13-19)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Ve Exhibit 13-8
Veo 3589 |Exhibit13-8 No  |Vro=Ve-Va Exhibit 13-8
v Exhibit 13-
R 10
|Flow Entering Merge Influence Area |Flow Entering Diverge Influence Area
Aclual Max Desirable Violation? Actual Max Desirable Violation?
Veuz 2835 |Extibit 138] 4600 No Viz Exfibit 138 |
L evel of Service Determination (if not F) ILevel of Service Determination (if not F)
D = 5475 +0.00734 v , +0.0078 V,, - 0:00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
0.= 196 (pcfmifin) D= (pc/mifin)
KOS = B (Exhibit 13-2} .05 = (Exhibit 13-2)
Speed Determination Speed Determination
M= 0.225 (Exibit 13-11) 0, = {Exhibit 13-12)
Q= 63.7 mph {Exhibit 13-11) Sp=  mph (Exhibit 13-12)
0= 69.1 mph (Exhibit 13-11) So= mph (Exhibit 13-12)
= 64.8 mph {Exhibit 13-13) S = mph (Exhibit 13-13)
Copyrighl € 2010 University of Florida, All Righls Reserved HCS52010™ Version 6.2 Generaled: 12192011 343 PM
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner Freeway/Dir of Travel Weslbound
Agency or Company DOWL HKM Junction 2B) Shiloh Off Ramp
Date Performed 101372011 Jurisdiction Yellowstong County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Descriplion  Billings Area [-30 Corridor Planning Study
Inputs
Upsiream Adj Ramp Number of Lanes, N 3 Downslream Adj
Acceleration Lane Length, L, Ramp
FYes [ On )
Deceleration Lane Lenglh Ly, 242 I"Yes [ .On
¥ No I off Freeway Volume, Ve 1413 I No I off
Lo f Ramp Volume, V, 954 Loun = it
Freeway Free-Fiow Speed, S, 70.0
Vy=  vehm Ramp Free-Flow Speed, Spp 67.8 Vo= vehh
Conversion to pc/h Under Base Conditions
v . -
{pch) (Vehh) PHF Terrain %Truck %Ry v f, V= VIPHF xfy, x1,
Freeway 1413 0.83 Level 14 0 0.935 1.00 1822
Ramp 954 0.82 Level 6 0 0.971 1.00 1198
UpStream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Viz= Ve (Pey) Viz = Vg + (Ve - VrIPep
Leq = (Equation 13-6 or 13-7) Leg = {Equation 13-12 or 13-13)
Pey = using Equation (Exhibil 13-6) Pro = 0.450 using Equation (Exhibif 13-7)
vy, = pc/h V= 1479 pc/h
VyorV_q, pc/h {(Equation 13-14 or 13-17}) VaorV, o 343 pe/h {Equalion 13-14 or 13-17)
IsVyorV, ., > 2700 pch? [~ Yes I No IsVyorV, > 2700 peh? ™ Yes ¥ No
IsVyorV, 50> 15V,,2 T Yes I No 5 V30rV, 50> 15° V2 [~ Yes 7 No
- pchh (Equation 13-16, 13-18, or - pch (Equation 13-16, 13-18, or 13-
If Yes,V,,, 1319) If Yes,V,y, 19) ,
Capacity Checks Capacity Checks
Aclual Capacily LOS F? Actual Capacity LOS F?
Ve 1822 | Exhibit138 | 7200 No
Veo Exhibit 13-8 Vio=Ve-Vo| 624 Exhibit 138 | 7200 No
Vi 1198 Exhibit 13-10] 4400 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Violation? Actual Max Desirable Violalion?
VRi2 Exhibit 13-8] Vi 1479 Exhibit 138 | 4400:A1 No
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5.475 + 0.00734 v 5 + 0.0078 V, - 0.00627 L, Dg =4.252 + 0.0086 V,, - 0.009 L,
D,=  (pcfmifln) Cr = 12.6 (pc/mifln)
LOS =  (Exhibit 13-2) LOS= B (Exhibit 13-2)
Speed Determination Speed Determination
EMS = (Exibit 13-11) D, = 0.109 (Exhibit 13-12)
Se=  mph (Exhibit 13-11) Sp=  66.9 mph (Exhibit 13-12)
S,=  mph (Exhibit 13-11) S;=  76.8 mph (Exhibit 13-12)
S = mph (Exhibit 13-13}) S = 68.6 mph (Exhibit 13-13)

Copyrighl © 2010 University of Florida, All Rights Reserved
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BASIC FREEWAY WORKSHEET Page 1 of |

BASIC FREEWAY SEGMENTS WORKSHEET
General Information ISite Information
Analyst David Stoner Highway/Direction of Travel Fastbound
Agency or Company DOWL HKM From{To 3} Shiloh to West Billings
. Yellowstone County
Date Performed 10/20/2011 Jurisdiction Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Descriplion _ Billings Area 1-90 Corridor Planning Study
v Oper.(LOS) I Des.(N) I Planning Data
Flow Inputs
olume, V 2472 veh/h Peak-Hour Factor, PHF 0.85
AADT veh/day %Trucks and Buses, P 13
Peak-Hr Prop. of AADT, K %RVs, Py 0
Peak-Hr Direction Prop, D General Terrain; Level
DDHV = AADT xK xD vehfh Grade % Length mi
Up/Down %
[Calculate Flow Adjustments
f - 1.00 Eg 1.2
E; 1.5 Ty = W+PL{E - 1) + Pp(Ep - 1)1 0.939
Speed Inputs |Calc Speed Adj and FFS
Lane Width ft
Rt-Side Lat. Clearance ft fow mph
Number of Lanes, N 3 fle mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
IFFS (measured) 74.8 mph FFS 74.8 mph
Base free-flow Speed, meh
BFFS P
LOS and Performance Measures [Design {N)
Design {N)
Operational {L OS) Desian LOS
v, = (V or DDHV) / (PHF x N xf,, 9
1032 pc/hiin V= (V or DDHV}/ (PHF x N x fy,,
X fp) £) pc/hiin
S 75.0 mph e
. S mph
D= vaS 13.8 pc/miflin D=v /S i
= c/mifln
LOS B p perm!
Required Number of Lanes, N
|Glossary Factor Location
N - Number of lanes S - Speed [E, - Exhibits 11-10, 11-12 £y - Exhibit 11-8
V- Hourly volume D -Density E, - Exhibits 11-10, 11-11, 1113 f_, - Exhibit 11-9
Vp - Flow rate . FFS - Free-flow speed { - Page 11-18 TRD - Page 11-14
[LOS - Level of service BFFS - Base free-flow [P o
LOS, S, FFS, v_ - Exhibils 11-2,
speed p
DDHYV - Directional design hour volume 11-3
Copyright © 2010 University of Florida, All Rights Reserved HCS 2010™  Version 6.2 Generaled: 12/19/2011 344 PM
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BASIC FREEWAY WORKSHEET

Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET
General Information |Site Information
Analyst David Stoner Highway/Direction of Travel Westbound
Agency or Company DOWL HKM From/To 3) Shiloh to West Biflings
Date Performed 10/20/2011 Jurisdiction Yellowstone County
Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area -0 Corridor Planning Study
[v Oper.(LOS) I Des.(N) I™ Planning Data
Flow Inputs
Volume, V 2375 veh/h Peak-Hour Faclor, PHF 0.89
AADT veh/day %Trucks and Buses, P, 12
Peak-Hr Prop. of AADT, K %RVs, P 0
Peak-Hr Direction Prop, D General Terrain: Level
IDDHY = AADT x K x D veh/h Grade % Length mi
Up/Down %
[Calculate Flow Adjustments
f, 1.00 Er 1.2
E; 1.5 iy = VI+PEL - 1) + PR(F - 1] 0.943
Speed Inputs |Calc Speed Adj and FFS
Lane Width ft
RI-Side Lat. Clearance ft fw mph
hNumber of Lanes, N 3 fle mph
Total Ramp Densily, TRD ramps/mi | TRD Adjustment mph
FFS {measured) 70.8 mph FFS 70.8 mph
Base free-flow Speed, moh
BFFS P
LOS and Performance Measures Design (N)
Design {N)
Operational {LOS) Desian LOS
v_ = (V or DDHV) / (PHF x N x f,,, 9
P 94 pc/hfin v, = (V or DDHV)/ (PHF x N x f,,,,
X fp) k1) pcfhiln
S 70.0 mph P
) S mph
D= vaS 13.5 pc/mifln D=v /S o/mill
= mi
LOS B p paimin
|ReqU|red Number of Lanes, N
Glossary [Factor Location
N - Number of lanes S -Speed Eg, - Exhibits 11-10, 11-12 f,y - Exhibit 11-8
- ':‘I’“"V volume D . Density E, - Exhibits 11-10, 14-11, 11-13  f, _ - Exhibit 11-9
- Flow rate . FFS - Free-flow speed f - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow |P -
peed LOS, S, FFS, Vp - Exhibits 11-2,
DDHYV - Directional design hour volume 11-3
Copyrighl@ 2010 University of Florida, All Rights Reserved HCS 2010™  vVersion 6.2 Generaled: 12/19/2011 3.44 PM
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner Freeway!Dir of Travel Eastbound
Agency of Company DOWL HKM Junction 3JE) West Billings Off Ramp EB
Dale Performed 10/20712011 Jurisdiction Yellowslone County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Descriplion  Billings Area 1-80 Corridor Planning Sludy
inputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
Acceleration Lane Length, L, Ramp
Myes T On Deceleration Lane Lenglh L, 278 ["Yes [On
MNo T Off Freeway Volume, V. 834 F Ne I Off
- t Ramp Volume, Yy, 1846 Loy = ft
Freeway Free-Flow Speed, S, 70.0
V,=  vehh Ramp Free-Flow Speed, S, 700 Vo= vehh
Conversion to pc/h Under Base Conditions
(pcrh) W eXIhr) PHF Terain %Tuck | %Rv oy f, = VIPHF xfy xf,
Fresway 84 0.82 Level 22 0 0.901 0.95 1188
Ramp 1846 0.82 Level K] 0 0.985 0.95 2405
UpStream
DownSlream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vie= Ve (Pry) Vig = Vg * (Ve - VRIPep
Leq = {Equation 13-6 or 13-7) Leq = (Equation 13-12 or 13-13)
P = using Equalion {Exhibit 13-6) Pep = 0450 using Equation (Exhibit 13-7)
V., = pci V,, = 1857 pc/h
VooV, ., pchh (Equalion 13-14 or 13-17) VaOr vV, o -669 pc/h {Equalion 13-14 or 13-17)
Is Va0 Vo 0y > 2700 pchh? [~ Yes [ No Is Vg0V, 2, > 2700 pch? I~ Yes ¥ No
(s V3 0r Ve > 15° V52 T Yes [ No IsVy0rV 0> 15°V,2 [ Yes 7 No
I Yes,V,p, = &cf?g()Equatlon 13-16, 1318, or I YesV,, = 1%c;'h (Equation 13-16, 13-18, or 13
Capacity Checks Capacity Checks
Aclual Capacity LOSF? Aclual Capacity LOS F?
Ve 1188 Exhibit 13-8 7200 No
Veo Exhibil 13-8 Veo=Ve-Vg| 1217 | Exhibit138| 7200 No
Vg 2405 Exhibil 13-10] 4400 No
|Flow Enterinqﬂerge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Viclalion? Actual Mayx Desirable Violation?
Va2 Exhibil 13-9] Vi, 1857 Exnivit 138 | 4100A1 | o
Level of Service Determination (if not F) L evel of Service Determination (if not F)
Dr =5.475 + 0.00734 v 5 + 0.0078 V, - 0.00627 L, D =4.252 + 0.0086 V,, - 0.009 L,
Da=  (pc/mifln) Dg=  15.2 (pc/mifin)
LOS = (Exhibil 13-2) LOS= B (Exhibit 13-2)
Speed Determination Speed Determination
[Mg=  (Exibit 13-11) D, = 0.189 (Exhibit 13-12)
Se mph (Exhibit 13-11) Sp= 64.7 mph {Exhibit 13-12)
S;=  mph (Exhibit 13-11) S¢= 768 mph (Exhibil 13-12)
S = mph (Exhibit 13-13} S = 59.4 mph (Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Anatyst David Sloner Freeway/Dir of Travel Weslbound
Agency of Company DOWL HKM Junction JA) West Billings On Ramp King
Date Performed 1072012011 Jurisdiction Yellowslone County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area 1-90 Corridor Planning Study
Inputs
Upstream Adj Ramp jiumber of Lanes, N 3 Downstream Adj
Acceleration Lane Length, L 582 Ramp
Yes [ On , A
Deceleration Lane Lenglh L, Myes [ On
FNo [ OF Freeway Volume, V. 1319 FNo { Of
L, it Ramp Volume, Vi 1016 Lo = ft
Freeway Free-Flow Speed, S 70.0
V,=  vehh Ramp Free-Flow Speed, Sy 687 Vo= vehih
Conversion to pe/h Under Base Conditions
v ,

(pci) {Veh/r) PHF Terrain %Truck %Ry fhiv f v = VIPHF X fi, x 1,
Freeway 1319 093 Level 18 0 0.917 0.95 1627
Ramp 1016 0.85 Level 3 1 0.985 1.00 1213
UpStream
DownSlream

Merge Areas Diverge Areas
Estimation of v, Estimation of v,
- Via= Vel l_)F” ) Viz = Vr + (Ve - VRIPrp
Sl (Equation 13-6 or 13-7) o= (Equation 13-12 or 13-13)
PFM = 0594 using Equation {Exhibit 13-6) PFD = using Equalion (Exhibit 13-7)
V, 0r Vg By Peh (Eauation 1314 or3- Vy0rV, perh (Equation 13-14 or 13-17)
15 Vy 0 V0 > 2700 peih? [~ Yos ¥ No IsV,orV, ;,>2700 pch?l Yes [ No
s Vy0r V,,34> 15" V,,2 T~ Yes ¥ No 15 V30 Voygq > 15 V)2 [~ Yes [ No
_ pcsh (Equation 13-16, 13-18, or If Yes,V,, = pc/h (Equation 13-16, 13-18, or
Yes.V,,, = 5968 | Yoo Viaa 13-19)
Capacity Checks |Capacity Checks
Aclual Capacity LOS F? Actual Capacity LOSF?
Ve Exhibit 138
Veo 2840 | Exhibit 138 No [Veo=Ye-Vr Exhibit 138
V. Exhibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Violation? Actual Max Desirable Violation?

Vaia 2179 |Exhibit138] 4600 No vy, Exhibit 138 |
Level of Service Determination (if not F) Level of Service Determination (if not F)

D = 5.475 +0.00734 v  +0.0078 V,, - 0.00627 L, Dy = 4.252 +0.0086 V,, - 0.009 L,
0,=  18.3 (pc/mifn) Dr=  (pc/mifin)

LOS= B {Exhibit 13-2) LOS=  (Exhibit 13-2)

Speed Determination Speed Determination
‘Mg= 0275 (Exibit 13-11) D.=  (Exhibit 13-12)

So=  62.3 mph (Exhibit 13-41) Sg=  mph (Exhibil 13-12)

S;=  69.4 mph (Exhibit 13-11) S,=  mph (Exhivit 13-12)

S = 63.8 mph (Exhibit 13-13) S = mph (Exhibit 13-13}
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Billings Area I-90 Corridor Planning Study

Improvement Options Report

Appendix 5
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Option ID M-5




RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Mnalyst David Sloner FreewayiDir of Travel Eastbound
IAgency or Company DOWL HKM Junction 4D} South Billings On Ramp
Date Performed 102012011 Jurisdiction Yellowstore County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Descripticn  Billings Area 1190 Corridor Planaing Study
Inputs
Upslream Adj Ramp Number of Lanes, N 3 Downsiream Ad)
Acceleration Lane Length, L, 1200 Ramp
["Yes [ On )
Dageleration Lane Length L, MYes 1 On
F'No I oOH Freeway Volume, V, 1621 I No [ Of
Lup - ft Ramp Volume, Vi, 953 Lo = it
Freeway Free-Flow Speed, S 70.0
vV, = vehth Ramp Free-Flow Speed, S, 68.9 Vo = vehih
Conversion to pc/h Under Base Conditions
(poin) w e\;!’mr) PHE Terraln %Tuck | %R fov f, |v=VIPHF xfy )
Freeway 1621 0.96 Level 15 0 0.930 0.95 1911
Ramp 953 0.83 Level 5 ] 0.976 1.00 1177
UpStream -
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
V., =V. (P =
) 12= Ve ( .FM) Vip = VR + (Vg - VRIPe
LEQ— (Equatlon 13'6 or 13'7) LEQ_ (Equaﬁon 13_12 or 13_13)
Peu 0.611 using Equation (Exhibit 13-6) Pep = using Equation {Exhibit 13-7)
V,, = i168 pc/h vy, = pc/h
401V, g ﬁ% pefh (Equation 13-14 or 13- V.orV, ., pefh (Equation 13-44 or 13-17)
15V, 00 V00> 2700 pGh? I~ Yes 7" No 19V5 0 Vaga> 2700 pel?[ " Yes T~ No
lsVyorV, 54> 15°V,,22 T~ Yes ¥ No I8 Vy0r Vo > 1.57Vyy2 r"c}(e? ; N.O
i cfh (Equation 13-16, 13-18, or it YesV,, = pefh (Equation 13-16, 13-18, or
If Yes, V., = 1 2_1 g)( q 12a 13-19)
Capacity Checks Capacity Checks
Actual Capacity LOSF? Actual Capacity LOS F?
Ve Exbibit 13-8
Veo 3088 |Exhibit 138 o |[Vro=Ve-Vr Exhibit 13-8
; Exhibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Aclual Max Desirable Vicfation?
Ver 2345 |Exnibit138]  4600:A1 No V., Exhibit 138 |
[ evel of Service Determination (if not F) Level of Service Determination {if not F)
D = 5.475 +0.00734 v  +0.0078 V,, - 0.00627 L, Dg = 4.252 + 0.0086 V., - 0.009 L,
Dy, = 15.7 (pcimifin} De= {pc/mifiny
| OS= B{Exhibit i3-2) .OS = (Exhibit 13-2)
Speed Determination Speed Determination
Mg=  0.196 (Exibit 13-11) 5= {Exhibit 13-12)
Se= 645 mph (Exhibit 13-11) R~ mph (Exhibit 13-12)
5o 69.1 mph (Exhibit 13-11) o~ mph (Exhibil 13-12)
S = 65.6 mph (Exhibit 13-13) = mph (Exhibit 13-13}
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page | of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Informaltion Site Information
Analyst David Stoner Freeway/Dir of Travel Westbound
iAgency or Company DOWL HKM Junction 4B} Seuth Billings Off Ramp
Date Performed 10/20/2011 Jurisdiction Yellowstone County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Descriplion_ Billings Area [-80 Corridor Planning Study
Inputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
Acceleration Lane Length, L, Ramp
TYes [ On , - -
Deceleration Lans Length L, 202 "Yes 1 On
¥ No i Off Freeway Volums, Vi 1988 ¥ No o
Lup - f Ramp Volume, Yy, 254 Ly = ft
Freeway Fres-Flow Speed, S 70.0
V= veh/h Ramp Free-Flow Speed, Sgq 67.6 Vb= veh/h
Conversion to pc/h Under Base Conditions
{pcth) {Ve\;m g | P Terrain %Tuck | %R fuy f, = VIPHF xfy x1,
Freeway 1988 0.93 Lavel 14 0 0.935 0.85 2408
Ramp 254 0.77 Level 6 ] 0.971 0.95 358
UpStream
BownSlream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig= Ve (Pry) Vi2 = Vr ¥ (Ve - VrIPrp
Leq = {Equation 13-6 or 13-7) Leq© (Equation 13-12 or 13-13}
Py = using Equation (Exhibit 13-6) Pep = 0.450 using Equation (Exhibit 13-7)
V12 = pclh Vw = 1280 pCJ'h
V3 0V ag pc/h (Equation 13-14 or 13-17) V50V, 0 1128 pc/h (Equation 13-14 or 13-17)
s Vy0rV, 50> 2700 pchh? I~ Yes [ No Is V301 Voiae> 2700 ph? 1 Yes [ No
fsVyorV, > 15* V2 [ Yes [ No sVyorV, -, > 15* V2 {7 ves I No
_ pc/h {Equation 13-16, 13-18, or - 1376 pc/h (Equation 13-16, 13-18,
if Yes,V,,, 1319) I Yes,V,,, or 1319)
Capacity Checks Capacity Checks
Acluat Capacity LOSF? Aciual Capacily LOS F?
Ve 2408 Exhibit 13-8 | 7200 No
Veo Exhibit 13-8 Veg = Ve - Vg 2050 Exhibit 13-§ 7200 No
Vi 358 Exhibit 13-10] 4400 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Violation? Actual Max Desirable Viclation?
Vara Exhibit 13-9] Vi, 1280 Exhibit13-8 | a400A1 [ no
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5475+ 0.00734 v , + 0.0078 V,, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Dg=  {pc/mifin) Dp= 124 (pe/mifin)
LOS=  (Exhibit 13-2) LOS= B (Exhibit 13-2)
Speed Determination Speed Determination
Mg=  (Exibit 13-11) D= 0.036 (Exhibit 13-12)
S.=  mph (Exhibit 13-11) Sg=  69.0 mph (Exhibit 13-12)
5= mph (Exhibit 13-11) Sy 767 mph (Exhibit 13-12)
S = mph (Exhibit 13-13) S = 72.1 mph (Exhibit 13-13)
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BASIC FREEWAY WORKSHEET Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information [Site Information
Analyst David Stoner Highway/Direction of Travel Eastbound
Agency or Company DOWI HKM FromfTo 5) South Billings fo 27th St

N Yellowstone County

Date Performed 10/20/2011 Jurisdiction Montana

Analysis Time Period Peak Hour Analysis Year 2035

Project Description  Billings Area 1-90 Corridor Planning Study

¥ Oper.(LOS) " Des.(N) [ Planning Data

Flow Inputs

olume, V 2257 veh/h Peak-Hour Factor, PHF 0.94

AADT veh/day %Trucks and Buses, P; 13

Peak-Hr Prop. of AADT, K %RVs, Pp 7}

Peak-Hr Direction Prop, D General Terrain: Level

DDHY = AADT xKx D vehth Grade % Length mi

Up/Down %

[Calculate Flow Adjustments

f, 1.00 Eg 1.2

E; 1.6 fry = MIHPL(EL - 1) + PR(Ex - 11 0.939

Speed Inputs Calc Speed Adj and FFS

Lane Width ft

Rt-Side Lat. Clearance ft fow mph
Number of Lanes, N 3 flo mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
|FFS (measured) 65.5 mph FFS 65.5 mph
Base free-flow Speed, moh

BFFS P
ILOS and Performance Measures Design (N}

Desian (N)

Operational (L OS) Desian LOS
v, = (V or DDHV)/ (PHF x N xf,, 9

P 852 pein - v, = (V or DDHV) / (PHF x N x f,,,,
x £)) ) pc/hiin
S 65.0 mph P h

m
D= vplS 13.1 pc/mifin D=v /8 7 i
= ifin
LOS B P peim
Required Number of Lanes, N

Glossary |[Factor Location
N - Number of lanes S - Speed Ep, - Exhibits 11-10, 11-12 f - Exhibit 11-8
V' - Hourly volume DFS- Dens"z E, - Exhibits 11-10, 11-11, 1113 f, _ - Exhibit 11-9
Vo - Fiow rate . _ FFS - Free-flow speed fp - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow .
speed : LOS, §, FFS, Vo - Exhibits 11-2,

DDHV - Directional design hour volume 1-3
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BASIC FREEWAY WORKSHEET Page 1 of |

BASIC FREEWAY SEGMENTS WORKSHEET

General Information [Site Information
Analyst David Stoner Highway/Direction of Travel Westbound
Agency or Company DOWL HKM From/To 5} South Billings to 27th St

ok Yelfowstone County

Date Performed 10/20/2011 Jurisdiction Montana
Analysis Time Period Peak Hour Analysis Year 20356

Project Description  Billings Area I-80 Corridor Planning Study

[ Oper.{LOS) [ Des.(N) I Planning Data

Flow Inputs
Volume, V 2059 veh/h Peak-Hour Factor, PHF 0.88

AADT veh/day %Trucks and Buses, P 12

Peak-Hr Prop. of AADT, K %RVs, Pp 0

Peak-Hr Direction Prop, D General Terrain: Level

DDHYV = AADT xKxD veh/h Grade % Length mi

Up/Down %

[Calculate Flow Adjustments

fo 1.00 Eg 1.2

Ey 1.5 fry = M1+PL{EL - 1) + Po(Eg - 110.943

Speed Inputs |Calc Speed Adj and FFS

Lane Width _ ft

Rt-Side Lat. Clearance ft fw mph
Number of Lanes, N 3 flo mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph

FFS (measured) 71.2 mph FFS 71.2 mph
Base free-flow Speed, moh

BFFS P

LOS and Performance Measures Design {N)

Design (N)

Operational (LOS) Desian LOS
v, = (V or DDHV) / (PHF x N x f,, g

P 827 pe/hiin v, = (V or DDHV}/ (PHF x N x fi;,,
xfp) e f) pe/h/in

S 70.0 mph P o
D=v, /S 11.8 pefmifin D=v /S pl in

= c/m
Los B p P
Required Number of Lanes, N

Glossary Factor Location

N - Number of lanes S - Speed Er, - Exhibits 11-10, 11-12 f.,y - Exhibit 11-8
' - Hourly volume D -Density E, - Exhibits 11-10, 11-11, 1113 f, - Exhibit 11-9
Vp - Flow rate . FFS - Free-flow speed - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow |P "

speed LOS, S, FFS, v,, - Exhibits 11-2,

DDHYV - Directional design hour volume 11-3
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page { of |

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner Freeway/Dir of Travel Eastbound
fAgency or Company DOWL Hkh Junction 5E) 271h Street Off Ramp EB
Date Performed 10/20/2011 Jurisdiction Yellowstone County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description _ Billings Area |-90 Corridor Pianning Study
Inputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
Aceeleration Lane Length, L, Ramp
MyYes [ On . . .
Decsteration Lane Lenglh L, 235 "Yes {1 On
FNo  IToOff Freeway Volume, V; 1966 FNo I Off
Lup - ft Ramp Volume, Vi 24 Lo = ft
Freeway Free-Flow Speed, S, 70.0
Vy=  vehh Ramp Free-Flow Speed, Seq 67.3 Vo= veh/h
Conversion to pc/h Under Base Conditions
(poit) (Ve‘;:’lhr) PHF Terrain %Truck %Ry fiyv fy [ =VIPHF x iy, x 1,
Freeway 1966 0.93 Level 15 0 0.930 1.00 2273
Ramp 214 0.7 Level 8 0 0.962 1.00 289
UpStream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vip = Vi (Pry) Vig =V * (Ve - Vr)Pep
lcq = {Equation 13-6 or 13-7) Leq @ (Equation 13-12 or 13-13}
Pry = using Equation (Exhibit 13-6) Pep = 0.450 using Equation (Exhibit 13-7)
V12: pC[h V]g: 1182 pth
V01V, 0 pc/h {Equation 13-14 or 13-17) Va0r VY, a 1081 pc/h (Equation 13-14 or 13-17)
Is VoV, 5, > 2700 poh? [ Yes T No IsVy0rV_ 40> 2,700 poh? I Yes 7 No
I8V30rVopy > 15 V2 [ Yes I No Is V30 Vyupe > 15 °Vi)l2 1 Yes I No
- pcih (Equation 13-16, 13-18, or - 1298 pcth {Equation 13-16, 13-18,
f Yes,Vy,, 13-19) I Yes,V,,, or 13.19)
Capacity Checks Capacity Checks
Actoal Capacity LOS F? Actual Capacity LOS F?
Ve 2273 Exhibit 13-8 7200 No
Ve Exhibit 13-8 Veo = Ve-Vg| 1984 | Exhibit138| 7200 No
Ve 289 Exhibit 13-10] 4400 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Varo Exhibit 13.9] Vi, 1182 | Exhibit138 | 4400A1 | Mo
Ievel of Service Defermination (if not F) Level of Service Determination (if not F)
Dg = 5.475 + 0.00734 v  + 0.0078 V,, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Dz=  {pc/mifin) Dg=  11.2 (pc/mifin)
LOS = (Exhibit 13-2) LGS = B {Exhibit 13-2)
Speed Determination Speed Determination
Mi=  (Exibit 13-11) D= 0.03 (Exhibit 13-12)
Se=  mph (Exhibit 13-11) Sg=  69.0 mph (Exhibit 13-12)
Sy= mph (Exhibit 13-11) S~ 76.8 mph (Exhibit 13-12)
S = mph {Exhibit 13-13) S = 72.2 mph (Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page | of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
EAnalyst David Stoner Freeway/Dir of Trave! Westbound
IAgency or Company DOWL HKM Junction 6A) 27th Street On Ramp
Date Performed 10/13/2011 Jurisdiction Yellowstone County Montana
Analysis Time Peried Peak Hour Analysis Year 2036
Project Dascription  Billings Area I-90 Corridor Planning Study
{nputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
- o Acosteration Lane Lengih, L, 568 Ramp
Y
o " Degeleration Lane Length L, MYes I oOn
MNo I Off Freeway Volume, Ve 1451 FNo T of
V -
Lup - i Ramp Volume, V, 3N L goun = ft
Freeway Free-Flow Speed, S 70.0
Vo= vehh Ramp Free-Flow Speed, Spe 66.2 Vo= vehih
Conversion to pc/h Under Base Conditions
v . -

{pcin) (Vehihr) PHF Terrain %Truck %Ry fuv fo v = VIPHF xf,), x f,
Freeway 1451 0.85 Level 15 0 0.930 1.00 1835
Ramp 331 0.87 Level 4 0 0.980 1.00 388
UpStream
DownSlream

Merge Areas Diverge Areas
Estimation of vy, Estimation of v,
Vi,=V -
) 1= Ve (Pru) Vip =V + (Ve - V)Pro
Lea ™ (Equation 13-6 or 13-7) Leo = (Equation 13-12 or 13-13)
P = 0593 using Equation (Exhibit 13-6) Pep = using Equation {Exhibil 13-7)
12 = 1089 pcl'h Vu = pdh

V07V, 0 ';’475) po/h (Equalion 13-14 or 13- V,orV, po (Equation 13-14 or 13-17)

s Vy0rV, 50> 2700 pei? [~ Yes I No Is Vy0r V50> 2700 pcit? [ Yos i_ No

ls V; 01V, 00> 15 V)2 T~ Yes I No I8 V30r Vg > 15 Vy,f2 F”C};}e?;‘ No o .

; tion 13-16, 13-18, or
- pc/h (Equation 13-16, 13-18, or i YesV,,, = P qua : '
If Yes,V,,, 1319) t2a 13-19)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOSF?
Ve Exhibit 13-8
Vio 2223 |Exhioil 138 No  |Vro=VE-VR Exhibit 13-8
v Exhibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Violation? Actual Max Desirable Viclation?

Vria 1477 [exnibit138] 6001 No Vi Exhibit 13-8 |
Level of Service Determination (if not F) Level of Service Determination (if not F)

Dp = 5475 +0.00734 v , +0.0078 V,, - 0.00627 L, D = 4.252 + 0.0086 V,, - 0.009 L
Dr=  13.3 {pc/mifin) D= (pc/mifin)

LOS = B (Exhibit 13-2} LOS=  (Exhihit 13-2)

Speed Determination Speed Determination

My=  0.26% (Exibit 13-11) D= {Exhibit 13-12)

Se= 62.7 mph (Exhivit 13-11) Sr=  mph (Exhibit 13.12)

Sg= 69.1 mph (Exhibit 13-11) So= mph (Exhibit 13-12)

S = 64.7 mph (Exhibit 13-13) S = mph (Exhibit 13-13)
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Improvement Options Report

Appendix 5
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Option M-6




RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information Site Information
Analyst David Stoner Freeway/Dir of Travel Eastbound
Agency or Company DOWL HKM Jugaction 5D) 27th Street On Ramp
Date Perfermed 1012012014 Jurisdiction Yellowstone County Montana
Analysis Time Pericd Peak Hour Analysis Year 2035
Project Description  Billings Area |-90 Corridor Planning Study
Inputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
_ Acceleration Lane Length, L, 713 Ramp
["Yes [ On )
Deceleration Lane Length L, "Yes [ On
FNo T Off Freeway Volume, V; 1966 FNo I Of
L, ft Ramp Volume, Vi, 455 Lgorn ™ ft
Freeway Free-Flow Spaed, S, 70.0
v, = vehih Ramp Free-Flow Speed, S, 67.0 Vo= vehih
Conversion to pc/h Under Base Conditions
v ; =
{poih) (Vehi) PHF Terrain %Truck %Rv fry f v = VIPHF x f,,,, x T,
Freeway 1966 0.93 Leve! 15 0 0.930 1.00 2273
Ramp 455 0.70 Level 10 0 0.952 1.00 683
UpStream
BownSiream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vi ™Y (P ) Vig = Vr + (Ve - V)P
Lea ™ (Equation 13-6 or 13-7) leq= (Equation 13-12 or 13-13)
Pey = 0.597 using Equation (Exhibit 13-6) Pep = using Equation (Exhibit 13-7)
My, = 135 poh V., = pc/h
V, 01V, g *1".,,5) pc/h (Equation 13-14 or 13- V, 01V, " po/h (Equation 1314 or 13-17)
I8 V3 0r V, 34 > 2700 P17 [ Yes [ No I8 V3 Vaygy > 2700 peh? 1 Yes I~ No
IsVyorV, ., > 15*V,,l2 T Yes 7 No I8 V30rV 00> 167V 52 r:g]e?E? No 1316, 13.1
_ o/h (Equation 13-16, 13-18, or If Yes.V,,, = pe/h (Equation 13-16, 13-18, or
b Yes,V,y, = e 12a 13-19)
Capacity Checks Capacity Checks
Aclual Capacily LOSF? Actual Capacity LOSF?
Ve Exhibit 13-8
Veo 2956 | Exhibit 138 No  (Yro=Ve-Vi Exhibit 13-8
v Exhibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actuat Max Desirable Violation? Actual Max Desirable Viofalion?
Vs 2041 |Exhibit13-8]  4600A1 No Vi, Extibit 13.8 |

Level of Service Determination (if not F)

Level of Service Determination (if not F)

Dy = 5475 +0.00734 v o +0.0078 Y, - 0.00627 L,

Dg = 4.252 + 0.0086 V,, - 0.009 L,

Dp=  16.6 (po/mifin) Dp=  (pc/mifin)

LOS = B(Exhibit 13-2) LOS=  (Exhibit 13-2)
Speed Determination Speed Determination
My= 0,255 (Exibit 13-11) D,=  (Exhibit13-12)

Se=  62.8 mph (Exhibit 13-11) 5= mph {Exhibit 13-12)
So= 69.5 mph (Exhibit 13-11) S mph (Exhibit 13-12)

5 = 64.5 mph (Exhibit 13-13) S=  mph (Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of |

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner Freeway/Bir of Travel Westbound
IAgency or Company DOWL HKM Junction 5B) 27th Street Off Ramp
Date Performed 712012011 Jurisdiction Yellowstone Cournty Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area 1-90 Corridor Planning Study
Inputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
Acceleration Lane Lenglh, L, Ramp
FYes [ On ] - -
Decsleration Lane Length Ly, 139 MYes 1 On
MNo I Off Freeway Volums, V, 1451 FFNo T Off
Lup - # Ramp Yolume, Vy 370 Lioun = ft
Freeway Free-Flow Speed, S, 70.0
V, = vehfh Ramp Free-Flow Speed, Sg, 68.2 Vo= veh/h
Conversion to pc/h Under Base Conditions
{oc/h) {Ve\f:.'hr} PHF Terrain %Truck %Rv fuy fo Vv = VIPHF x fiy, x
Freeway 1451 0.85 Level 15 0 0930 1.00 1835
Ramp 370 0.68 Lovel 18 0 0.817 1.00 593
UpStream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Via = Ve (Pay) Vig = Vg # (Ve - V)Pep
Leg = (Equation 13-6 or 13-7} Leg = (Equation 13-12 or 13-13)
Pey = using Equation (Exhibit 13-6) Pro = 0450 using Equation (Exhibit 13-7)
V= pcih Vi, = 1152 pcth
VyorV, ., peih (Equation 13-14 or 13-17) VyorV, ., 683 pc/h (Equation 13-14 or 13-17)
IS Vy 01 V0 > 2700 ph? I~ Yes I~ No [s Vyor V, 5, > 2,700 ph? [~ Yes ¥ No
Is V30 V0> 16" V)2 17 Yes [ No ISV, 0rV, 0> 15°V,)2 T~ Yes 7" No
- pefh (Equation 13-16, 13-18, or o pcih {Equation 13-16, 13-18, or 13-
if Yes,V,,, 13-19) if Yes,Vy,, 19)
Capacity Checks Capacity Checks
Actual Capagity LOSF? Aclual Capacity LOS F?
Ve 1835 Exhibit 138 | 7200 No
Veg Exhibit 13-8 Veo = Ve -Vgp| 1242 Exhibit 138 | 7200 No
Vg 593 Exhibit 13-10| 4400 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Viotation? Actual Max Desirable Violation?
Vi Exhibit 13-8] YV, 1152 Exhibit 138 | 4400a1 [ o
Level of Service Determination (if not F) Level of Service Determination (if not F)
D =5.475 + 0.00734 v  + 0.0078 V,, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Dr=  (pc/mifin} Dg = 117 (pc/mifin}
10S= {Exhibit 13-2) LOS= B (Exhibit 13-2)
Speed Determination Speed Determination
Mg=  (Exibit 13-11) D, = 0.050 {Exhibit 13-12)
Sg=  mph (Exhibit 13-11) Sp=  68.6mph (Exhibit 13-12)
8y mph (Exhibit 13-11) So= 76.8 mph (Exhibit 13-12)
S = mph {Exhibil 13-13) S = 71.4 mph {Exhibit 13-13)
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BASIC FREEWAY WORKSHEET

Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information

|Site Information

Analyst David Stoner
Agency or Company DOWL HKM
Date Performed 10/26/2011
Analysis Time Period Peak Hour

Highway/Direction of Travel Fastbound
FromfTo 6) 27th Street fo Lockwood
Yellowstone County

Jurisdiction Montana
Analysis Year 2035

Project Description  Billings Area I-80 Corridor Planning Study

I+ Oper.(LOS) ™ Des.(N) I Planning Data
Flow Inputs
Volume, V 2974 veh/h Peak-Hour Factor, PHF 0.91

DDHY - Directional design hour volume

AADT veh/day %Trucks and Buses, P, 14
Peak-Hr Prop. of AADT, K %RVs, Py 0
Peak-Hr Direction Prop, D General Terrain; Level
DDHV = AADT xKx D veh/h Grade % Length mi
Up/Down %
Calculate Flow Adjustments
fo 1.00 Er 1.2
Er 1.5 fiyy = MHPLEL - 1) + Pp(Fg - 110.935
Speed Inputs Calc Speed Adj and FFS
Lane Width t
IRt-Side Lat, Clearance ft f mph
Number of Lanes, N 3 fie mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
FFS {measured) 72.9 mph FES 799 mph
Base free-flow Speed, h
BFFS mp
LOS and Performance Measures [Design (N)
Design {N)
Operational (L OS) D:z: : LOS
v, = (V or DDHV) / (PHF x N x fy 9
1166 pcfhiin Vp = (V or DDHV} 7 (PHF x N x f,,
X fp) ) pcihin
S 74.7 mph o P h
m
D=v /S 15.6 pcfmifin P ,
p D=v,/8 pc/mifin
LOS B )
Required Number of Lanes, N
Glossary Factor Location
N’ - Number of lanes S - Speed Er - Exhibits 11-10, 11-12 fyp - Exhibit 118
- Hourly volume D - Density £, - Exhibits 11-10, 11-11, 1113 f . - Exhibit 11-9
Vo - Flow rate . FFS - Free-fiow speed f - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow p .
speed LOS, S, FFS, v, - Exhibits 11-2,

11-3
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BASIC FREEWAY WORKSHEET Page 1 of |

BASIC FREEWAY SEGMENTS WORKSHEET
General Information [Site Information
Analyst David Stoner Highway/Direction of Travel Westbournd
Agency or Company DOWL HKM From/To 8) 27th Street to Lockwood
Date Performed 10/14/2011 Jurisdiction Yallowstone County
Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Biflings Area 1-90 Corridor Planning Study
" Oper.(LOS) ™ Des.(N) I Planning Data
Flow Inputs
Volume, V 2118 veh/h Peak-Hour Factor, PHF 0.87
AADT vehfday %Trucks and Buses, P 18
|Peak-Hr Praop. of AADT, K %RVs, Pg 0
Peak-Hr Direction Prop, D General Terrain: Leve!
DDHV = AADT xKx D veh/h Grade % Length mi
Up/Down %
Calculate Flow Adjustments
f, 1.00 Ex 1.2
E; 1.5 fiy = MP{Ey - 1) * Pp(Eg - 110.917
Speed Inputs [Calc Speed Adj and FFS
Lane Width ft
Rt-Side Lat. Clearance ft flo mph
Number of Lanes, N 3 flo mph
[Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
FFS (measured) 73.4 mph FES 73 4 mph
Base free-flow Speed, moh
BFFS P
[LOS and Performance Measures Design (N)
Design (N)
Operational (LOS) Design LOS
v, = (V or DDHV)/(PHF x N x f
p M "Vgss5 pe/vin v, = (V or DDHV)/ (PHF x N x f,,,
) pr ) pc/hiln
S 75.0 mph P
. S mph
D=v IS 11.8 pc/mifin .
P D=v,/8 pc/mifin
LOS B ,
Required Number of Lanes, N
|[Glossary Factor Location
N - Number of lanes S - Speed Er, - Exhibits 11-10, 11-12 f, - Exhibit 11-8
V' - Hourly volume D - DS”S“; E, - Exhibits 11-10, 11-11, 1143 f, - Exhibit 11-9
Vo -Flowrate FFS - Free-flow speed f, - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow o
speed LOS, S, FFS, vp, - Exhibits 11-2,
DDHV - Directional design hour volume 11-3
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner Freeway/Dir of Travel Eastbound
gency or Company DOWL HKM Junction 6E) Lockwood Off Ramp EB
Date Performed 10/20/2011 Jurisdiction Yellowstone County Montana
Analysis Time Pericd Peak Hour Analysis Year 2035
Project Description  Billings Area [-80 Corridor Planniag Study
Inputs
Upsiream Adj Ramp Number of Lanes, N 3 Downstream Adj
Acceleration Lane Length, L, Ramp
Fyes [ On ! -
Daceleration Lane Length L 155 MYes [ On
¥ No I off Freeway Volume, V, 2089 ¥ No I~ off
e @ Ramp Volume, Vg 909 Lipun = it
Freeway Free-Flow Speed, Sy 70.0
V= vehv/h Ramp Free-Flow Speed, Sy 67.4 Vo= veh/h
Conversion to pc/h Under Base Conditions
{pcth) (Ve\r{mr) PHF Terrain %Truck %Ry fy f, V= VIPHF xfy, xf,
Freeway 2089 0.95 Level 19 0 0913 100 2408
Ramp 909 Q.79 Level 10 0 0.952 1.00 1208
UpStream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Via= Ve (Pey) Viz = Vi + (Vi - ViPep
leq = (Equation 13-6 or 13-7) Leq = {Equation 13-12 or 13-13)
Peyt © using Equation  (Exhibit 13-6) Pep = 0.450 using Equation (Exhibit 13-7)
V., = pcih Vip= 1748 pc/h
Va0V, 0y pc/h (Equation 13-14 or 13-17) Va0tV a0 660 pc/h (Equation 13-14 or 13-17)
s Vy0rV, 0> 2700 peh? [~ Yes I No IsVy0rV, 00> 2700 pohh? [ Yes ¥ No
IsVaorV, o> 15"V 2 7 ves 7 No IsVyorV, o> 15*V/2 I~ ves ¥ No
- pc/h (Equation 13-16, 13-18, or - pchh {Equation 13-16, 13-18, or 13-
If Yes,V,, 13.19) IfYes,Vyp, 19)
Capacity Checks Capacity Checks
Aclual Capacity LOS F? Actual Capacity LOS F?
' Ve 2408 Exhibit 138 | 7200 No
Yeg Exhibit 13-8 Veo = VE-Vr| 1200 Exhibit 138 | 7200 No
Ve 1208 Exhibit 13-10] 4400 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Viclation?
Vriz Exhibil 13-6] vy, 1748 Extibit13-8 | 4400A1 | o
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dy = 5475 +0.00734 v o, + 0.0078 V,, - 0.00627 L, D =4.262 + 0.0086 V,, - 0.009 1,
Dp= (pcfmifn) Dr= 185 (pc/mifin)
LOS=  (Exhibit 13-2) LOS= 8 (Exhibit 13-2)
Speed Determination Speed Determination
Mg=  (Exibit 13-11) D,=  0.116 (Exhibit 13-12)
Si=  mph (Exhibit 13-11) Sg= 668 mph (Exhibit 13-12)
S, mph (Exhibit 13-11) Sy 76.8 mph (Exhibit 13-12)
S = mph (Exhibit 13-13) S= 69.2 mph (Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET Page 1 of 1
RANMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner FreewayiDir of Travel Westbound
[Agency or Company DOWL HKM Jungtion 6A) Lockweod On Ramp
Date Performed 10120/2011 Jurisgiction Yellowstone County Montana
Minalysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area 1190 Corridor Planning Study
Inputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Ad]
Acceleration Lane Length, L, 750 Ramp
MYes {1 On )
Deceleration Lane Length L, Fyes [ On
MNo  { Off Freeway Volume, V. 1692 FNo [ Of
i‘up - fi Ramp Yolume, Vi 367 Lioun = ft
Freeway Free-Flow Speed, S, 70.0
V, = vehth Ramp Free-Flow Speed, Spq 68.0 Vo = vehih
Conversion to pc/h Under Base Conditions
{pcih) Vi e\I:m ) PHF Terrain % Truck %Ry T fy v = VIPHE x f,,, x [
Freaway 1692 0.88 Level 18 0 0.917 1.00 2096
Ramp 367 0.63 Lovel 18 0 0.917 1.00 §35
UpStream
DownSiream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Viz= Ve (Pey) Vip = Vg + (Ve - VRIPep
Leq = (Equation 13-6 or 13-7) Leq= (Equation 13-12 or 13-13)
Pei = 0599 using Equation (Exhibit 13.6) Pep = using Equation (Exhibit 13-7)
V., = 1254 pohh ‘ V,,= pcth
V0V, 0 i‘!{?) pc/h (Equation 13-14 or 13- VorV_, po/h (Equation 13-14 or 13-17)
I8 V301V 30> 2700 pch? 1™ Yes I No IsVyorV, 5> 2,700 poi? f— Yes I No
Is V3 or Vav34> 151V12’2 ;—— Yes =2 No Is V30r Vﬂ\'3‘5> 1.5*V121‘2 i Yes i No
c/h (Equation 1316, 13-18, or lifvesv,, = poh (Equalion 13-16, 13-18, or
if Yes,Vy,, = 124 9)( q : ' Y122 13-19)
Capacity Checks Capacity Checks
Aclual Capacity LOS F? Actual Capacily LOSF?
Ve Exhibit 13-8
Veo 2731 |Exhibit 138 Mo [Vro=VE-Vk Exhibit 13-8
v Exhibit 13-
R 16
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Vars 1889 [Exvibit138]  4600:AN No V,, Exhibit 138 |
Level of Service Determination (if not F) L evel of Service Determination (if not F)
Dg = 5475 +0.00734 v  + 0.0078 V,, - 0.00627 L, Dg = 4.252 +0.0086 V,, - 0.009 L,
D, = 15.2 {pcimifin} De= (pc/mifin}
LOS= B (Exhibit 13-2) LOS=  (Exhibit 13-2)
Speed Determination Speed Determination
Mg=  0.245 (Exibit 13-11) 5= (Exhibit 13-12)
Se®  63.1 mph (Exhibit 13-11) g=  mph (Exhibit 13-12)
Sy 68.8 mph (Exhibit 13-11) 0~ mph (Exhibit 13-12)
S = 64.8 mph (Exhibit 13-13) = mph {Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of |

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
PAnalyst David Stoner Freeway/Dir of Travel Eastbound
[Agency or Company DOWL HKM Junetion 6D) Lockwood On Ramp
Date Performed 1072042011 Jurisdiction Yellowstone County Montana
IAnalysis Time Period Peak Hour Analysis Year 2035
Project Dascription Billings Area §-80 Corridor Planning Study
Inputs
Upsleeam Adj Ramp Number of Lanes, N 3 Downstream Adj
ficceleration Lane Length, L, 850 Ramp
TYes [ On .
Deceleralion Lane Lenglh L, I"vYes [ On
i No I off Freeway Volume, Ve 2089  No I off
= ft Ramp Volume, Vg 342 odonn = ft
Freeway Free-Flow Speed, Sy 70.0
Vo = veh/h Ramp Free-Flow Speed, S5 67.0 Vo = vehih
Conversion to pc/h Under Base Conditions
(peth) (Ve\r{mr) PHF Tertain %Truck %Ry oy f = VIPHF X fyy X1,
Freeway 2089 0.95 Lavel 19 0 0.913 1.00 2408
Ramp 342 0.95 Leve! 10 0 0.952 1.00 378
UpStream
DowinStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
V,=V (P, =
- o Vel .FM) Vig = Vg + (Ve - VrIPrp
Lea” (Equation 13-6 or 13-7) Leo™ (Equation 13-12 or 13-13)
Pey = 0.601 using Equation {Exhibit 13-6) Pep = using Equation (Exhibit 13-7)
vy, = 1448 peth Vi = pa/h
V,orV, ’i‘f}o) pe/h (Equation 13-14 or 13- V, 0V, o peh (Equation 1314 or 13-47)
[sVyorV, 4, > 2,700 pch? ™ Yes [ No IsV30rV, 50> 2,700 poi? fu Yes | No
Is Vyr V> 15 V12 1~ Yes I No o Yo Yoy 107 rc}f?er“ o 12:16, 1218
B} c/h (Equation 13-16, 1318, or If YesV,,, = pe/h (Equalion 13-16, 13-18, or
if Yes,¥,,, = ’ g_1 g)( 4 i2a 13-19)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Ve Exhibit 138
Vio 2786 |Exibit138 No  |Yeo=Ve- Vg Exhibit 13-8
; Exhibit 13-
R i0
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Violation? Actual Max Desirable Violation?
Verz 1826 [Exhibit13-8]  4600:A No Vi, Exhibit 138 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
D = 5475 +0.00734 v , +0.0078 V,, -0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Dg=  14.2(pc/mifin} Dp=  (pcimifin)
LOS = B{Exhibit 13-2) LOS = (Exhibit 13-2)
Speed Determination Speed Determination
M= 0.231 (Exibit 13-11) D,=  (Exhivit 13-12)
S.=  63.5mph (Exhibit 13-11) = mph(Exhibit 13-12}
S0 68.3 mph (Exhibit 13-11) 5= mph {Exhibit 13-12)
S = 65.1 mph (Exhibit 13-13} 5= mph (Exhitif 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner FreewayfDir of Trave! Westbound
Agency or Company DOWIL. HKM Junction 6B) Lockwood Off Ramp
Date Performed 102012011 Jurisdiction Yellowstene County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description _ Billings Area 1-90 Corridor Planning Study
Inputs
Upslream Adj Ramp Number of Lanes, N 3 Downstream Adj
v - Acceleration Lane Length, L, Ramp
es On -
Deceferation Lane Length L, 174 " Yes [ On
FNo I Off Freeway Volume, V; 1692 FNo IToff
Lo* ft Ramp Volume, Vi, 750 Looun = ft
Freeway Free-Flow Speed, Sy 70.0
V,=  vehth Ramp Free-Flow Speed, S 66.0 Vo= vehh
Conversion to pc/h Under Base Conditions
{pch) (Ve\r:mr) PHF Terrain %Truck %Ry foy fy v = VIPHF x fy,, X
Freeway 1692 0.88 Level 18 0 0917 1.00 2096
Ramp 750 .88 Level g 0 0.957 1.00 891
UpSiream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig = Ve (Pey) Vig = VR + (Ve - VdPyp
Leg = {Equation 13-6 or 13-7) Leq = {Equation 13-12 or 13-13)
Pest = using Equation (Exhibit 13-6) Pep 7 0.450 using Equation (Exhibit 13-7)
V)= pc/h Vip= 1433 peih
V3 0rV, po/h (Equation 13-14 or 13-17) Va 0r Vs 663 pc/h (Equation 13-14 or 13-17)
18Vy0rV, o >2700pch? [ Yes [ No IsVyorV, .o > 2700 pch? I vas ¥ No
I5Vy0rV, 0> 15°V,)2 [~ ves ™ No s Vy 0 Vg > 154 V02 [~ Yes ¥ No
- pc/h {Equation 13-16, 13-18, or _ pc/h (Equation 13-16, 13-18, or 13-
ifYos,V,,, 13-19) It Yes,Vyy, 19)
Capacity Checks Capacity Checks
Aclizal Capacity LOSF? Actual Capacity LOSF?
Ve 2096 Exhibit 13-8 7200 Ne
Veg Exhibit 13-8 Ve = Ve-Ve!| 1205 Exhibit 138 | 7200 No
Vi 891 Exhibit 13-10| 4400 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Aclual Max Desirable Violation?
Vaiz Exhibit 13-8] Vi, 1433 Exhibil 138 | 4400A1 | o
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5.475 + 0.00734 v o + 0.0078 V, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Op=  (pc/mifin) D= 134 {pclmifin)
L0S= {(Exhibit 13-2) LOS= B (Exhibit 13-2)
Speed Determination Speed Determination
Mg=  (Exibit 13-11) D= 0.079 (Exhibit 13-12)
Se=  mph (Exhibit 13-11) Sk=  67.8mph (Exhibit 13-12)
S mph (Exhibit 13-11) 5= 76.8 mph (Exhibit 13-12)
S = mph {Exhibit 13-13) S= 70.4 mph (Exhibit 13-13)
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BASIC FREEWAY WORKSHEET

Page | of 1

BASIC FREEWAY SEGMENTS WORKSHEET
General Information |Site Information
Analyst David Stoner Highway/Direction of Travel Eastbound
Agency or Company DOWL HKM From/To 7) Lackwoad to Johnson
I Yellowstone County
Date Performed 10/20/2011 Jurisdiction Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area 1-90 Corridor Planning Study
J* Oper.(LOS) I Des.(N) I Planning Data

Flow Inputs
Volume, V 2121 veh/h Peak-Hour Factor, PHF 0.85

AADT veh/day %Trucks and Buses, P 18
Peak-Hr Prop. of AADT, K %RVs, Py 0
Peak-Hr Direction Prop, D Generat Terrain: Level
DDHV = AADT xKx D veh/h Grade % Length mi

Up/Down %

Calculate Flow Adjustments

f, 1.00 Er 1.2

Ey 1.5 fry = WIHPEL - 1) + PR(EL - 110.930
Speed Inputs Calc Speed Adj and FFS
Lane Width ft
Ri-Side Lat. Clearance ft fw mph
Number of Lanes, N 3 fio mph
Total Ramp Density, TRD rampsimi [ TRD Adjustment mph
FFS (measured) . 72.2 mph FES 792 mph
Base free-flow Speed, moh
BFFS P
LOS and Performance Measures Design (N)

Design (N)

Operational {LOS) Desian LOS
v = (V or DDHV) / (PHF x N x ., on

P 800 pcihfin v, = (V or DDHV) / (PHF x N x f,,,,
X fo) ) po/hin
S 70.0 mph P

. S mph
D= vplS 11.4 pe/mifln D=v /S o/min
LOS B p P
Required Number of Lanes, N

Glossary Factor Location
N - Number of lanes S -Speed Eg, - Exhibits 11-10, 11-12 fyy - Exhibit 11-8
V' - Hourly volume IE’FS' DFG”S“V o [FreExhibits 1190, 4411, 4143 - Exhibit 11-9
v, -Flowrate . - Free-flow spee f - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow .
speed LOS, S, FFS, v, - Exhibits 11-2,
DDHYV - Directional design hour volume 11-3
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BASIC FREEWAY WORKSHEET

Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information |Site Information
Analyst David Stoner Highway/Direction of Travel Westbound :
Agency or Company DOWL HKM From/To 12, #ngWOOd fo Johnson
Date Performed 10/20/2011 Jurisdiction A};’eﬂowstone County

ontana
Anaiysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area I-90 Corridor Planning Study
[ Oper{LOS) I Des.(N} I Planning Data

Flow Inputs

olume, V 2408 veh/h Peak-Hour Factor, PHF 0.88

AADT veh/day %Trucks and Buses, Py 15

Peak-Hr Prop. of AADT, K %RVs, Pg 0

Peak-Hr Directlion Prop, D General Terrain: Level

DDHY = AADT x K x D veh/h Grade % Length mi

Up/Down %

Calculate Flow Adjustments

f, 1.00 Eg 1.2

= 1.5 fyy = VHHPL(E - 1) + P(Eg - 110.930

Speed Inputs [Calc Speed Adj and FFS

Lane Width ft

Rt-Side Lat. Clearance ft fw mph
Number of Lanes, N 3 fic mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
FFS {measured) 73.6 mph FFS 73.6 mph
Base free-flow Speed, moh
[BFFS P
[LOS and Performance Measures Design (N)

Desian (N)

Operational (LOS) Desian LOS
v = (V or DDHV) / (PHF x N x fyy, 9

P 981 pefhiin v, = (V or DDHV) / (PHF x N x f,,,

X f) pr ) pe/hfin
S 75.0 mph P

) S mph

D=v,/S 13.1 pe/mifin D=v /S .

| oS g = V? pcfmifin

Required Number of Lanes, N

Glossary Factor Location

N - Number of lanes S - Speed Er - Exhibits 11-10, 11-12 f,y - Exhibit 11-8
V' - Hourly volume D - Density Ey - Exhibits 11-10, 14-11, 1113 f,, - Exhibit 11-9
Vo - Flow rate ‘ FFS - Free-flow speed f - Page 11-18 TRD - Page 14-11
LOS - Level of service BFFS - Base free-flow [P .

speed LOS, S, FFS, v, - Exhibils 11-2,

DDHV - Directional design hour volume 11-3
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page | of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stonsr Freeway/Dir of Travel Easibound
Agency or Company DOWL HKM Junctien 7E) Johnsen Lane Off Ramp EB
Date Performed 71972011 Jurisdition Yellowstone County Montana
nalysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area -90 Corridor Planning Study
Inputs
Upstream Adj Ramp Number of Lanes, N 3 Downsiream Adj
Acceleration Lane Length, L, Ramp
MYes [ On ) .
Deceleration Lane Length L, 208 MYes 1 On
F No ™ of Freaway Volume, V, 1689 [+ No ™ OF
L= t Ramp Volume, Vg 538 Lo = ft
Freeway Free-Flow Speed, S, 70.0
Vo= vehth Ramp Free-Flow Speed, Sq 67.3 Vp = vehih
Conversion to pc/h Under Base Conditions
{pc/h) (Ve\I:Ih ) PHF Terrain %Truck %Ry fry f, v = VIPHF x fiy, x
Freeway 1689 0.92 Level 16 0 0.926 1.00 1983
Ramp 538 0.96 Level 13 0 0.939 1.00 597
UpStream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig = Ve (Pey) Vig = Vg + (Ve - VRIPp
Leg = {Equation 13-6 or 13-7} Leq = (Equation 13-12 or 13-13)
Peu = using Equation  (Exhibit 13-6) Pry = 0.450 using Equation (Exhibit 13-7)
V12 = pc]h V12 = 1221 pC."h
Va0V, 0 pe/h {Equation 13-14 or 13-17) Va O V0 762 pcih (Equation 13-14 or 13-17)
15 V3 0 V0 > 2700 pelt? [~ Yes [ No I5 V3 0r V.00 > 2700 pcf? I Yes I No
IsVaor Vs > 15 Vi2 [ Yes I No IsV30rV, 00> 157 V2 T7 Yes I No
- pofh (Equation 13-16, 13-18, or - pcth (Equation 13-16, 13-18, or 13-
if Yos,V,,, 13-19) IfYes,Vy,, 19)
Capacity Checks Capacity Checks
Actual Capacily LOS F? Actual Capacity LOS F?
N 1983 Exhibit 138 | 7200 No
Veo Exhibit 13-8 Vg =Ve-Vg| 1386 Exhibit 13-8 | 7200 No
Vg 597 Exhibil 13-10] 4400 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Victation? Aclual Max Desirable Violation?
Vr12 Exhibit 136! Vi, 1221 Exhibit 13-8 I 4400:All No
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dy =5.475+ 000734 v , + 0.0078 V,, - 0.00627 L D =4.252 + 0.0086 V,, - 0.009 L,
D= (pcfmifin} D= 11.0 {pc/mifin)
t0S=  {Exhibit 13-2} LOS = B (Exhibit 13-2)
Speed Determination Speed Determination
Mg=  (Exibit 13-11) = 0.082 (Exhibit 13-12)
Se=  mph (Exhibit 13-11) ]S 883 mph (Exhibit 13-12)
;= mph (Exhibit 13-11) Sg=  76.8 mph (Exhibit 13-12)
S = mph (Exhibit 13-13) = 71.3 mph {(Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET Page 1 of |
RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner FreawayiDit of Travel Weslbound
Agency or Company DOWL HKM Junction 7A} Johnson Lane On Ramp
Date Performed 10/20/2011 Jurisdiction Yellowslone County Montana
Inalysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area I-20 Corridor Planning Sludy
Inputs
(Jpsiream Adj Ramp Number of Lanes, N 3 Downstream Adj
A\coeleration Lane Length, L, 750 Ramp
MYes | On )
Deceleralion Lane Lenglh L, TYes [ On
FNo T oOff Freeway Volume, Vi 964 FNo I Off
- o Ramp Volume, V, 141 - dowen = ft
Freeway Free-Flow Speed, S, 69.9
Vi = veh/h Ramp Free-Flow Speed, S 64.9 Vo = veh/h
Conversion to pc/h Under Base Conditions
{pefh) (v e\rflh ) PHF Tervain %aTruck %Ry fv fo v = VIPHF x fip, X 1)
Freeway 964 0.84 Level 14 0 0.935 1.00 1228
Ramp 1471 0.87 Level 16 0 0.926 1.00 1826
UpStream .
BownStream
Merge Areas Dlverge Areas
Estimation of v, Estimation of v,
V,=V.(P =
) 127 Ve { i ) Vi = Vg +{VE - V)P
Leo (Equation 13-6 or 13-7) Leg = {Equation 13-12 or 13-13)
PFM = 0.588 using Equation (Exhibit 13-6) PFD = using Equation {Exhibit 13-7)
Vi, = 735 pcih . V,, = pc/h
V301V, 0 19;3) pc/h (Equation 13-14 or 13- Va0r Vg pefh (Equation 13-14 or 13-17)
IsVaorV, -, > 2700 pch? ™ Yes ¥ No Is VyorV, ., > 2700 pem? [~ Yes | No
Is V3 or Va,,.34> i5 fv12,|2 r—' Yes p,— No Is V3 OrVav34> 15 iVm}z r Yes r NO
c/h (Equation 13-16, 1318, or If Yes,V,,, = pefh (Equalion 13-16, 13-18, or
IFVes,V,y, = Ao 1348, Vizs 13-19)
Capacity Checks Capacity Checks
Aclual Capacity 1L.OS £2 Actual Capacity LOSF?
Ve Exhibit 13-8
Veo 3054 [Exhibit 138 No  [Vro=Ve-Vi Exhibit 13-8
v Exhibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Violation? Actuat Max Desirable Violation?
Vriz 2561 Exhibit 13-a| 4600:A1 No Vi, Exhibit 13-8 |
L evel of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5.475+0.00734 v  +0.0078 V,, - 0.00627 L, Dg = 4.252 + 0.0086 V., - 0.008 L
Dg=  18.9 (pc/mifin} Dr=  {pc/mifin)
L0S= B{Exhibit 13-2) LOS=  (Exhibit 13-2)
Speed Determination Speed Determination
Mg=  0.274 (Exibit 13-11) .= {Exhibit 13-12)
Se= 62,3 mph (Exhibit 13-11) g=  mph(Exhibi 13-12)
S5 69.9 mph (Exhibit 13-11) o= mph (Exhibil 13-12)
S = 63.4 mph (Exhibit 13-13) = mph (Exhibit 13-13)
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Appendix 5
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information

Site Information

Anatyst David Stoner Freaway/Dir of Travel Eastbound
IAgency or Company DOWL HKM Junclion 3D) West Billings On Ramp
Date Performed 71912011 Jurisdiction Yellowstone County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Descriplion  Bilings Area 1-80 Corridor Planning Study
inputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
- - Acceleration Lans Length, L., 1500 Ramp
Y On
e Deceleration Lane Length L, yes [ On
¥ No I off Freeway Volume, V, 834 F No ™ off
e A Ramp Yolume, Vy, 45 Lgoun = ft
Freeway Free-Flow Speed, S 70.0
[V, = veh/h Ramp Free-Flow Speed, Sy, 700 Vi = veh/h
Conversion to pe/h Under Base Conditions
{pcih) WGXM PHF Terrain %Truck %Ry frev fo Vv = VIPHF x f,,, x {,
Freeway 834 0.82 Level 22 0 0.9M .95 1188
Ramp 45 0.80 Levef 5 0 0,976 0.95 61
UpSiream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
V,=V. (P -
. 1= Ve ( .FM) Vi =V + (Ve - V)P
Leo = (Equation 13-6 or 13-7) — (Equation 13-12 or 13-13)
Pey = 0619 using Equation (Exhibit 13-6} P = using Equation {Exhibit 13.7)
Vy0rV, a4 15?) pe/h (Equation 13-14 or 13- V301V, peh (Equation 13-4 or 13-17)
15VyorV, 4, > 2700 pch?{ Yes ¥ No s Vi0rV, > 2,700 peih? |~ es [ No
IsVyorV, ., > 15*V,2 [~ Yes 7 No 18 V307 Vg > 15 Vip2 7 Yes [ No
: ) _ ¢/h {Equation 13-16, 13-18, or
. pcih (Equation 13-16, 13-18, or IfYesV,,, = P '
(Yes,V,,, = 1549) 12 13-19)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOSF?
Ve Exhibit 13-8
Veo 1249 |Exhibit 13- No  {Vro=VE-VR Exhibit 13-8
v, Exhibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Viclation?
Vara 797 |exnibit13-6]  as00A No Vi Exhibit 138 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dp = 5.475 +0.00734 v o + 0.0078 V,, - 0.00627 L, Dy =4.252 + 0.0086 V,, - 0.008 L,
Dp= 23 (pceimifn) De=  (pcimifin)
[0S = A(Exhibit 13-2) LOS = (Exhibit 13-2)
Speed Determination Speed Determination
Mg=  0.120 (Exibit 13-11) D= (Exhibit 13-12)
S.=  66.6 mph (Exhibit 13-11) S.=  mph (Exhibit 13-12)
5= 70.0 mph (Exhibil 13-11) 5= mph (Exhibit 13-12)
S = 67.8 mph (Exhibit 13-13) S = mph (Exhibit 13-13}
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BASIC FREEWAY WORKSHEET

Page | of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information |Site Information
Analyst David Stoner Highway/Direction of Travel Eastbound '
Agency or Company DOWL HKM From/{To gF) West Billings Over Part
Date Performed 771172011 Jurisdiction Igﬁ;vr?;one County
IAnalysis Time Period Peak Hour Analysis Year 2036

Project Description  Billings Area I-80 Corridor Planning Study

I Oper.(LOS) I Des.(N) I Planning Data

Flow Inputs
Volume, V 861 veh/h Peak-Hour Factor, PHF 0.82

AADT veh/day %Trucks and Buses, P 22

Peak-Hr Prop. of AADT, K %RVs, Py 0

Peak-Hr Direction Prop, D General Terrain: Level

DDHV = AADTx K x D veh/h Grade % Length mi

Up/Down %

Calculate Flow Adjustments

fy 0.95 Eq 1.2

Ey 1.5 fry = V1P (Eq - 1) + Pp(Ep - 110.907

Speed Inputs Calc Speed Adj and FFS

Lane Width ft

Rt-Side Lat. Clearance ft fow mph
Number of Lanes, N 2 fic mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
FFS (measured) 70.0 mph FFS 70.0 mph
Base free-flow Speed, mph

BFFS

LOS and Performance Measures Design (N)

Operational {(LOS) gi_!:;:_f_%ls

v, = (V or DDHV) / (PHF x N x ), ”

613 pe/h/in v, = (V or DDHV}/ {PHF x N x f,,,
) xpf ) peftiin
S 70.0 mph o P mph
D= Vp /S 8.8 pc/mifin D=v /S po/mifin
LOS A P
Required Number of Lanes, N

Glossary Factor Location

N - Number of lanes S - Speed Er, - Exhibits 11-10, 11-12 fly - Exhibit 11-8
V. - Hourly volume D - Density E; - Exhibits 11-10, 11-41, 1113 f - Exhibit 11-9
ZF())S- F—IOLM(;\I:Etif service gll::IS:S— f‘::i‘;‘:;?;:v‘j fp - Page 1118 TRD - Page 11-11
speed LOS, 8, FFS, v,, - Exhibits 11-2,

DDHY - Directional design hour volume 11-3

Copyright @ 2010 University of Florida, All Righls Reserved

HCS 2010™  version 6.2

file://C:\Users\dstoner\AppData\Local\Temp\f2kE6A C tmp

Generated: 12/21/2011  8:05 AM

12/21/2011



Billings Area I-90 Corridor Planning Study

Improvement Options Report

Appendix 5

Improvement Options Operational LOS
Analysis Sheets

Option U-4b




RAMPS AND RAMP JUNCTIONS WORKSHEET

Page | of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET

18 Vo 0r V¥, 00 > 2700 peh? T~ Yes T No

IsV30r V00> 15°V2 17 Yes I No
pcih (Equation 13-16, 13-18, or

b8V, 0f Voo > 2700 pe/h? [ Yes ¥ No
[sVq0rV, 0> 15* V2 |7 ves ¥ No

General Information Site Information
Analyst David Stoner Freaway/Dir of Travel Eastbound
Agency or Company DOWL HKM Jungtion 3E} West Billings Off Ramp EB
Date Performed 10/20/2011 Jurisdiction Yellowstone County Montana
[Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Bifiings Area 1-90 Corridor Plapning Study
Inputs

Upstream Adj Ramp Number of Lanes, N 3 Downslream Adj

Acceleration Lane Length, L, Ramp
T Yes [ On .
Decefsration Lane Length L, 121 MYes [ On
" No I Off Freeway Volume, Vi 834 ¥ No I of
by ft Ramp Volome, Vp, 1846 Lggn = it
Freeway Free-Flow Speed, Sy 70.0

Vo= veh/h Ramp Free-Ftow Speed, Sen 70.0 Vo= vehih

Conversion to pc/h Under Base Conditions
(pcih) (Ve:mr) PHF Terrain %Truck %Ry fuv fy v = VIPHF x fy,, x f,
Freeway 834 0.82 Level 22 0 0.901 0.95 1188
Ramp 1846 0.82 Level 3 0 0.965 0.95 2405
UpStream
DownSiream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vip = Ve (Pry) Viz=Vr * (Vg - VrlPgp

Leq = (Equation 13-6 or 13-7) — (Equation 13-12 or 13-13}
Pen = using Equation (Exhibit 13-6) Pep = 0.620 using Equation {Exhibit 13-7)
Vip® peih Vip = 1851 pofh
V3 01 V,une pc/h (Equation 13-14 or 13-17) V0rV, as -463 pcih (Equation 13-14 or 13-17)

pe/h (Equation 13-16, 1318, or 13-

[ Yes,Vy,, = 13-19) if Yes,V,, = 19)
Capacity Checks Capacity Checks
Acloal Capacity LOS £2 Aclual Capacity LOS F?
Ve 1188 Exhibit 13-8 7200 No
Vo Exhibit 13-8 Veo =VE-Vg| 1217 | Exhibit138{ 7200 No
Vg 2405  |Exhibit 1310] 2200 Yeos
IFlow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actuat Max Desirable Violation? Actual Max Desirable Violation?
Viia Exhibil 13-8] Vi, 1651 Exhibit 13-8 | 4400:A No

Level of Service Determination (if not F)

Level of Service Determination (if not F)

Dg = 5.475 +0.00734 v + 0.0078 V,, - 0.00627 |,

Dy = 4.252 + 0.0086 V,, - 0.009 L,

Og=  (pofmifin) Dg= 174 (po/mifin}

LOS=  (Exhibit 13-2) L0S=  F (Exhibit 13-2)
Speed Determination Speed Determination
My=  (Exibit 13-11) D,=  0.189 (Exhibit 13-12)
Se=  mph (Exhibit 13-11) Sy=  84.7 mph (Exhibit 13-12)
Se=  mph (Exhibit 13-11) S 76.8 mph (Exhibit 13-12)
S = mph {Exhibit 13-13) S = 61.0 mph (Exhibit 13-13)

Copyright ® 2010 University of Florida, All Rights Reserved

file://C:\Users\dstoner\AppData\Local\Temp\r2k88F6.tmp

HCS2010™ varsion 6.2

Generated: 121192011 438 PM

12/19/2011




RAMPS AND RAMP JUNCTIONS WORKSHEET

Page | of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner Freeway/Dir of Travel Westbound
IAgency or Company DOWL HKM Junction 3B} West Billings Off Ramp
Date Performed 71202011 Jurisdiction Yallowstone County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area 1-80 Corridor Planning Study
Inputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
. Acceleration Lane Length, L, Ramp
[MYes [T On . " -
Deceleration Lane Lenglh L, 150 {"Yes 17 On
¥ No I off Freeway Volume, V. 1319 FNo I of
Lup - ft Ramp Volume, Vi, 1754 Loy = ft
Freeway Free-Flow Speed, 8y, 70.0
Vy=  vehh Rarmp Free-Flow Speed, S 66.6 Vo= vehh
Conversion to pc/h Under Base Conditions
{pcin) (v e‘F:fh ) PHF Terrain %Truck %Ry Ty f Vv = VIPHF x fyy X,
Freeway 1319 0.93 Level 18 0 0.917 0.95 1627
Ramp 1754 0.85 Level 3 0 0.985 1.00 2094
LipStream
DownSiream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vio = Ve (Pry) Vig = Vr + (Vi - VRIPep
Lo ™ (Equation 13-6 or 13-7) Leo = (Equation 13-12 or 13-13)
Pew ™ using Equation (Exhibit 13-6) Pep = 0.623 using Equation (Exhibit 13.7)
V12 = pth V12 = 1803 pCI'h
V,0r Vo peth (Equalion 13-14 or 13-17) Vy 00V, 0 -176 pe/h (Equation 13-14 or 13-17)
IsVyorV, -, > 2700 pch? I Yes I No IsVy0rV, 44> 2,700 pch? |~ Yas ¥ No
IsVyorV, e, > 15°Vif2 I Yes I No IsVy0r Vy 5y > 15 V2 [~ Yes 7 No
- peih (Equation 13-186, 13-18, or _ pc/h (Equation 13-16, 13-18, or 13-
It Yos,V,., 1319) [If Yes,Vyz, 19)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Ve 1627 Exhibit 13-8 7200 No
Veg Exhibit 13-8 Veo=Ve-Vo| 467 | Exhibit13-8] 7200 No
Ve 2094 Exhibit 13-101 2200 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Vara Exhibit 13-8] Vi, 1803 Exhibit 138 | 440041 | Mo
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5475+ 0.00734 v , + 0.0078 V,, - 0.00627 L, D = 4.262 + 0.0086 V,, - 0.009 L,
Dr= (pc/mifln) Dg=  18.4 (pc/mifin)
LOS = (Exhibit 13-2) LOS= B (Exhibit 13-2)
Speed Determination Speed Determination
Mg = (Exibit 13-11) 0. = 0.180 (Exhibit 13-12)
Se=  mph (Exhibit 13-11) Sp= 650 mph (Exhibit 13-12)
S;=  mph (Exhibit 13-11) S¢=  76.8 mph (Exhibit 13-12)
S = mph (Exhibit 13-13) S = 63.9 mph {Exhibit 13-13)
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BASIC FREEWAY WORKSHEET Page 1 of |

BASIC FREEWAY SEGMENTS WORKSHEET
General Information |Site Information
Analyst David Stoner Highway/Direction of Travel Eastbound
Agency or Company DOWL HKM From/To 3C) West Billings Over
Date Performed 771172011 Jurisdiction Yellowstone County
Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area I-90 Corridor Planning Study
I Oper.(LOS) I Des.(N) I Planning Data
Flow Inputs
Volume, V . 834 veh/h Peak-Hour Factor, PHF 0.82
AADT veh/day %Trucks and Buses, Py 22
Peak-Hr Prop. of AADT, K %RVs, Pg 0
Peak-Hr Direction Prop, D General Terrain; Level
DDHV = AADT xKx D veh/h Grade % Length mi
Up/Down %
Calculate Flow Adjustments
f, 0.95 Ex 1.2
E, 1.5 fuy = WHPHEL - 1) + PR(Eg - 110.901
Speed Inputs Calc Speed Adj and FFS
i.ane Width ft
Rt-Side Lat. Clearance ft o mph
Number of Lanes, N 3 fle - mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
FFS (measured) 75.0 mph FFS 75.0 mph
Base free-flow Speed, moh
BFFS P
LOS and Performance Measures Design (N)
Design {N)
Operational (LO3) Desian LOS
v, = (V or DDHV) / (PHF x N X fy, g
396 pethifin v, = (V or DDHV) / (PHF x N x f,,,
X fp) kf) pe/iiin
S 75.0 mph P
D=v /S 5.3 pcfmifin mph
? ‘ D = Vp /S pc/miflin
LOS A ‘
Required Number of Lanes, N
[Glossary Factor Location
N - Number of lanes S - Speed Er, - Exhibits 11-10, 11-12 f,y - Exhibit 11-8
V' - Hourly volume D - Density E; - Exhibits 11-10, 11-11, 11413 f,, - Exhibit 11-9
Vo - Flow rate ‘ FFS - Free-flow speed fp - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow .
speed LOS, S, FFS, v, - Exhibits 11-2,
DDRYV - Directional design hour volume 11-3
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BASIC FREEWAY WORKSHEET

Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information [Site Information
Analyst David Stoner Highway/Direction of Travel Westbound
Agency or Company DOWL HKM From/To 3C) West Billings Over
- Yellowstone County
Date Performed 7711/2011 Jurisdiction Montana
nalysis Time Period Peak Hour Analysis Year 2035

Project Description  Billings Area I-90 Corridor Planning Study

I¥" Oper.(LOS) ™ Des.(N)

I~ Planning Data

Flow Inputs

DDHYV - Directional design hour volume

Volume, V 1319 veh/h Peak-Hour Factor, PHF 0.93

AADT vehfday %Trucks and Buses, Py 18

Peak-Hr Prop. of AADT, K %RVs, Py 0

Peak-Hr Direction Prop, D General Terrain: Level

DOHV = AADT XK x D veh/h Grade %  Length mi

Up/Down %

[Calculate Flow Adjustments

fy 0.95 Er 1.2

Ey 15 fry = VO+PH(EL - 1) ¢ Pp(FR - 110.917

Speed Inputs [Calc Speed Adj and FFS

.ane Width ft

Rt-Side Lat. Clearance ft fluw mph
Number of Lanes, N 3 fle mph
[Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
FFS (measured) 73.7 mph FES 73.7 mph
|Base free-flow Speed, moh

BFFS P
[LOS and Performance Measures Design (N)
Design (N)
Operational (LOS) Desian LOS
v, = (V or DDHV) / (PHF x N X f, 9
542 pe/bfin v, = (V or DDHV) /(PHF x N x f,,,
X fp) 1) pe/hfin
S 75.0 mph P h
m
D=v,/S 7.2 pomitn |1 p] »
= Cimifn
LOS A P P
Required Number of Lanes, N

|Glossary |[Factor Location

N - Number of lanes S - Speed Er, - Exhibits 11-10, 11-12 fLyy - Exhibit 11-8
V' - Hourly volume D - Density Ey - Exhibils 11-10, 11-11, 1113 . - Exhibit 11-9
Vo - Flow rate ' FFS - Free-flow speed - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow [P o

speed LOS, S, FFS, Vp - Exhibits 11-2,

11-3
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of |

RAMPS AND RAMP JUNCTIONS WORKSHEET

BVY50rV, 5> 2700 peh? I Yes ¥ No
tsVyorV, s> 15" V2 T ves & No

pc/h (Equation 13-16, 13-18, or

General Information Site Information

Analyst David Stoner Freeway/Dir of Travel Eastbound

Agency or Company DOWL HKM Junction 3D) West Billings On Ramp

Date Performed 7192011 Jurisdiction Yellowstone County Montana

Analysis Time Period Peak Hour Analysis Year 2035

Project Description  Billings Area i-80 Corridor Planning Study

Inputs

Upsiream Adj Ramp Number of Lanes, N 3 Downstream Adj
Acceteration Lane Lenglh, L, 415 Ramp

{"Yes [ On .
Deceleration Lane Length L, fYes [ On

""No I Off Freeway Volume, V; 834 ' Ne I Off

oo™ f Ramp Volume, Vi 45 Lo = fi
Freeway Free-Flow Speed, S 70.0

v, = vehth Ramp Free-Flow Speed, S 70.0 Vo= vehh

Conversion to pc/hr Under Base Conditions

{po/h) i e\t{!hr} PHF Terrain %Truck %Ry friv fo V= VIPHF Xy, x 1)

Freeway 834 0.82 Level 22 0 0.901 0.95 1188

Ramp 45 0.80 Level & 0 0.976 0.95 61

UpSiream

DownStream
Merge Areas Dlverge Areas

Estimation of v, Estimation of v,

) Vie™ Ve (Pr) Vi = Vg + (Ve - Ve)Pro

Lea” (Equation 13-6 or 13-7) Ceq ™ (Equation 13-12 or 13-13)

eyt = 0589 using Equation (Exhibit 13-6) Pep = using Equation {Exhibit 13-7)

V., = 700 pcih . 1 Vi, = pcih

Vy 01V, 4 ‘1‘873) pe/h {Equation 13-14 or 13- VoV, poih (Equation 13-14 or 13-17)

8 Vy0r Ve > 2700 pe/i? [ Yes 17 No
IsViorV, »,>15*V,2 7 Yes T No

fYesVi,, =

pc/h {Equation 13-16, 13-18, or

IfYes,V,,, = 13-19) 13-19)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Aclual Capacily LOSF?
Ve Exhibit 13-
Veo 1249 [Exhibit 13-8 Mo |[Vro=Ve-Vr Exhibit 13-8
v Exfibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actuat Max Desirable Violation?
Vara 761 |exnibit138]  d600:Al No vV, Exhibit 138 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
D =5.475 +0.00734 v o +0.0078 V,, - 0.00627 L, Dy = 4.252 + 0.0086 V,, - 0.009 L,
Dp= 8.8 (pcimifin) Dp=  {pc/mifin)
LOS= A (Exhibit 13-2) LOS=  (Exhibit 13-2)
Speed Determination Speed Determination
M= 0.271 (Exibit 13-11) D,=  (Exhibit 13-12)
Se=  62.4 mph {Exhibit 13-11) Sg=  mph (Exhibit 13-12)
Sp= 70.0 mph (Exhibit 13-11) So= mph (Exhibit 13-12)
S = 65.2 mph (Exhibit 13-13) S = mph (Exhibit 13-13)
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BASIC FREEWAY WORKSHEET Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information |Site Information

Analyst David Stoner Highway/Direction of Travel Fastbound

Agency or Company DOWL HKM From/To gF) West Billings Over Part
Date Performed 7/11/2011 Jurisdiction Yoflowstorne County
Analysis Time Period Peak Hour Analysis Year 2035

Project Description  Billings Area I-80 Corridor Planning Study

I Oper.(LOS) I Des.(N) I” Planning Data

Flow Inputs

Volume, V 861 veh/h Peak-Hour Factor, PHF 0.82

AADT veh/day %Trucks and Buses, Py 22

Peak-Hr Prop. of AADT, K %RVs, P, 0

Peak-Hr Direction Prop, D General Terrain: Level

DDHY = AADT x Kx D veh/h Grade % Length mi

Up/Down %

Calculate Flow Adjustments

f 0.95 Ex 1.2

Er 1.6 fryy = YI+PHEL - 1)+ Po(Eg - 111 0.901

Speed Inputs Calc Speed Adj and FFS

Lane Width ft

Rt-Side Lat. Clearance ft fw mph
Number of Lanes, N 3 fle mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph

FFS {measured) 70.0 mph FES 70.0 mph
Base free-flow Speed, mph

BFFS

LOS and Performance Measures Design (N)

QOperational (LOS) ﬁg:_%s

v, = (V or DDHV}/ (PHF x N x fiy, ~

409 pcfhfin v, = (V or DDHV) / (PHF x N x frv

x f) xpf ) pc/h/in

S 70.0 mph s P mph

D= vplS 5.8 pcimifin D=v /S oc/mifln
LOS A P

Required Number of Lanes, N

Glossary Factor Location

N - Number of lanes S - Speed £ - Exhibits 11-10, 11-12 f,y - Exhibit 11-8
V- HF‘I’”"V ":"“me EFS' D;"S“: 4 [Er-Exuibis 1910, 1141, 4143 fg - Exhbit 119
v, - Flow rate - Free-flow spee

LFEJS - Level of service BFFS - Base freef)ﬂow fp ~Page 11-18 o TRD - Page 11-11
speed LOS, S, FFS, Vp - Exhibits 11-2,

DDHYV - Directional design hour volume 11-3 '
Copyright © 2010 Universily of Florida, All Rights Reserved HCS 2016™ Version 6.2 Generated: 12/19/2011 4:28 PM
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page | of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information

Site Information

Analyst David Stoner Freeway/Dir of Travel Eastbound
Agency or Company DOWL HKM Junction 3G} W Bitlings On Ramp @ Mullo
Date Performed 111152011 Jurisdiction Yellowstone County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Descripfion  Billings Area [-90 Cotridor Planning Study
inputs
Upstream Adj Ramp Number of Langs, N 3 Downstream Adj
- - Acosleration Lane Length, L, 1500 Ramp
Y On
°s Deceleration Lane Lenglh L, "Yes [ On
I No I off Freeway Volume, V, 861 " No [ Off
L, it Ramp Volume, V,, 1307 Lo = ft
Freeway Free-Flow Speed, S 700
Vo = veh/h Ramp Free-Flow Speed, Sy 65.0 Vo = veh/h
Conversion to pc/h Under Base Conditions
(poh) n e\r{.'hr) PHF Terrain %Truck %Ry fyyy f, = VIPHF x fyyy X f,
Freeway 861 0.82 Level 22 0 0.901 0.95 1227
Ramp 1307 .80 Level 5 0 0.976 0.95 1763
UpStream
DowaSlream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig® Ve (Pey) Vig =V # (Ve - VrlPrp
LEQ = (Equat[on 13-6or 13'7) LEQ (Equation 13-12 or 13_13)
Pen = 0.619 using Equation (Exhibit 13-6) P ™ using Equation {Exhibit 13-7)
vy, = 760 po/h Vi = peh
V, 0V, o0 ‘;E;?) po/h (Equation 13-14 or 13- V30V, pch (Equation 1314 or 13-17)
18 Vy 0F V00 > 2700 p6? [ Yes ¥ No BVyorV, 44> 2700 pcth? [~ Yes 1 No
5V 0V, 0> 15*V,J2 T Yes ¥ No Is V307 Vyqe > 15 V1/2 [ Yes 17 No
. _ c/h (Equation 13-16, 13-18, or
Yes.V,, = 12?42 )(Equauon 13-16, 13-18, or If Yes\V,,, = R )( q
Capacity Checks Capacity Checks
Actual Gapacity LOS F? Actual Capacity LOSF?
Ve Exhibit 13-8
Veo 2990 | Exhibit 13-8 Mo |[Vro=Ve-Vr Exhibit 13-8
v Exhibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Ver 2523 [Exnioit13-8]  4600:A No V., Exhibit 138 |
Level of Service Determination (if not F) Level of Service Determination (if not F)

Dy =5.475 +0.00734 v  +0.0078 V,, - 0.00627 L,,

D = 4.252 + 0.0086 V,, - 0.009 L,

Dg=  14.9 {pc/mifin} Dr=  (pc/mifin)

LOS=  B{Exaibit 13-2) LOS=  (Exhibit 13-2)
Speed Determination Speed Determination
M= 0.175 (Exibit 13-11) ,=  (Exhibit 13-12)

Se=  65.1 mph (Exhibit 13.11) g=  mph (Exhibit 13-12)
50 70.0 mph (Exhibit 13-11) 0~ rph (Exhibit 13-12)

S = 65.8 mph (Exhibit 13-13) = mph {Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner Freeway/Dir of Travel Westbound
Agency or Company BOWL HKM Junction 3B) West Billings Off Ramp
Date Performed 712002011 Jurisdiction Yellowstone Counly Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area 1-90 Corridor Planning Study
Inputs
Upslream Adj Ramp Number of Lanes, N 3 Downstream Adj
Acceleration Lane Length, L, Ramp
"Yes 1 On )
Deceleration Lane Length L, 150 I"Yes [ On
" No I off Freeway Volume, V; 1319  No P off
L= ft Ramp Volume, Vi, 1754 . e
Freeway Free-Flow Speed, S 70.0
Vy=  vehh Ramp Free-Flow Speed, Sep 886 Vo= vehh
Conversion to pc/h Under Base Conditions
(peh) ety | P Terrain YTruck | %R v f, V= VIPHF xfyy xi,
Freeway 1319 0.93 Level 18 0 0917 0.95 1627
Ramp 1754 0.85 Level 3 0 0.985 1.00 2094
UpStream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig = Ve (Pey) Via = Vg + (Ve - Ve)Prp
beg = {Equation 13-6 or 13-7} Leq = (Equation 13-12 or 13-13)
Pru = using Equation {Exhibit 13-6) Pen = 0,623 using Equation (Exhibit 13.7)
V12 = pcfh V12 = 1803 pelh .
Vyor V, o pe/h {(Equation 13-14 or 13-17) ViorV, ., 476 pcfh (Equation 13-14 or 13-17)
tsVa 01V, 00> 2700 pcth? I Yes 7 No lsVoorV, ., > 2700 pe? I Yes 7 No
IsVaorV 4> 15 V2 1" ves I No IsVgorV, > 15"V ,i2 [ ves ¥ No
- pcih (Equation 13-16, 13-18, or o pe/h (Equation 13-16, 13-18, or 13-
|f‘|’&S,‘J’12a 13-1 9) If Yes,Vma 19)
Capacity Checks Capacity Checks
Actual Capagity LOSF? Actual Capacity LOS F?
Ve 1627 Exhibit 1381 7200 No
Veo Exhibit 13-8 Veo = Ve-Vg!| 467 Exhibit 13-8 | 7200 No
Vg 2094 Exhibit 13-10] 2200 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actua Max Desirable Violation? Actual Max Desirable Violation?
Vo Exhibit 1 33‘ Ve 1803 Exhibit 13-8 | 4400:Al No
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dy = 5475+ 0.00734 v + 0.0078 V,, - 0,00627 L, Dr =4.262 +0.0086 V,, - 0.009 L,
O (pcfmifin) Dg = 184 (pc/mifin}
LOS=  (Exhibit 13-2) LOS= 8 (Exhibit 13-2)
Speed Determination Speed Determination
Mg=  (Exibit 13-11) D,=  0.180 (Exhibit 13-12)
Se=  mph (Exhibit 13-11) Sp™ 650 mph (Exhibit 13-12)
S;=  mph (Exhibit 13-11) S~ 76.8 mph (Exhibit 13-12)
S= mph (Exhibit 13-13) S= 63.9 mph {Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner FreswayiDir of Travel Eastbound
Agency or Company DOWL. HKM Junction 4£) South Billisgs Off Ramp EB
Date Performed 711972011 Jurisdiction Yellowstone County Montana
lAnalysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area 1-90 Corridor Planning Study
Inpuis
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
- - cceleration Lane Length, L, Ramp
Y 0] -~
es f Deceferalion Lane Lengih L, 165 "Yes [ On
FNo I Off Freeway Volume, Vi 1621 “No [T off
Ly i Rarp Volume, V,, 783 Lgoun = ft
Freeway Free-Flow Speed, 8, 68.8
Vy=  vehh Ramp Free-Flow Speed, S¢q 700 Vo= vehh
Conversion to pc/h Under Base Conditions
{pcih) (Ve\limr} PHF Terrain %Truck %Rv fupy fy v = VIPHE x f, x
Freeway 1621 0.96 Level 15 0 0.930 0.95 1911
Ramp 783 0.85 Level 5 0 0.976 1.00 944
UpStream
DownSiream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vi = Ve (Pry) Viz = Vg # (Ve - VeIPro
Leq = {Equation 13-6 or 13-7} Leg = (Equation 13-12 or 13-13)
Py = using Equation ({Exhibit 13-6) Peg = 0.669 using Equation (Exhibit 13-7)
vy, = pcth Vi, = 1591 poth
ViorV s pofh (Equation 13-14 or 13-17) Va0rV, o 320 pofh (Equation 13-14 or 13-17)
IsVyorV, > 2700 pchh? [ Yes [ No I8 Vy0r Ve > 2700 pehh? T~ Yes 9 No
IsVa0rV, > 15*V,2 ["ves [ No [sVq0rV, 0> 15V 2 {7 Yes I¥" No
: pc/h {Equation 13-16, 13-18, or N peih (Equation 13-16, 13-18, or 13-
If Yes,Vy,, 13-19) Jif Yes,V,,, 19)
Capacity Checks Capacity Checks
Actual Capacity LOSF? Actual Capacity LOS F?
Ve 1911 Exhibit 138 { 7164 No
Veo Exhibit 13-8 Vea =Ve-Vg| 967 Exhibit 138 | 7164 No
Ve 944 Exhibit 13-10] 2200 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclua! Max Desirable Violation? Actual Max Desirable Violation?
Vers Exhibit 13-8] V, 1591 Exhibit 138 | 4400a1 [ o
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dy = 5.475 + 0.00734 v , + 0.0078 V,, - 0.00627 L, Dg =4.262 +0.0086 V,, - 0.009 L,
Da=  (pc/mifin) D= 16.4 (pc/mifin
LoS=  (Exhibit 13-2) LOS= B (Exhibit 13-2)
Speed Determination Speed Determination
Mg = (Exibit 13-11} ;= 0.058 (Exhibit 13-12)
S mph (Exhibit 13-11) 5= 67.2 mph {Exhibit 13-12)
5= mph (Exhibit 13-11) Sy 75.5mph (Exhibit 13-12)
S = mph (Exhibit 13-13) S= 685 mph (Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner Freeway/Dir of Travel Wesibound
Agency or Company DOWL HKM Junction 4A) South Biflings On Ramp
Date Performed 712012011 Jurisdiction Yellowsicne County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area 1-90 Cordder Planning Study
Inputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
- - Acceleration Lane Length, L, 1500 Ramp
Yi O
o n Deceleration Lane Length L FYes [ oOn
 No I~ off Freeway Volume, Ve 1988 FNo T off
L, it Ramp Volume, V, 552 Lioun = it
Freeway Free-Flow Speed, S, 70.0
Vo = veh/h Ramp Free-Flow Speed, Sy, 67.6 Vo = veh/h
Conversion to pc/h Under Base Conditions
(pcih) (Ve\t:!hr) PHF Terrain %Truck %Ry fry fy v = VIPHF x fi,, x
Freeway 1988 0.93 Level 14 0 0.935 0.95 2408
Ramp 552 0.80 Level 5 0 0.976 0.95 744
UpSlream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
] Vig= Vel F-’FM) Vo = Vg + (Ve - Vg)Pep
beq = (Equation 13-6 or 13-7) beg ™ (Equation 13-12 or 13-13)
Fen ™ 0.619 using Equation (Exhibit 13-6) Peo = using Equation (Exhibit 13-7)
V,, = 1492 pc/h ‘ Vi, = pcih
V01V, %1“75; pcin {Equation 13-14 or 13- V, 01V, 0 pe/h (Equation 13-14 or 13-17)
I5 Vi 07 V, 54 > 2700 ph? [~ Yes 7 No Is V30r Vyyay > 2700 71 Yes I No
fsVyorV, -, > 15*V2 I Yes ¥ No IsVaorV, > 15* Vo2 |7 Yes I Mo
: . . - pe/h (Equation 13-16, 13-18, or
IFYesV,y, = 15-(‘;'2)(Equatlon 13-16, 13-18, or I Yes,V,,, 13-19)
Capacity Checks Capacity Checks
Aclual Capacity LOSF? Actual Capacily LOSF?
Vi Exhibit 13-8
Veo 3152 |Exhibit 13- Mo [Vro=Ve-Vk Exhibit 13-8
v Exhibit 13-
R
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Dasirabla Violation? Aclual Max Desirable Violation?
Ve 223 [Exnibit13-8] 4600 No Vi, Exhibit 13-8 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
D =5475+0.00734 v +0.0078 V,, - 0.00627 L, Dp = 4.252 + 0.0086 V, - 0.009 L,
Dp= 132 (pc/mifin) Dp=  (pc/mifin)
LOS = B{Exhibit 13-2) LOS = (Exhibit 13-2)
Speed Determination Speed Determination
Ms= 0155 (Exibit 13-11) 0,=  (Exhibit 1312}
Se7 65.7 mph (Exhibit 13-11) S= inph (Exhibit 13-12)
S,=  68.5 mph (Exhibit 13-11) Sp=  mph (Exhibit 13-12)
S = 66.5 mph (Exhibit 13-13) S = mph (Exhibit 13-13}

Copyright © 2010 University of Florida, All Rights Reserved

HCS2010™ Version 6.2

file://C:\Users\dstoner\AppData\Local\Temp\r2kFF9C.tmp

Generated: 12/19/2011 4:53 PM

12/19/2011



BASIC FREEWAY WORKSHEET

Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information [Site Information

[Analyst David Stoner Highway/Direction of Travel Eastbound

LAgency or Company DOWL. HKM From/To 4C} South Billings Under
Date Performed 7/11/2011 Jurisdiction Toilowstone County

ontana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area I-90 Corridor Planning Study
[ Oper.(LOS) I Des.(N) I Planning Data

Flow Inputs

Volume, V 1621 veh/h Peak-Hour Factor, PHF 0.96

AADT veh/day %Trucks and Buses, Py 15

Peak-Hr Prop. of AADT, K %RVs, Py . 0

Peak-Hr Direction Prop, D General Terraimn: Level

DDHV = AADT xKxD veh/h Grade % Length mi

Up/Down %

Calculate Flow Adjustments

f, 0.95 Ex 1.2

E; 1.5 Ty = MIHPHEL - 1) + Po(ER - 110.930

Speed Inputs Calc Speed Adj and FFS

Lane Width ft
|R{-Side Lat. Clearance ft fow mph
Number of Lanes, N 3 flo mph
Total Ramp Density, TRD ramps/imi | TRD Adjustment mph
FFS (measured) 73.8 mph FFS 73.8 mph
Base free-flow Speed, moh

BFFS P

LOS and Performance Measures Design {N)

Design (N)
Operationat {L.OS) Desian LOS
v, = (V or DDHV)/ (PHF x N x fi,, g
637 pe/hfin v, = (V or DDHV)/ (PHF x N xf,,,
X fo) k1) pe/hiin
S 75.0 mph < P "
m

D=v,/S 8.5 pormitn |© P

L 0S A = V'.D pcfmifin

Required Number of Lanes, N

Glossary Factor Location

N - Number of lanes S - Speed Eq - Exhibits 11-10, 11-12 fy - Exhibit 11-8
V' - Hourly volume D - Density E, - Exhibits 11-10, 1111, 1113 £, - Exhibit 11-9
Vo - Flow rate . FFS - Free-flow speed ¢ - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow [P o

speed LOS, S, FFS, Vp - Exhibits 11-2,

DDHYV - Directional design hour volume 11-3
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BASIC FREEWAY WORKSHEET

Page 1 of |

BASIC FREEWAY SEGMENTS WORKSHEET

General information |Site Information

Analyst David Stoner Highway/Direction of Travel Westbound

Agency or Company DOWL HKM From/To 4C) South Biflings Under
o Yellowstone County

Date Performed 771172011 Jurisdiction Montana

Analysis Time Period Peak Hour Analysis Year 2035

Project Description  Billings Area 1-80 Corridor Planning Study

v, - Flow rate

LOS - Level of service
speed

DDHV - Directional design hour volume

FFS - Free-flow speed
BFFS - Base free-flow

I Oper{LOS) T~ Des.(N) I~ Planning Data
Flow Inputs
Volume, V 1988 veh/h Peak-Hour Factor, PHF 0.93
AADT veh/day %Trucks and Buses, P 14
Peak-Hr Prop. of AADT, K %RVs, Pg o
Peak-Hr Direction Prop, D General Terrain: Level
DDHV = AADT xKx D veh/h Grade % Length mi
Up/Down %
[Calculate Flow Adjustments
f 0.95 Er 1.2
Er 1.6 fry = VI+PHE - 1) + Pp(Eg - 110.935
Speed Inputs Calc Speed Adj and FFS
Lane Width . ft
Rt-Side Lat. Clearance ft flo mph
Number of Lanes, N 3 fic mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
FFS {(measured) 72.6 mph FFS 796 mph
Base free-flow Speed, moh
BFFS P
[LOS and Performance Measures [Design (N)
Destan {N)
Operational (LOS) Design LOS
v, = (V or DDHV) / {(PHF x N x f,
p= ) HV 803 po/fin v, = (V or DDHV) / (PHF x N x fy,
X fp) i 1) pc/ivin
S 75.0 mph P
. S mph
D= Vo ] 10.7 pc/mifln i
D = Vo /s peimifin
LOS A ;
Required Number of Lanes, N
Glossary |[Factor Location
N - Number of lanes S - Speed E - Exhibits 11-10, 11-12 fy - Exhibit 11-8
/- Hourly volume D -Densily

E; - Exhibits 11-10, 11-11, 11-13
fp - Page 11-18

LOS, S, FFS, Vp - Exhibits 11-2,
11-3

f o - Exhibit 11-9
TRD - Page 11-11
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RAMPS AND RAMP JUNCTIONS WORKSHEET Page 1 of 1
RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
nalyst David Stoner Freeway/Dir of Travel Eastbound
iAgency or Company DOWL HKM Junction 4D} South Billings On Ramp
Date Performed 1012072011 Jurisdiction Yellowstose County Monlana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area 1-90 Corrider Planning Study
Inputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
Acceleration Lane Length, L, 1200 Ramp
Mves [ On )
Deceleration Lane Length 1) MYes 1 On
# No I off Freeway Volume, V. 1621 ¥ No I~ Off
e it Ramp Volume, V, 953 Lion = ft
Freeway Fres-Flow Speed, S, 70.0
Vi = veh/h Ramp Free-Flow Speed, S¢q 68.9 Vo = veh/n
Conversion to pc/h Under Base Conditions
{pcih) (Ve\tfmr} PHF Terrain %Truck Y%Rv foy f v = VIPHF x i,y x £,
Freeway 1621 0.96 Leve) 15 0 0.930 0.95 1914
Ramp 953 0.83 Level 5 0 0.976 1.00 1177
LpStream
BownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Via= Ve (Pry) Vip = Ve + (Ve - V)Prp
Lea™ (Equation 13-6 or 13-7) Leq= (Equation 13-12 or 13-13)
Pen ® 0.611 using Equation {Exhibit 13-6) P = using Equation {Exhibit 13-7)
Vip= 1168 pc/h V., = peth
V01V, a4 :‘;3) pefh (Equation 13-14 or 13- V307V, 0 pefh (Equation 13-14 or 13-47)
15 V; 0 V, 50 > 2700 poin? [~ Yes |9 No I8 V30 V054> 2700 poh? 1™ Yes ™ No
sV, orV, > 15 V2 [~ Yes ¥ No IsVyorV, -, > 164V 512 | C}(ez; r N.o
. ¢/h (Equation 13-16, 13-18, or if Yes V,, = pe/h (Equation 13-16, 13-18, or
{iYesV,, = 12_1 9)( q 12a 13-19)
Capacity Checks Capacity Checks
Actual Capacity LOSF? Actual Capacity LOSF?
Ve Exhibit 13-8
Veo 3088 |Exhibit 138 No  {Vro=VE- Vg Exhibit 13-8
v Exhibil 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Acluaf Max Desirable Violalion? Actual Max Desirable Violation?
Vais 2345 |Exnibit13-6]  as00Al No V., Exhibit 138 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5475 +0.00734 v , +0.0078 V,, - 0.00627 L,, Dy, = 4.252 + 0.0086 V,, - 0.009 L,
Dg= 157 {pelmifin) Dr=  (pc/mifin)
LOS= B (Exhibit 13-2} LOS = (Exhibit 13-2)
Speed Determination Speed Determination
M= 0.196 (Exibit 13-11) D;= {Exhibit 13-12)
Sz 64.5mph (Exhibit 13-11) Sp=  mph (Exhibil 13-12)
5,= 69.1 mph (Exhibit 13-11) S0 miph {Exhibit 13-12)
S = 65.6 mph {Exhibit 13-13) S = mph (Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of |

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner Freeway/Dir of Travel Westbound
lAgency or Company DOWL HKM Junction 48) South Billings Off Ramp
Date Performed 712012011 Jurisdiction Yellowstone County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area I-90 Corridor Planning Study
Inputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
Acceteralion Lane Lengih, L, Ramp
Myes 1 On ‘ -
Deceleration Lane Length L, 200 [TYes [ On
¥ No I~ off Freeway Volume, V, 1988 I No I~ Off
Lup - ft Ramp Volume, Vi 254 Ui ft
Freeway Free-Flow Speed, S, 70.0
V= veh/h Ramp Free-Flow Speed, S, 67.6 Vo= veh/h
Conversion to pc/h Under Base Conditions
{pcih) (Ve‘;!hr) PHF Terrain %Truck %Rv fuy f v = VIPHF x figy [,
Freeway 1988 0.93 Level 14 0 0.935 0.95 2408
Ramp 254 0.77 Level 6 0 0.9M1 0.95 358
UpStream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Via = Ve Py ) Vig = Vg + (Ve - Ve)Pgy
Leg ® (Equation 13-6 or 13-7) Leq = (Equation 13-12 or 13-13)
Pen ™ using Equation (Exhibit 13-6) Pen = 0.683 using Equation (Exhibit 13-7)
V12 = pdh V12 = 1759 pdh
Vo 0f Vo pcih (Equation 13-14 or 13-17} ViorV, 0 849 pc/h (Equation 13-14 or 13-17)
is V3 of Vav34 > 2,100 DCH]? " Yes [ No Is V3 or Vav34 > 2,700 pcfh? I Yes ¥ No
Is Vyor Va3 > 15 V12 1 Yes [ No IV, 01V, 50> 15 V2 T Yes ¥ No
- pcih {Equation 13-16, 13-18, or - pcih {Equation 13-16, 13-18, or 13-
EYes,V,,, 13.19) If Yes,Vy,, 19)
Capacity Checks Capacity Checks
Actual Capacity LOSF? Actual Capacity LOS F?
Ve 2408 Exhibit 13-8 7200 No
Veg Exhibit 13-8 Veo 7 VR-Ve| 2050 Exhibit 13-8 7200 No
Vi 358 Exhibit 13-10] 2200 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Acloal Max Desirable Violation?
Veiz Exhibit 13-4 Vi, 1759 Exhibit13-8 | 44001 [ Mo
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5.475 + 0.00734 v o + 0.0078 V,, - 0.00627 L, Dy = 4.252 + 0.0086 V,, - 0.009 L,
Dg=  {pc/mifin) Dx=  17.6 (pe/mifin)
LOS = {Exhibit 13-2} LOS= B {Exhibit 13-2)
Speed Determination Speed Determination
Mg=  (Exibit 13-11) D,= 0036 (Exhibit 13-12)
Se=  mph (Exhibit 13-11) Sg= 690 mph (Exhibit 13-12)
Si=  mph (Exhibit 13-11) S 76.8 mph (Exhibit 13-12)
S = mph {Exhibit 13-13) S = 70.9 mph {Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner Freeway/Dir of Travel Eastbound
Agency or Company DOWL HKM Junclion 5E) 27th Strest Off Ramp EB
Date Performed 10/20/2011 Jurisdiction Yellowstone County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area 1-80 Corridor Planning Study
Inputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
Acceleration Lane Length, L, Ramp
FYes T On i -
Deceleralion Lane Length Ly 150 "Yes [ On
FNo [ off Freeway Volume, V; 1956 F No I Of
Lup . ft Ramp Volume, Vg 214 Lioun = ft
Freeway Free-Flow Speed, S 700 ‘
V= vehih Ramp Free-Flow Speed, S, 67.3 Vo= vebh
Conversion to pc/h Under Base Conditions
(pet) (Ve‘;m ) | e Tereain %Tuck | %Ry foy £ v = VIPHF xfy x1,
Freeway 1966 0.93 Level 15 0 0.930 1.00 2273
Ramp 214 0.77 Level 8 0 0.962 1.00 289
UpStream
DownSlieam
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vie= Ve (Pey) Viz = Ve + (Ve - VeiPrp
beq = {Equation 13-6 or 13-7} Leq = {Equation 13-12 or 13-13)
P = using Equation (Exhibit 13-6) Pep = 0.690 using Equation (Exhibit 13-7)
V12 = pCl’h V12 = 1658 pC/h
VaorVoa pc/h (Equation 13-14 or 13-17) VaorV, o 615 pc/h (Equation 13-14 or 13-17)
Is Vyor Vg > 2700 po? ™ Yes [ No Is Vy 0r V00 > 2700 pehh? I~ Yes 7 No
sVyorV, > 15* V2 " ves [ No IsVyorV, > 15" V#2 [ ves ¥ No
firves,v,,, = 1%?1{19()Equatlon 13-16, 13-18, or I Yes,V,,, = 1%0)!h (Equation 13-16, 13-18, or 13-
Capacity Checks Capacity Checks
Actual Capacity LOSF? Aclual Capacity LOS F?
Ve 2273 Exhibit 138 | 7200 o
Veo Exhipit 13-8 Veo =VE-Vg| 1984 Exhibit 13-8 | 7200 No
Vi 289 Exhibit 13-10] 2200 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Vaiz Exrbit 13-6] Vo 1658 Exhibit 138 | 440041 | o
Level of Service Determination (if not F) Level of Service Determination (if not F)
DR =5475+0.00734 v 5+ 0.0078 V,, - 0.00627 L, Dg =4.262 + 0.0086 V,, - 0.000 L,
Dr=  (pc/mifin) Dp= 7.2 (po/mifiny
10S={Exhibit 13-2} LOS= B (Exhibit 13-2)
Speed Determination Speed Determination
My=  (Exibit 13-11) O;= 0,034 (Exhibit 13-12)
Se=  mph (Exhibit 13-11) Sp™  69.0 mph (Exhibit 13-12)
Sy mph {Exhibit 13-11) 57 76.8 mph {(Exhibit 13-12}
S = mph (Exhibit 13-13} S = 71.0 mph {Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner FreewayiDir of Travel Westbound
Agency or Company DOWL HKM Junction 5A) 271h Street On Ramp
Date Performed 720/2011 Jurisdiction Yellowstone County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Biltings Area 1-80 Corridor Planning Study
Inputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
Acceleration Lane Length, Ly 568 Ramp
MYes { On ]
Deceleration Lane Length L, Myes ©:On
FNe [ oOf Freeway Volume, V. 1451 FNo [ Of
Lup - ft Ramp Volume, Vi 331 Liosn = ft
Freeway Free-Flow Speed, S 70.0
V. = veh/h Ramp Fres-Flow Speed, Sy, 8.2 Vo = vehrh
Conversion to pc/h Under Base Conditions
{pcth) (Ve‘;m ) PHF Terrain %Truck %Ry Ty f v = VIPHF x i, x £,
Freaway 1451 0.85 Level 15 0 0.930 1.00 1835
Ramp RX} 0.87 Level 4 0 0.880 1.00 388
UpSlream
DownStream
Merge Areas Diverge Areas
[Estimation of v, Estimation of v,
Vig= Ve (Pey) Vg = Vg + (Ve - VR)Pep
Leq ® {Equation 13-6 or 13-7) Leq = {Equation 13-12 or 13-13)
Peyy = 0.593 wsing Equation (Exhibit 13-6) Peg = using Equation (Exhibit 13-7)
V.5 = 108% pc/h . V,, = pcih
Vo 0TV, 5 ?176) pc/h (Equation 13-14 or 13- Va0rV, a4 po/h (Equation 13-14 or 13-17)
IsVyorV, ., > 2700 peh? I~ Yes ¥ No 5 V30rVyyge > 2700 pecih? 1 Yes 1™ No
s V30r V00> 15°Vi2 7 Yes 7 No Y7 18 Fc‘lf? . ;\:O 13-16, 13-18
: _ Equation 13- -18, or
- pe/h {Equation 13-18, 13-18, or IfYes,V.,, = P ! !
if Yes,V,,, 13-19) 12a 13-19)
Capacity Checks Capacity Checks
Actual Capacity LOSF? Aclual Capacity LOS F?
Ve Exhibit 13-8
Veo 2223 }Exhivit13-8 No  |Veo=Ve-Vr Exhibit 13-8
v Exhibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Vriz 1477 {Exhivit 13.8]  4600:AN No Vi, Exhibil 138 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dy = 5.475 +0.00734 v  +0.0078 ¥, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Dp= 133 {pcimifn) De=  (pc/mifin}
LOS = B (Exhibit 13-2) LOS = {Exhibit 13-2)
Speed Determination Speed Determination
M= 0.261 (Exivit 13-11) D= (Exhibit 13-12)
Se=  62.7 mph {Exhibit 13-11) Sk=  mph (Exhibit 13-12)
S0= 69.1 mph (Exhibit 13-11) Sg= mph (Exhibit 13-12)
S = 64.7 mph (Exhibit 13-13} S = mph (Exhibit 13-13)
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BASIC FREEWAY WORKSHEET

Page 1 of |

BASIC FREEWAY SEGMENTS WORKSHEET

General Information |Site Information
Analyst David Stoner Highway/Direction of Travel Eastbound
Agency or Company DOWL HKM From/To 5C) 27th Street Under
Date Performed 771172011 Jurisdiction A\;ellowstone County
ontana
IAnalysis Time Period Peak Hour Analysis Year 2035
Project Description  Bilfings Area 1-90 Corridor Planning Study
I Oper{LOS) [ Des.(N) I Planning Data
Flow Inputs
\Volume, V 1966 veh/h Peak-Hour Factor, PHF 0.93
AADT veh/day %Trucks and Buses, Py 15
Peak-Hr Prop. of AADT, K %RVs, Py 0
Peak-Hr Direction Prop, D General Terrain: Level
DDHV = AADT xKxD veh/h Grade % Length mi

Up/Down %

Calculate Flow Adjustments

vy - Flow rale

LOS - Level of service
speed

DDHYV - Directional design hour volume

FFS - Free-flow speed
BFFS - Base free-flow

f, 1.00 Er 1.2

E; 1.5 frpy = VI+PHEL - 1) + P(E, - 110.930

Speed Inputs [Calc Speed Adj and FFS

lLane Width ft

Rt-Side Lat. Ciearance ft fow mph
Number of Lanes, N 3 flo mph
[Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
FFS (measured) 72.3 mph FES 723 mph
Base free-flow Speed, moh

BFFS P
ILOS and Performance Measures Design (N)

Design (N)
Operational (LOS) Desian LOS
= (V or DDHV) / (PHF x N x T, g
P 758 chhiin v, =(V or DDHV) / (PHF x N x f
p p HV
X fp) 1) pefhiin
S 70.0 mph P h
m

D= A /8 10.8 pe/mifin D=v /S p/ i

LoS A p pc/mifin
Required Number of Lanes, N
Glossary Factor Location
N - Number offanes S -Speed Ex, - Exhibits 11-10, 11-12 f,y - Exhibit 11-8
- Hourly volume D - Density

E - Exhibits 11-10, 11-11, 11-13
fp - Page 11-18

LOS, S, FFS, v, - Exhibits 11-2,
11-3

fi ¢ - Exhibit 11-9
TRD - Page 11-11
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BASIC FREEWAY WORKSHEET

Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information

|Site Information

Analyst David Stoner Highway/Direction of Travel Westbound
Agency or Company DOWL HKM From{To 5C) 27th Street Under
Date Performed 771172011 Jurisdiction Yellowstone County
Montana
Analysis Time Period Peak Hour Analysis Year 2035
Proiect Description  Billings Area {-90 Corridor Planning Study
I¥" Oper.{LOS) I™ Des.(N) [ Planning Data
Flow Inputs
Volume, V 1451 veh/h Peak-Hour Factor, PHF 0.85
AADT veh/day %Trucks and Buses, P, 15
Peak-Hr Prop. of AADT, K %RVs, P 0
Peak-Hr Direction Prop, D General Terrain: Level
DDHY = AADT x Kx D veh/h Grade % Length mi

Up/Down %

[Calculate Flow Adjustments

vy - Fiow rate

LOS - Level of service
speed

DDHYV - Directional design hour volume

FFS - Free-flow speed
BFFS - Base free-flow

f, 1.00 Er 1.2

Er 1.5 frpy = V1#PL(EL - 1) + Pp(ER - 1] 0.930

Speed Inputs Calc Speed Adj and FFS

Lane Width ft

Rt-Side Lat. Clearance ft fow mph
Number of Lanes, N 3 flo mph
[Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
FFS (measured) 73.2 mph FFS 73 2 mph
|Base free-flow Speed, moh

BFFS P
[LOS and Performance Measures Design (N)

Design (N}

Operational (LOS) Desian LOS

v = (V or DDHV} / (PHF x N x f,,,, g

P 612 pcihiin Vv, = (V or DDHV) / (PHF x N x f,,,
X fp) i 1) pefhfin
S 75.0 mph P

. S mph
D=v,/S 8.2 pc/mifin D=v. /S il
= ml
[LOS A P permiin
Required Number of Lanes, N
Glossary Factor Location
N - Number of lanes S - Speed E - Exhibits 11-10, 14-12 fLy - Exhibit 11-8
- Hourly volume D - Density

E; - Exhibits 11-10, 11-11, 11-13
fp - Page 11-18

LOS, S, FFS5, Vp- Exhibits 11-2,
11-3

f_c - Exhibit 11-9
TRD - Page 11-11
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner Freeway/Dir of Travel Easlbound
Agency or Company DOWL HKM Jurction 5D) 27th Street On Ramp
Cate Performed 1012012011 Jurisdiction Yellowstone County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area 1-90 Corridor Planning Study
Inputs
fUpslream Adj Ramp Number of Lanes, N 3 Downstream Adj
-y - hcceleration Lane Length, L, 713 Ramp
es On
Deceleration Lane Length Ly, MYes [ On
FNo T Off Freeway Volume, Ve 1966 FNo [Off
Lup - ft Ramp Yolume, V, 455 L = ft
Freeway Free-Flow Speed, S 70.0
V,=  vehih Ramp Free-Flow Speed, S 67.0 Vo= vehih
Conversion to pe/h Under Base Conditions
(poh very | P Terrain %Truck | %Rv fy f, = VIPHF X f X,
Freeway 1966 0.93 Level 15 0 (.930 1.60 2273
Ramp 455 Q.70 Level 10 0 0.952 1.00 683
UpStream
DowinSiream
Merge Areas Diverge Ateas
Estimation of v, Estimation of v,
] Vig= Vel ’?FM) Vi = Vg +{Ve - Ve)Pep
Lea © (Equation 13-6 or 13-7) Leq (Equation 13-12 or 13-13)
PFM = 0.597 using Equallon (EXhlblt 13‘6) PFD = using Equation (EXhlbl[ 13_?}
v,y = 1368 poh Vi = pe/h
V,0rV, ?‘75) po/h (Equation 13-14 or 13- Vo orV po/h (Equation 13-14 or 13-17)
Is V, 0 V, 0 > 2700 pehh? I~ Yes ¥ No IsVyorV, 5> 2700 peh? ™ Yes I No
IsV30rV 00> 15 V2 [ Yes ¥ No Is V30V 50> 15*Vyf2 [ c;(he(sEf" No 1 e
_ c/h (Equation 13-16, 13-18, or If Yes,V,,, = pe/h (Equation 13-16, 13-18, or
i Yes.Vyy, = X 19)( q 120 13-19)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOSF?
Ve Exhibit 13-8
Vo 2956 | Exhivit13-8 No  [Vro=Ve-VR Exhibit 13-8
; Exhibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actuat Max Desirable Violation? Aclual Max Desirable Violation?
Vita 2041 |Exhibit13.8] 46000 No vy, Exhibit 13-8 |
L.evel of Service Determination (if not F) L evel of Service Determination (if not F)
Dg = 5,475 +0.00734 v o +0.0078 V,, - 0.00627 L, Dg = 4.252 +0.0086 V,, - 0.009 L,
D= 16.6 (pe/mifn) D= (pc/mifin)
LOS = B{Exhibit 13-2) LOS=  (Exhibit 13-2)
Spesed Determination Speed Determination
Mg=  0.255 (Exibit 13-11) D= (Exhibit 13-12)
Se= 628 mph (Exhibit 13-11) Se=  mph {Exhibit 13-12)
Sy=  68.5 mph (Exhibit 13-11) So=  mph {Exhibif 13-12)
S = 64.5 mph {Exhibit 13-13) S = mph {Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner Fresway/Dir of Travel Weslbound
IAgency or Company DOWL HKM Junction 5B) 27th Sirest Off Ramp
Date Performed 1202011 Jurisdiction Yellowstone County Monltana
Analysis Time Period Peak Hour Analysis Year 2035
Project Descriplion  Billings Area 1-90 Corridor Planning Study
Inputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
Acceleration Lane Length, L, Ramp
MYes [ On , n -
Deceleration Lane Lenglh L, 250 Fyes 1 On
& No I off Freeway Volume, Vg 1451  No ™ of
Lo f Ramp Volume, Vg 370 Lypin = i
Freeway Free-Flow Speed, S, 70.0
Vy= vehth Ramp Free-Flow Speed, Sy 68.2 Vo= vehh
Conversion to pc/h Under Base Conditions
{pcih) (Ve}:mr) PHF Terrain %Truck %Ry fy f, v = VIPHF x fiyy x T,
Freeway 1451 0.85 Level 15 0 0.930 1.00 1835
Ramp 370 (.68 Level 18 0 0.917 100 593
UpStream
DownStream .
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig= Ve (Pry) Vi2 = Vo + (Ve - Vg)Pep
Leg = (Equation 13-6 or 13-7) Leg ™ {Equation 13-12 or 13-13)
P = using Equation (Exhibit 13-6) Pep = 0.687 using Equation (Exhibit 13-7)
Vyg = pcih Vi = 1446 poth
VaorV, a pcih (Equation 13-14 or 13-17) VyorV, 389 pefh (Equation 13-14 or 13-17)
Is V3 0r Vg > 2700 peh? I Yes . No Is V3 0r V, 0, > 2,700 pchh? I~ Yes 7 No
IsV30rV, 00> 15 V2 I Yes ™ No I5 V301 V50> 15 V2 1™ Yes 7 No
- pcih (Equation 13-16, 13-18, or : pc/h {(Equation 13-16, 13-18, or 13-
if Yes,Vip, 13-19) It Yes,Vy,, 19)
Capacity Checks Capacity Checks
Aclual Capadily LOS F? Aclual Capacity LOSF?
Ve 1835 Exhibit 13-8 7200 Mo
Veo Exhibit 13-8 Veo=Ve-Vo| 1242 | Exhiviti38| 7200 No
Ve 593 Exhibit 13-10] 2200 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Vriz Exhibit 13-8] Vi, 1446 Exhibit 138 | 4400:A1 No
L evel of Service Defermination (if not F) Level of Service Determination (if not F)
Dy = 5.475 + 0.00734 v  + 0.0078 V,, - 0.00627 L, Dy = 4.252 + 0.0086 V,, - 0.009 L,
Dr=  (pc/mifin) D= 14.4 (pc/mifin)
LOS=  (Exhibit 13-2) LOS= B (Exhibit 13-2)
Speed Determination Speed Determination
Mg=  (Exibit 13-11) D, = 0.050 (Exhibit 13-12)
S.=  mph (Exhibit 13-11) Sg®  68.6 mph (Exhibit 13-12)
S;=  mph (Exhibit 13-11) S~ 76.8 mph (Exhibit 13-12)
3= mph (Exhibit 13-13) S = 70.2 mph (Exhihit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner Freeway/Dir of Travel Eastbound
Agency or Company DOWL HKM Junction 6E} Lockwood Off Ramp EB
Date Performed 1042072011 Jurisdiction Yeliowstone County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area [-80 Corridor Planning Study
Inputs
Upslream Adj Ramp Number of Lanes, N 3 [Downstream Adj
Acceleration Lane Length, L Ramp
{"Yes | On !
Deceleration Lane Length L, 170 Myes {"On
" No T Off Freeway Volume, V, 2089 FNo [ oOff
Ly ® f Ramp Yolume, Vp 909 Lgpun = ft
Freeway Free-Flow Speed, Spe 70.0
Vy=  vehh Ramp Free-Flow Speed, S 67.4 Vo= vehh
Conversion to pc/h Under Base Conditions
(pcih) v e\f{fh;) PHF Terrain %Truck %Rv fiy fy v = VIPHE x f, X f,
Freeway 2089 0.95 Leve) 19 1] 0.413 1.00 2408
Ramp 909 0.79 Leve! 10 0 0.952 1.00 1208
UpStream
DownStream
Merae Areas Diverge Areas
Estimation of v, Estimation of v,
Vig = Ve (Pey) Vig = Ve # (Ve - Vi)Pyp
Leq ™ (Equation 13-6 or 13-7) Leg = {Equation 13-12 or 13-13)
Pew = using Equation (Exhibit 3-6) Fen = 0.644 using Equation (Exhibit 13-7}
Vy, = pelh Vip= 1981 pc/h
VaorV, . pc/h (Equation 13-14 or 13-17) V3 0r Va0 427 pcth (Equation 13-14 or 13-17)
BBVy0rV, > 2700 pch? | Yes |7 No IsVy0rV, 00> 2700 pch? I Yas ¥ No
I8Vy01V, 0> 15 V2 T Yes [ No VooV > 18" V2 7 Yes ¥ No
- pefh (Equation 13-16, 13-18, or _ pc/h (Equation 13-16, 13-18, or 13-
if Yos,V., 13-19) {if Yes,V,,, 19)
Capacity Checks Capacity Checks
Aclual Capacity LOSF? Actual Capacily LOS F?
Ve 2408 Exhibit 13-8 | 7200 No
Veg Exhibit 13-8 Veg = Ve -Vl 1200 Exhibit 13-8 | 7200 No
Ve 1208 Exhibit 13-10 2200 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Viiz Exhibit 138| Vg 1981 Exhibit 13-8 l 4400:A No
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5.475 + 0.00734 v o + 0.0078 V,, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0,009 L
0= (pclmifin) Dy = 19.8 (pe/mifin)
LOS = (Exhibit 13-2} LOS= B {(Exhibit 13-2}
Speed Determination Speed Determination
M= (Exibit 13-11) D= 0.116 (Exhibit 13-12)
Se=  mph (Exhibit 13-11) Sp=  66.8 mph (Exhibit 13-12)
S mph (Exhibit 13-11) So° 76.8 mph (Exhibit 13-12)
S = mph (Exhibit 13-13) S = 68.3 mph {Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of |

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Mnalyst David Stoner Freeway/Dir of Travel Weslbound
gency or Company DOWL HKM Junction 6A) Lockwood On Ramp
Date Performed 71201201 Jurisdiction Yellowstone County Montana
Analysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area -9 Corridor Planning Study
Inputs
tpstream Adj Ramp Number of Lanes, N 3 Downstream Adj
Accsleration Lane Length, L, 750 Ramp
"Yes | On .
Deceleration Lane Length L, MYes [ On
MNe I Of Freeway Volume, Vi 1692 FiNoe I oOf
e t Ramp Volume, V, 367 Lgonn ft
Freeway Free-Flow Speed, 5, 70.0
Vi = veh/h Ramp Free-Flow Speed, S, 68.0 Vo = veh/h
Conversion to pc/h Under Base Conditions
(peth) (Vi e}:m ) PHF Tetrain % Truck Ry frv f v = VIPHF X fiy X T,
Freeway 1692 0.88 Level 18 0 0.917 1.00 2096
Ramp 367 0.63 Level 18 0 0.917 1.00 635
UpStream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
=V (P =
_ Vie= Vel .FM) Vig = Vg # (Ve - V)Prp
o™ (Equation 13-6 or 13-7) Leq (Equation 13-12 or 13-13)
Pey = 0.5%9 using Equation (Exhibit 13-6) P = using Equation {Exhibit 13-7)
Vs, = 1254 pc/h ‘ Vi = pofh
VoorV_., ﬁ‘% po/h (Equation 13-14 or 13- V,orV, porh (Equation 13-14 or 13-17)
Is Vy0rV, 4 > 2700 ph? [~ Yos ¥ No V301V, 5, > 2700 pc? ™ Yes [ No
fs V30V, 50> 15" V12 7 Yes ¥ No IS VyorVy > 167V |~ Jhe(sEr" No 1
. peih (Equation 13-16, 13-18, or If Yes,V,,, = pe/h (Equation 13-16, 13-18, or
[f YesVig, 15.19) 122 13-19)
{Capacity Checks Capacity Checks
Aclaal Capacity LOS F? Actual Capacity LOSF?
Ve Exhibit 13-8
Veo 2731 [Exhibit 138 Mo Vo= Ve-Vg Exhibit 3-8
; Exhibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Viglation? Actual Max Desirable Violation?
Vi 1889 |Exhibit 138] 4600l No Vi, Exhibit 138 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dp = 5.475 +0.00734 v , +0.0078 V,, - 0.00627 L, Dy = 4.252 + 0.0086 V,, - 0.009 L,
Dg= 5.2 (pc/mifin) D= (pc/mifin)
LOS = B{Exhibit 13-2} LOS = (Exhibit 13-2)
Speed Determination Speed Determination
Mg= 0.245 (Exibit 13-11) D= (Exhibit 13-12)
5= 63.1 mph (Exhibit 13-11) Se= mph (Exhibit 13-12)
Sy=  68.8 mph (Exhibit 13-11) S®  mph (Exhibit 13-12)
S=  64.8 mph{Exhibit 13-13) S=  mph(Exhibit 13-13)
Copyright © 2010 University of Florida, All Rights Reserved Hes2010™ version 6.2 Generated: 12/20/2011 7:12 AM
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BASIC FREEWAY WORKSHEET Page | of |

BASIC FREEWAY SEGMENTS WORKSHEET

General Information . [Site information
Analyst David Stoner Highway/Direclion of Travel Easthound
Agency or Company DOWL HKM From/To 6C) Lockwood Under

T Yellowstone County

Date Performed 7/11/2011 Jurisdiction Montana
iAnalysis Time Period Peak Hour Analysis Year 2035

Project Description  Billings Area 1-90 Corridor Planning Study

I Oper.(LOS) ™ Des.(N) I Planning Data

Flow Inputs
Volume, V 2089 veh/h Peak-Hour Factor, PHF 0.95

AADT veh/day %Trucks and Buses, Py 19

Peak-Hr Prop. of AADT, K %RVs, Py 0

Peak-Hr Direction Prop, D General Terrain; Level

DDHV = AADT xKx D vehth Grade % Length mi

Up/Down %

Calculate Flow Adjustments

fo 1.00 . Ex 1.2

Ey 1.6 fry = VH+PL(EL - 1) + PR(Eg - 110.913

Speed Inputs ICalc Speed Adj and FFS

Lane Width ft

Rt-Side Lat. Clearance ft L mph
Number of Lanes, N 3 flc mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
|IFFS (measured) 72.4 mph FFS 79 4 mph
Base free-flow Speed, moh

BFFS P

LOS and Performance Measures Design (N)

Design {N)

Operational (LOS) Desian LOS
v = (V or DDHV) / (PHF x N x 5, esin

y 803 pe/hin v, = (V or DDHV)/ (PHF x N x fi,y,
8 fp) T ) pc/hfin
S 70.0 mph P

. S mph
D=v,/S 11.5 pc/mifin D=v /S .
LOS B = v? pe/mifin
Required Number of Lanes, N

Glossary Factor Location

N - Number of lanes S - Speed Eg, - Exhibits 11-10, 11-12 f,y - Exhibit 11-8
Vv - H‘;””V volume D -Density o [Fr-Exbibits 1110, 4111, 1113 f.; - Exivit 11-9
v, - Flowrate ‘ FFS - Free-flow spee (- Page 11-18 TRO - Page 11-11
LOS - Level of service BFFS - Base free-flow p o

speed LOS, S, FFS, Vo~ Exhibits 11-2,

DDHYV - Directional design hour volume 11-3
Copyright @ 2010 University of Florida, All Rights Reserved HCS 2010™  Version 6.2 Generated: 12/20/2011 7:12 AM
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BASIC FREEWAY WORKSHEET

Page I of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information ISite Information
Analyst David Stoner Highway/Direction of Travel Westbound

Agency or Company DOWL HKM From/To 6C) Lockwood Under

P Yellowstone County

Date Performed 771172011 Jurisdiction Montana

Analysis Time Period Peak Hour Analysis Year 2035

Project Description  Billings Area I-90 Corridor Planning Study

I Oper.(LOS) 7 Des.(N) [™ Planning Data

Flow Inputs
Volume, V 1692 vehth Peak-Hour Factor, PHF 0.88

AADT vehfday %Trucks and Buses, Py 18

Peak-Hr Prop. of AADT, K %RVs, Pg 0

Peak-Hr Direction Prop, D General Terrain; Level

DDHV = AADT x Kx D veh/h Grade % Length mi

Up/Down %

Calculate Flow Adjustments

f, 1.00 Ex 1.2

E; 1.5 fipy = MIT+PHEL - 1) + P(Eq - 110.917

Speed Inputs Calc Speed Adj and FFS

Lane Width ft
|Ri-Side Lat. Clearance ft f mph
Number of Lanes, N 3 fle mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
FFS (measured) 73.0 mph FFS 730 mph
Base free-flow Speed, moh

BFFS P

LOS and Performance Measures Design (N)

Design (N)

Operalional (LOS) Desian LOS
v, = (V or DDHV)/ (PHF x N x f,, g

P 699 pcfhiin Vp = (V or DDHV) / (PHF x N x f,}\,
X fp) 1) pc/hfln
S 75.0 mph s P y

m
D=v /S 9.3 pc/mifin P .
p D= Vo /S pc/mifin
JLOS A )
Required Number of Lanes, N

|Glossary Factor Location

N - Number of fanes S - Speed Eq - Exhibits 11-10, 11-12 fy - Exhibit 11-8
V' - Hourly volume D - Density E, - Exhibits 11-10, 11-11, 1113 £, . - Exhibit 11-9
Vo - Flow rate . FFS - Free-flow speed f - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-fiow |P .
speed LOS, 8, FFS, v,, - Exhibits 11-2,
DDHYV - Directional design hour volume 11-3

Copyright © 2010 University of Florida, All Rights Reserved
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
JAnalyst David Stoner FreewayiDir of Travel Eastbound
JAgency of Company DOWL HKM Junction 6D) Lockwood On Ramp
Date Performed 10/20/2011 Jurisdiction Yellowstone County Montana
Mnalysis Time Period Peak Hour Analysis Year 2035
Project Description  Billings Area -390 Corridor Planning Study
inputs
Upstream Adi Ramp Number of Lanes, N 3 Downsiream Ad]
- - Acceleration Lane Length, L, 850 Ramp
Y On
o Deceleration Lane Length Ly MTYes [ On
¥ No I off Freeway Volume, Ve 2089 ¥ No of
L, ft Ramp Volume, Yy, 342 Lt = it
Freeway Free-Flow Speed, S 70.0
vV, = veh/h Ramp Free-Flow Speed, S, 67.0 Vo = veh/h
Conversion to pc/h Under Base Conditions
{pch) (Ve\lglhr) PHF Terrain %Tuck %Ry fry o v = VIPHF x f,, x f,
Freeway 2089 0.95 Leve! 19 0 0.913 1.00 2408
Ramp 342 0.95 Leve! 10 0 0.952 1.00 378
UpStream
DownSiream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
) Via= Ve ?FM ) Vip = Vg + (Ve - V)P
beo (Equation 13-6 or 13-7) Leq= (Equation 13-12 or 13-13)
PFM = 0.601 using Equation (Exhibit 13-6} PFS = using Equation (Exhibit §3-7)
V.o 1448 pc/h ‘ V., = pcih
V301V, ﬁ‘i;,o) pcfh (Equation 13-14 or 13- V, 0rV, g, peih {Equation 1314 or 13-17)
B8V, 0rV, 0> 2700 peh? [~ Yes ¥ No sVyorV, 00> 2700 pc? [ Yes I No
fsVyorV, ., > 15*V,2 [~ Yes 7 No IsVyorV, 5, > 15V, .2 | dYe(S | N.O
_ o/h (Equation 13-16, 13-18, o IfYes,V,,, = pefh (Equation 13-16, 13-18, or
if Yes,V,,, = 12'1 9)( q 12a 13-19)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOSF?
Ve Exhibit 13-8
Veo 2785 | Exhibit 138 No  [Yeo= Ve Vg Exhibit 138
Y Exhibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Viclation? Actual Max Desirable Vfiolation?
Vriz 186 [Exvibit 136] 4600 No Vi, Exhibit 138 |
Lavel of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5475 +0.00734 v  +0.0078 V,, - 000827 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Da= 14.2{pcimifn) Dr=  (pc/mifin)
LOS= B (Exhibit 13-2) L0S=  (Exhibit 13-2)
Speed Determination Speed Determination
M= 0.231 (Exibit 13-11) D.=  (Exhibit 13-12)
Sg=  63.5mph (Exhibit 13-11) Sg=  mph (Exhibil 13-12)
S;=  68.3 mph (Exhibit 13-11) S;=  mph (Exhibit 13-12)
S = 65.1 mph (Exhibit 13-13} S= mph {Exhibit 13-13)
Copyright © 2010 University of Flerida, All Rights Reserved HCS2010™ Version 6.2 Generated; 12/20/2011  7:13 AM
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of' 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst David Stoner Freeway/Dir of Travel Westbound
Agency or Company DOWE HKM Jurction 68) Lackwood Off Ramp
Date Performed 712012011 Jurisdiction Yellowstone County Montana
Analysis Time Pedod Peak Hour Analysis Year 2035
Project Description  Billings Area 1-90 Corridor Planniag Study
Inputs
Upstream Adj Ramp Number of Lanes, N 3 Downstream Adj
Accaleration Lane Length, L, Ramp
"Yes 1 On , .
Decelesation Lane Length L 180 I"Yes [ On
FNo [ Off Freeway Volume, V¢ 1692 ' No I~ OH
Lup - ft Ramp Volume, Vy 750 Lgoun = ft
Freeway Fres-Flow Speed, S 70.0 :
V,=  vehh Ramp Free-Flow Speed, Sy 68.0 Vo= vehh
Conversion to pc/h Under Base Conditions
v . -
{pc/h} (Vehih) PHF Tetrain %Truck %Rv frv f v = VIPHF x £, x fp
Freeway 1692 0.88 Level 18 0 0.917 1.00 2096
Ramp 750 .88 Level 9 0 0.957 1.00 891
UpStream
DownSiream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vi = Ve (Pry) Vig = Ve + (Ve - VeIPpp
Lig = (Eguation 13-6 or 13-7) Leq = {Equation 13-12 or 13-13)
P = using Equation (Exhibit 13-6) Pep = 0.667 using Equation {Exhibit 13-7)
e pcih Vip= 1694 pofh
Vo 0TV o pcih (Equation 13-14 or 13-17) Va0r Vo 402 pc/h {Equation 13-14 or 13-17)
15 Vy 0r V00 > 2760 pe/h? I~ Yes I~ No Is Vy 0r V09> 2700 pchh? I~ Yes ¥ No
tsVyorV > 15" V2 [ ves 17 No IsVaorV, 5> 1.5V, 2 17 ves ¥ No
- pcih (Equation 13-16, 13-18, or - pc/h (Equation 13-16, 13-18, or 13-
If Yes V., 519) If Yes,V,,, 5
Capacity Checks Capacity Checks
Aclual Capacity LOS F? Actual Capacity LOS F?
Ve 2096 Exhibit 13-8 | 7200 No
Veo Exhibit 13-8 Veo = VR -Vg| 1205 Exhibit 13-8 | 7200 No
Vi 891 Exhibit 13-10} 2200 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Viotation? Actual Max Desirable Violation?
Ve Exhibit 13-8] Vi, 1694 Exhibit13-8 | 440040 | o
Level of Service Determination (if not F) L evel of Service Determination (if not F)
Dg =5.475 + 0.00734 v 5 + 0.0078 V,, - 0.00627 L, Bg =4.252 + 0.0086 V,, - 0.008 L,
Dr=  (pe/mifin) Dp= 7.2 (pc/mifin)
1.0S = (Exhibit 13-2) LOS= B (Exhibit 13-2)
Speed Determination Speed Determination
M= (Exibit 13-11) D,= 0079 (Exhibit 13-12)
Se” mph (Exhibit 13-11) Sa= 67.8 mph (Exhibit 13-12)
o mph (Exhibit 13-11) 5= 76.8 mph (Exhibit 13-12)
S= mph (Exhibit 13-13) S = 69.3 mph {Exhibit 13-13)
Copyright © 2010 University of Florida, A Rights Reserved HCS52010™ Version 6.2 Generated: 12/20/2011 7:14 AM
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Billings Area 1-90 Corridor Planning Study

Improvement Options Report

Appendix 5

Improvement Options Operational LOS
Analysis Sheets

Option I-2b
Braided Ramps




HCM 2010 Roundabout

2: Interchange Rd & Main St & WB 1-90 On-Ramp/72nd St & WB 1-90 Off-Ramp 12/20/2011
Intersection

Intersection Delay (sec/iveh)  97.5

Intersection LOS F

Approach EB WB NB
Entry Lanes 1 1 1
Conflicting Circle Lanes 1 1 1
Adjusted Approach Flow (vph) 412 698 774
Demand Flow Rate (pc/h) 429 726 805
Vehicles Circulating (pc/h) 173 805 156
Vehicles Exiting (pc/h) 1358 156 446
Follow-Up Headway (s) 3.186 3.186 3.186
Ped Vol. Crossing Leg (#/hr) 0 0 0
Ped Capacity Adjustment 1.000 1.000 1.000
Approach Delay (sec/veh) 9.4 231.0 24.0
Approach LOS A F C
Lane Left Left Left
Designated moves LTR LT LR
Assumed Moves LTR LT LR

Right Turn Channelized

Lane Utilization 1.000 1.000 1.000

Critical Headway (s) 5.193 5.193 5.193

Entry Flow Rate (pc/h) 429 726 805
Capacity, Entry Lane (pc/h) 950 505 967

Entry HV Adjustment Factor  0.962 0.962 0.961

Flow Rate, Entry (vph) 413 698 774
Capacity, Entry (vph) 914 486 930

Volume to Capacity Ratio 0.451 1.437 0.833

Control Delay (sec/veh) 94 231.0 24.0

Level of Service A F C
95th-Percentile Queue (veh) 2 34 10

Billings Area I-90 Corridor Planning Study 5:00 pm 11/3/2011 |-2b-Braided Ramps Synchro 8 Report

ZSH

Page 1



HCM 2010 Roundabout

3: Interchange Rd & EB 1-90 Off-Ramp/S Frontage Rd & EB 1-90 On-Ramp 12/20/2011
Intersection

Intersection Delay (sec/iveh)  17.0

Intersection LOS C

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adjusted Approach Flow (vph) 326 811 54 281
Demand Flow Rate (pc/h) 340 843 56 293
Vehicles Circulating (pc/h) 333 122 556 40
Vehicles Exiting (pc/h) 0 490 117 925
Follow-Up Headway (s) 3.186 3.186 3.186 3.186
Ped Vol. Crossing Leg (#/hr) 0 0 0 0
Ped Capacity Adjustment 1.000 1.000 1.000 1.000
Approach Delay (sec/veh) 10.0 24.3 6.7 6.1
Approach LOS B C A A
Lane Left Left Left Left
Designated moves LTR LR TR LT
Assumed Moves LTR LR TR LT

Right Turn Channelized

Lane Utilization 1.000 1.000 1.000 1.000

Critical Headway (s) 5.193 5.193 5.193 5.193

Entry Flow Rate (pc/h) 340 843 56 293
Capacity, Entry Lane (pc/h) 810 1000 648 1086

Entry HV Adjustment Factor  0.960 0.961 0.964 0.960

Flow Rate, Entry (vph) 326 811 54 281
Capacity, Entry (vph) 777 962 625 1042

Volume to Capacity Ratio 0.420 0.843 0.086 0.270

Control Delay (sec/veh) 10.0 243 6.7 6.1

Level of Service B C A A
95th-Percentile Queue (veh) 2 10 0 1

Billings Area I-90 Corridor Planning Study 5:00 pm 11/3/2011 |-2b-Braided Ramps Synchro 8 Report

ZSH

Page 2



Billings Area 1-90 Corridor Planning Study

Improvement Options Report

Appendix 5

Improvement Options Operational LOS
Analysis Sheets

Option I-2b
Roundabouts




HCM 2010 Roundabout

2: WB 1-90 On-Ramp/72nd St W & Interchange Rd & Main St/WB 1-90 Off-Ramp 12/20/2011
Intersection

Intersection Delay (sec/iveh) — 12.1

Intersection LOS B

Approach EB WB NB SB
Entry Lanes 1 2 0 1
Conflicting Circle Lanes 2 2 2 2
Adjusted Approach Flow (vph) 437 588 0 150
Demand Flow Rate (pc/h) 455 612 0 155
Vehicles Circulating (pc/h) 484 932 553 1379
Vehicles Exiting (pc/h) 1050 0 386 165
Follow-Up Headway (s) 3.186 3.186 3.186 3.186
Ped Vol. Crossing Leg (#/hr) 0 0 0 0
Ped Capacity Adjustment 1.000 1.000 1.000 1.000
Approach Delay (sec/veh) 134 16.4 0.0 15.3
Approach LOS B © ; C
Lane Left Left  Right Left
Designated moves LR LT TR LTR
Assumed Moves LR LT TR LTR

Right Turn Channelized

Lane Utilization 1.000 0471 0.529 1.000

Critical Headway (s) 4113 4293 4113 4113

Entry Flow Rate (pc/h) 455 288 324 155
Capacity, Entry Lane (pc/h) 805 562 588 430

Entry HV Adjustment Factor  0.960 0.960 0.962 0.966

Flow Rate, Entry (vph) 437 277 312 150
Capacity, Entry (vph) 773 539 566 416

Volume to Capacity Ratio 0.565 0.513 0.551 0.360

Control Delay (sec/veh) 13.4 16.1 16.6 15.3

Level of Service B C C C
95th-Percentile Queue (veh) 4 3 3 2

Billings Area I-90 Corridor Planning Study 5:00 pm 11/3/2011 I-2b-Roundabouts Synchro 8 Report

ZSH Page 1



HCM 2010 Roundabout
2: WB 1-90 On-Ramp/72nd St W & Interchange Rd & Main St/WB 1-90 Off-Ramp 12/20/2011

Intersection
Intersection Delay (sec/veh)
Intersection LOS

Approach NW
Entry Lanes 2
Conflicting Circle Lanes 2
Adjusted Approach Flow (vph) 818
Demand Flow Rate (pc/h) 851
Vehicles Circulating (pc/h) 81
Vehicles Exiting (pc/h) 472
Follow-Up Headway (s) 3.186
Ped Vol. Crossing Leg (#/hr) 0
Ped Capacity Adjustment 1.000
Approach Delay (sec/veh) 7.9
Approach LOS A
Lane Left  Right
Designated moves L LTR
Assumed Moves L LTR
Right Turn Channelized

Lane Utilization 0.530 0.470
Critical Headway (s) 4293 4113
Entry Flow Rate (pc/h) 451 400

Capacity, Entry Lane (pcth) 1063 1068
Entry HV Adjustment Factor  0.962  0.962

Flow Rate, Entry (vph) 434 385
Capacity, Entry (vph) 1023 1027
Volume to Capacity Ratio 0424 0.375
Control Delay (sec/veh) 8.2 7.5
Level of Service A A
95th-Percentile Queue (veh) 2 2
Billings Area I-90 Corridor Planning Study 5:00 pm 11/3/2011 I-2b-Roundabouts Synchro 8 Report

ZSH Page 2



HCM 2010 Roundabout

3: Interchange Rd & EB 1-90 Off-Ramp/EB [-90 On-Ramp 12/20/2011
Intersection

Intersection Delay (sec/veh) 9.0

Intersection LOS A

Approach EB WB NB SB
Entry Lanes 1 0 2 1
Conflicting Circle Lanes 2 2 2 2
Adjusted Approach Flow (vph) 346 0 912 298
Demand Flow Rate (pc/h) 360 0 949 310
Vehicles Circulating (pc/h) 310 980 221 0
Vehicles Exiting (pc/h) 0 190 449 980
Follow-Up Headway (s) 3.186 3.186 3.186 3.186
Ped Vol. Crossing Leg (#/hr) 0 0 0 0
Ped Capacity Adjustment 1.000 1.000 1.000 1.000
Approach Delay (sec/veh) 8.8 0.0 10.1 5.9
Approach LOS A - B A
Lane Left Left  Right Left
Designated moves LTR LT TR LT
Assumed Moves LTR LT TR LT

Right Turn Channelized

Lane Utilization 1.000 0470 0.530 1.000

Critical Headway (s) 4113 4293 4113 4113

Entry Flow Rate (pc/h) 360 446 503 310
Capacity, Entry Lane (pc/h) 910 957 968 1130

Entry HV Adjustment Factor  0.960 0.961  0.961 0.962

Flow Rate, Entry (vph) 346 429 483 298
Capacity, Entry (vph) 873 920 930 1087

Volume to Capacity Ratio 0.396 0466 0.520 0.274

Control Delay (sec/veh) 8.8 96 106 5.9

Level of Service A A B A
95th-Percentile Queue (veh) 2 3 3 1

Billings Area I-90 Corridor Planning Study 5:00 pm 11/3/2011 I-2b-Roundabouts

ZSH

Synchro 8 Report

Page 3



Billings Area 1-90 Corridor Planning Study

Improvement Options Report

Appendix 5

Improvement Options Operational LOS
Analysis Sheets

Option I-2b
Single Point Urban Interchange (SPUI)




HCM 2010 Roundabout

2: Interchange Rd & Main St/72nd St W 12/20/2011
Intersection

Intersection Delay (sec/iveh)  27.0

Intersection LOS D

Approach EB WB NB
Entry Lanes 1 1 1
Conflicting Circle Lanes 1 1 1
Adjusted Approach Flow (vph) 412 143 953
Demand Flow Rate (pc/h) 429 148 991
Vehicles Circulating (pc/h) 95 912 76
Vehicles Exiting (pc/h) 965 155 448
Follow-Up Headway (s) 3.186 3.186 3.186
Ped Vol. Crossing Leg (#/hr) 0 0 0
Ped Capacity Adjustment 1.000 1.000 1.000
Approach Delay (sec/veh) 8.3 13.8 371
Approach LOS A B E
Lane Left Left Left
Designated moves TR LT LR
Assumed Moves TR LT LR

Right Turn Channelized

Lane Utilization 1.000 1.000 1.000

Critical Headway (s) 5.193 5.193 5.193

Entry Flow Rate (pc/h) 429 148 991
Capacity, Entry Lane (pcth) 1028 454 1047

Entry HV Adjustment Factor  0.961 0.964 0.961

Flow Rate, Entry (vph) 412 143 953
Capacity, Entry (vph) 987 438 1007

Volume to Capacity Ratio 0.418 0.326 0.946

Control Delay (sec/veh) 8.3 13.8 371

Level of Service A B E
95th-Percentile Queue (veh) 2 1 16

Billings Area I-90 Corridor Planning Study 5:00 pm 11/3/2011 I-2b-Single Point Urban Interchange (SPUI) Synchro 8 Report

ZSH

Page 1



HCM 2010 Roundabout

3: Interchange Rd & Magelssen Rd/S Frontage Rd 12/20/2011
Intersection

Intersection Delay (sec/iveh)  15.8

Intersection LOS C

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adjusted Approach Flow (vph) 18 817 64 424
Demand Flow Rate (pc/h) 18 849 66 440
Vehicles Circulating (pc/h) 436 80 332 8
Vehicles Exiting (pc/h) 12 318 122 921
Follow-Up Headway (s) 3.186 3.186 3.186 3.186
Ped Vol. Crossing Leg (#/hr) 0 0 0 0
Ped Capacity Adjustment 1.000 1.000 1.000 1.000
Approach Delay (sec/veh) 5.2 212 5.4 74
Approach LOS A C A A
Lane Left Left Left Left
Designated moves LTR LTR TR LTR
Assumed Moves LTR LTR TR LTR

Right Turn Channelized

Lane Utilization 1.000 1.000 1.000 1.000

Critical Headway (s) 5.193 5.193 5.193 5.193

Entry Flow Rate (pc/h) 18 849 66 440
Capacity, Entry Lane (pc/h) 731 1043 811 1121

Entry HV Adjustment Factor  0.987 0.962 0.963 0.962

Flow Rate, Entry (vph) 18 817 64 423
Capacity, Entry (vph) 721 1003 780 1078

Volume to Capacity Ratio 0.025 0.814 0.081 0.393

Control Delay (sec/veh) 5.2 21.2 54 74

Level of Service A C A A
95th-Percentile Queue (veh) 0 9 0 2

Billings Area I-90 Corridor Planning Study 5:00 pm 11/3/2011 I-2b-Single Point Urban Interchange (SPUI) Synchro 8 Report

ZSH
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Billings Area 1-90 Corridor Planning Study

Improvement Options Report

Appendix 5

Improvement Options Operational LOS
Analysis Sheets

Option ID I-2b
Reconstruction of Frontage Roads




HCM Unsignalized Intersection Capacity Analysis

2: Interchange Rd & Main Street/72nd Street W Eastbound 12/20/2011
A ey v ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations Fi Y Fi | 1a

Volume (veh/h) 0 0 0 80 5 415 277 393 0 0 215 34

Sign Control Stop Stop Free Free

Grade 0% 0% 0% 0%

Peak Hour Factor 090 09 09 09 09 09 09 090 090 090 090 0.90

Hourly flow rate (vph) 0 0 0 89 6 461 308 437 0 0 239 38

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (ft)

pX, platoon unblocked

vC, conflicting volume 1774 1310 258 1310 1329 437 277 437

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 1774 1310 258 1310 1329 437 277 437

tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 41 4.1

tC, 2 stage (s)

tF (s) Bio 4.0 3.3 3.5 4.0 3.3 2.2 2.2

p0 queue free % 100 100 100 19 95 25 76 100

cM capacity (veh/h) 13 119 776 110 116 616 1275 1113

Direction, Lane # WB1 NB1 SB1

Volume Total 556 744 277

Volume Left 89 308 0

Volume Right 461 0 38

cSH 346 1275 1700

Volume to Capacity 1.61 024  0.16

Queue Length 95th (ft) 816 24 0

Control Delay (s) 314.2 5.3 0.0

Lane LOS F A

Approach Delay (s) 314.2 5.3 0.0

Approach LOS F

Intersection Summary

Average Delay 113.2

Intersection Capacity Utilization 99.1% ICU Level of Service F

Analysis Period (min) 15
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HCM Unsignalized Intersection Capacity Analysis

3: Interchange Rd & EB 1-90 Off-Ramp/Interchange Road 12/20/2011
A ey v ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations Fi Y 1a Fi |

Volume (veh/h) 57 9 227 0 0 0 0 610 50 96 176 0

Sign Control Stop Stop Free Free

Grade 0% 0% 0% 0%

Peak Hour Factor 090 09 09 09 09 09 09 090 090 090 090 0.90

Hourly flow rate (vph) 63 10 252 0 0 0 0 678 56 107 196 0

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (ft)

pX, platoon unblocked

vC, conflicting volume 1114 1142 19 1372 1114 706 196 733

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 1114 1142 196 1372 1114 706 196 733

tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 41 4.1

tC, 2 stage (s)

tF (s) Bio 4.0 3.3 3.5 4.0 3.3 2.2 2.2

p0 queue free % 62 94 70 100 100 100 100 88

cM capacity (veh/h) 166 174 841 74 181 433 1365 862

Direction, Lane # EB1 NB1 SB1

Volume Total 326 733 302

Volume Left 63 0 107

Volume Right 252 56 0

cSH 441 1700 862

Volume to Capacity 074 043 012

Queue Length 95th (ft) 150 0 11

Control Delay (s) 32.9 0.0 4.3

Lane LOS D A

Approach Delay (s) 32.9 0.0 4.3

Approach LOS D

Intersection Summary

Average Delay 8.8

Intersection Capacity Utilization 85.3% ICU Level of Service E

Analysis Period (min) 15

Billings Area I-90 Corridor Planning Study 5:00 pm 11/3/2011 I-2b-Reconstruction of Frontage Roads Synchro 8 Report

ZSH

Page 2



HCM Unsignalized Intersection Capacity Analysis

8: Allendale Rd & S Frontage Rd 12/20/2011
A ey v ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations Fi Y Fi Y Fi Y Fi Y

Volume (veh/h) 2 2 47 583 20 22 90 46 215 0 23 19

Sign Control Free Free Stop Stop

Grade 0% 0% 0% 0%

Peak Hour Factor 090 09 09 09 09 09 09 090 090 090 090 0.90

Hourly flow rate (vph) 2 2 52 648 22 24 100 51 239 0 26 21

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (ft)

pX, platoon unblocked

vC, conflicting volume 47 54 1397 1375 28 1627 1389 34

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 47 54 1397 1375 28 1627 1389 34

tC, single (s) 41 41 71 6.5 6.2 7.1 6.5 6.2

tC, 2 stage (s)

tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3

p0 queue free % 100 58 0 39 77 100 69 98

cM capacity (veh/h) 1548 1538 60 83 1041 22 82 1033

Direction, Lane # EB1 WB1 NB1 SB1

Volume Total 57 694 390 47

Volume Left 2 648 100 0

Volume Right 52 24 239 21

cSH 1548 1538 155 140

Volume to Capacity 0.00 042 252 0.33

Queue Length 95th (ft) 0 54 844 34

Control Delay (s) 0.3 8.7 7493 431

Lane LOS A A F E

Approach Delay (s) 0.3 8.7 7493 431

Approach LOS F E

Intersection Summary

Average Delay 252.8

Intersection Capacity Utilization 81.8% ICU Level of Service D

Analysis Period (min) 15
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HCM Unsignalized Intersection Capacity Analysis

33: Allendale Rd & 72nd St W 12/20/2011
2 T N I T

Movement EBL EBR NBL NBT SBT SBR

Lane Configurations L < '

Volume (veh/h) 66 5 5 68 42 51

Sign Control Stop Free  Free

Grade 0% 0% 0%

Peak Hour Factor 090 090 090 090 090 090

Hourly flow rate (vph) 73 6 6 76 47 57

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (ft)

pX, platoon unblocked

vC, conflicting volume 162 75 103

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 162 75 103

tC, single (s) 6.4 6.2 4.1

tC, 2 stage (s)

tF (s) Bio 3.3 2.2

p0 queue free % 91 99 100

cM capacity (veh/h) 821 981 1476

Direction, Lane # EB1 NB1 SB1

Volume Total 79 81 103

Volume Left 73 6 0

Volume Right 6 0 57

cSH 831 1476 1700

Volume to Capacity 0.09 000 0.06

Queue Length 95th (ft) 8 0 0

Control Delay (s) 9.8 0.5 0.0

Lane LOS A A

Approach Delay (s) 9.8 0.5 0.0

Approach LOS A

Intersection Summary

Average Delay 3.1

Intersection Capacity Utilization 19.7% ICU Level of Service

Analysis Period (min) 15
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DOWL HKM

BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION I-1a

Planning Level Estimate of Costs

Average Bid Prices Adjusted Unit Prices
Item Description Approx. Quantity Unit Unit Price Amount Unit Price Amount 2
Dollars Dollars Dollars Dollars
RAMPS - SINGLE 12' LANE (EASTBOUND ON-RAMP)
CRUSHED AGGREGATE COURSE 5,812.35 CUYD $17.33 $100,728.03 $100,700
TOP SURF 3/4 IN GR 3B 362.90 CUYD $27.90 $10,124.91 $10,100
COVER - TYPE 2 5,936.00 SQYD $0.52 $3,086.72 $3,100
DUST PALLIATIVE 9.62 TON $0.00 $115.00 $1,100
PLANT MIX BIT SURF GR $-3/4 IN 1,671.60 TON $24.40 $40,787.04 $40,800
ASPHALT CEMENT PG 64 64-28 90.20 TON $614.80 $55,454.96 $55,500
EMULS ASPHALT CRS-2P 10.06 TON $512.76 $5,158.37 $5,200
STRIPING-WHITE EPOXY 27.00 GAL $54.71 $1,477.17 $1,500
STRIPING-YELLOW EPOXY 27.00 GAL $55.68 $1,503.36 $1,500
EASTBOUND ON-RAMP SUBTOTAL $218,320.55 $219,500
RAMPS - SINGLE 12' LANE (EASTBOUND OFF-RAMP)
2 FOOT RETAINING WALL 2,300.00 SQFT $54.00 $124,200
4 FOOT RETAINING WALL 4,800.00 SQFT $54.00 $259,200
CRUSHED AGGREGATE COURSE 2,528.50 CUYD $17.33 $43,818.91 $43,800
TOP SURF 3/4 IN GR 3B 217.75 CUYD $27.90 $6,075.23 $6,100
COVER - TYPE 2 4,322.50 sQYD $0.52 $2,247.70 $2,200
DUST PALLIATIVE 7.15 TON $0.00 $115.00 $800
PLANT MIX BIT SURF GR S-3/4 IN 1,114.75 TON $24.40 $27,199.90 $27,200
ASPHALT CEMENT PG 64 64-28 60.13 TON $614.80 $36,964.85 $37,000
EMULS ASPHALT CRS-2P 7.48 TON $512.76 $3,832.88 $3,800
STRIPING-WHITE EPOXY 32.50 GAL $54.71 $1,778.08 $1,800
STRIPING-YELLOW EPOXY 32.50 GAL $55.68 $1,809.60) $1,800
EASTBOUND OFF-RAMP SUBTOTAL $123,727.14 $507,900
RAMPS - SINGLE 12' LANE (WESTBOUND ON-RAMP)
2 FOOT RETAINING WALL 2,000.00 SQFT $54.00 $108,000
CRUSHED AGGREGATE COURSE 778.00 CUYD $17.33 $13,482.74 $13,500
TOP SURF 3/4 IN GR 3B 67.00 CUYD $27.90 $1,869.30, $1,900
COVER - TYPE 2 1,330.00 sQYD $0.52 $691.60 $700
DUST PALLIATIVE 2.20 TON $0.00 $115.00 $300
PLANT MIX BIT SURF GR S-3/4 IN 343.00 TON $24.40 $8,369.20 $8,400
ASPHALT CEMENT PG 64 64-28 18.50 TON $614.80 $11,373.80 $11,400
EMULS ASPHALT CRS-2P 2.30 TON $512.76 $1,179.35 $1,200
STRIPING-WHITE EPOXY 10.00 GAL $54.71 $547.10 $500
STRIPING-YELLOW EPOXY 10.00 GAL $55.68 $556.80 $600
WESTBOUND ON-RAMP SUBTOTAL $38,069.89 $146,500
RAMPS - SINGLE 12' LANE (WESTBOUND OFF-RAMP)
CRUSHED AGGREGATE COURSE 2,779.05 CUYD $17.33 $48,160.94 $48,200
TOP SURF 3/4 IN GR 3B 188.20 CUYD $27.90 $5,250.78 $5,300
COVER - TYPE 2 3,265.00 SQYD $0.52 $1,697.80 $1,700
DUST PALLIATIVE 5.33 TON $0.00 $115.00 $600
PLANT MIX BIT SURF GR S-3/4 IN 894.30 TON $24.40 $21,820.92 $21,800
ASPHALT CEMENT PG 64 64-28 48.25 TON $614.80 $29,664.10 $29,700
EMULS ASPHALT CRS-2P 5.57 TON $512.76 $2,856.07 $2,900
STRIPING-WHITE EPOXY 18.00 GAL $54.71 $984.78 $1,000
STRIPING-YELLOW EPOXY 18.00 GAL $55.68 $1,002.24 $1,000
ADDITIONAL EMBANKMENT 50,000.00 CUYD $6.60 $330,000.00 $330,000
WESTBOUND OFF-RAMP SUBTOTAL $441,437.63 $442,200
BRIDGE LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
INT LAUREL-P 4, BN RAIL
EASTBOUND STRUCTURE 366.00 | 4400 ] $150.00 $2,400,000
BRIDGE COST SUBTOTAL $2,400,000




DOWL HKM

BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION I-1a

Planning Level Estimate of Costs

Average Bid Prices !

Adjusted Unit Prices

Item Description Approx. Quantity Unit Unit Price Amount Unit Price Amount >
Dollars Dollars Dollars Dollars
SUBTOTAL 1 $3,700,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 13 20% $740,000
MOBILIZATION @ 10% OF SUBTOTAL 1" 10% $370,000
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $370,000
SUBTOTAL 2 $5,200,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $501,000
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2 ° 20% 21,040,000
30% $1,560,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ’ $6,700,000
TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ’ $7,300,000

1Average MDT bid prices provided for the period November 2010 to July 2011.
2 Cost estimates are provided in 2011 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, lighting, 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 30 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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BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION I-1b

Planning Level Estimate of Costs

Average Bid Prices 3 Adjusted Unit Prices
Item Description Approx. Quantity | Unit Unit Price Amount Unit Price Amount >
Dollars Dollars Dollars Dollars
LUMINAIRES (200' OC ') MAINLINE
CONCRETE-CLASS DD ROAD 29.12 CUYD $903.00 $26,295.36 $26,300
CONDUIT-PLASTIC 1 1/2 IN 11,200.00 LNFT $5.32 $59,584.00 $59,600
PULL BOX-CONCRETE TYPE 2 0.00 EACH $505.28 $0.00 $0
CONDUCTER-COPPER AWG10-600V 33,600.00 LNFT $0.69 $23,184.00 $23,200
LUMINAIRE ASSEMBLY-400 W S.V. 56.00 EACH $446.57 $25,007.92 $25,000
SERVE ASSEMB-100 AMP 0.00 EACH $526.57 $0.00 $0
PHOTO ELECTRIC CONTROL 0.00 EACH $205.88 $0.00 $0
MAINLINE SUBTOTAL $134,071.28 $134,100
LUMINAIRES (200' OC ') RAMPS
CONCRETE-CLASS DD ROAD 16.64 CUYD $903.00 $15,025.92 $15,000
CONDUIT-PLASTIC11/2 IN 6,400.00 LNFT $5.32 $34,048.00 $34,000
PULL BOX-CONCRETE TYPE 2 0.00 EACH $505.28 $0.00 $0
CONDUCTER-COPPER AWG10-600V 19,200.00 LNFT $0.69 $13,248.00 $13,200
LUMINAIRE ASSEMBLY-400 W S.V. 32.00 EACH $446.57 $14,290.24 $14,300
SERVE ASSEMB-100 AMP 0.00 EACH $526.57 $0.00 50
PHOTO ELECTRIC CONTROL 0.00 EACH $205.88 $0.00 50
RAMPS SUBTOTAL $76,612.16 $76,500
SUBTOTAL 1 $210,600
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL1* 20% $42,100
MOBILIZATION @ 10% OF SUBTOTAL 1° 10% $21,100
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $21,100
SUBTOTAL 2 $294,900
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $28,400
; 20% $59,000
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2
30% $88,500
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ® $380,000
TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ® $410,000
' On center

2Average MDT bid prices provided for the period November 2010 to July 2011.
® Cost estimates are provided in 2011 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, lighting,

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.
7 A contingency range of 20 to 30 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.
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BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION I-2a

Planning Level Estimate of Costs

Average Bid Prices * Adjusted Unit Prices
Item Description Approx. Quantity Unit Unit Price Amount Unit Price Amount >
Dollars Dollars Dollars Dollars
RAMPS - SINGLE 12' LANE (EASTBOUND ON-RAMP)
CRUSHED AGGREGATE COURSE 3,493.15 CUYD $17.33 $60,536.29 $60,500
TOP SURF 3/4 IN GR 3B 226.10 CUYD $27.90 $6,308.19 $6,300
COVER - TYPE 2 3,800.00 Ne\(s) $0.52 $1,976.00 $2,000
DUST PALLIATIVE 6.18 TON $0.00 $115.00 $700
PLANT MIX BIT SURF GR S-3/4 IN 1,056.40 TON $24.40 $25,776.16 $25,800
ASPHALT CEMENT PG 64 64-28 57.00 TON $614.80 $35,043.60 $35,000
EMULS ASPHALT CRS-2P 6.46 TON $512.76 $3,312.43 $3,300
STRIPING-WHITE EPOXY 19.00 GAL $54.71 $1,039.49 $1,000
STRIPING-YELLOW EPOXY 19.00 GAL $55.68 $1,057.92 $1,100
EASTBOUND ON-RAMP SUBTOTAL $135,050.08 $135,700
RAMPS - SINGLE 12' LANE (EASTBOUND OFF-RAMP)
CRUSHED AGGREGATE COURSE 1,248.05 CUYD $17.33 $21,628.71 $21,600
TOP SURF 3/4 IN GR 3B 79.95 CUYD $27.90 $2,230.61 $2,200
COVER - TYPE 2 1,333.50 SQYD $0.52 $693.42 $700
DUST PALLIATIVE 2.17 TON $0.00 $115.00 $200
PLANT MIX BIT SURF GR S-3/4 IN 372.05 TON $24.40 $9,078.02 $9,100
ASPHALT CEMENT PG 64 64-28 20.08 TON $614.80 $12,342.11 $12,300
EMULS ASPHALT CRS-2P 2.27 TON $512.76 $1,161.40 $1,200
STRIPING-WHITE EPOXY 6.50 GAL $54.71 $355.62 $400
STRIPING-YELLOW EPOXY 6.50 GAL $55.68 $361.92 $400
EASTBOUND OFF-RAMP SUBTOTAL $47,851.80 $48,100
RAMPS - SINGLE 12' LANE (WESTBOUND ON-RAMP)
CRUSHED AGGREGATE COURSE 3,532.05 CUYD $17.33 $61,210.43 $61,200
TOP SURF 3/4 IN GR 38 229.45 CcuYD $27.90 $6,401.66|| $6,400
COVER - TYPE 2 3,866.50 SQYD $0.52 $2,010.58 $2,000
DUST PALLIATIVE 6.29 TON $0.00 $115.00 $700
PLANT MIX BIT SURF GR S-3/4 IN 1,073.55 TON $24.40 $26,194.62 $26,200
ASPHALT CEMENT PG 64 64-28 57.93 TON $614.80 $35,612.29 $35,600
EMULS ASPHALT CRS-2P 6.58 TON $512.76 $3,371.40 $3,400
STRIPING-WHITE EPOXY 19.50 GAL $54.71 $1,066.85 $1,100
STRIPING-YELLOW EPOXY 19.50 GAL $55.68 $1,085.76 $1,100
WESTBOUND ON-RAMP SUBTOTAL $136,953.57 $137,700
RAMPS - SINGLE 12' LANE (WESTBOUND OFF-RAMP)
CRUSHED AGGREGATE COURSE 1,750.05 CUYD $17.33 $30,328.37 $30,300
TOP SURF 3/4 IN GR 3B 107.45 CUYD $27.90 $2,997.86 $3,000
COVER - TYPE 2 1,734.50 SQYD $0.52 $901.94 $900
DUST PALLIATIVE 2.81 TON $0.00 $115.00 $300
PLANT MIX BIT SURF GR S-3/4 IN 491.55 TON $24.40 $11,993.82 $12,000
ASPHALT CEMENT PG 64 64-28 26.53 TON $614.80 $16,307.57 $16,300
EMULS ASPHALT CRS-2P 2.94 TON $512.76 $1,504.95 $1,500
STRIPING-WHITE EPOXY 7.50 GAL $54.71 $410.33 $400
STRIPING-YELLOW EPOXY 7.50 GAL $55.68 $417.60 $400
ADDITIONAL EMBANKMENT 2,000.00 CUYD $6.60 $13,200.00 $13,200
WESTBOUND OFF-RAMP SUBTOTAL $78,062.43| $78,300




‘ BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION I-2a
Planning Level Estimate of Costs
DOwWL HK M g

Average Bid Prices * Adjusted Unit Prices
Item Description Approx. Quantity Unit Unit Price Amount Unit Price Amount >
Dollars Dollars Dollars Dollars
SUBTOTAL 1 $399,800
ADDITIONAL COSTS

MISCELLANEOUS @ 20% OF SUBTOTAL 1° 20% $80,000
MOBILIZATION @ 10% OF SUBTOTAL1* 10% $40,000
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $40,000
SUBTOTAL 2 $559,800
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 s 9.64% $54,000
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2 6 20% 2112,000
30% $167,900

TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ’ $730,000

TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ’ $780,000

1Average MDT bid prices provided for the period November 2010 to July 2011.

2 Cost estimates are provided in 2011 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, lighting, 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 30 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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BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION I-2b

Planning Level Estimate of Costs

Average Bid Prices e Adjusted Unit Prices
Item Description Approx. Quantity Unit Unit Price Amount Unit Price Amount 2
Dollars Dollars Dollars Dollars
4-LANE INTERSTATE RECONSTRUCT
ADDITIONAL EMBANKMENT 50,000.00 CUYD $6.60 $330,000.00 $330,000
EXCAVATION-UNCLASSIFIED 11,250.00 CUYD $4.07 $45,787.50 $45,800
CRUSHED AGGREGATE COURSE 33,894.00 CUYD $17.33 $587,383.02 $587,400
TOP SURF 3/4 IN GR 3B 1,029.00 CUYD $27.90 $28,709.10) $28,700
COVER - TYPE 2 33,060.00 sQYD $0.52 $17,191.20 $17,200
DUST PALLIATIVE 53.70 TON $0.00| $115.00 $6,200
PLANT MIX BIT SURF GR 5-3/4 IN 10,887.00 TON $24.40 $265,642.80 $265,600
ASPHALT CEMENT PG 64-28 588.00 TON $614.80 $361,502.40 $361,500
EMULS ASPHALT CRS-2P 56.10 TON $512.76 $28,765.84 $28,800
STRIPING-WHITE EPOXY 90.00 GAL $54.71 $4,923.90 $4,900
STRIPING-YELLOW EPOXY 90.00 GAL $55.68 $5,011.20 $5,000
4-LANE INTERSTATE RECONSTRUCT SUBTOTAL $1,344,916.96 $1,681,100
RAMPS - SINGLE 12' LANE (EASTBOUND ON-RAMP)
4 FOOT RETAINING WALL 2,000.00 SQFT $54.00 $108,000
CRUSHED AGGREGATE COURSE 3,928.00 CUYD $17.33 $68,072.24 $68,100
TOP SURF 3/4 IN GR 3B 251.75 CUYD $27.90 $7,023.83 $7,000
COVER - TYPE 2 4,200.50 sQyYD $0.52 $2,184.26 $2,200
DUST PALLIATIVE 6.82 TON $0.00| $115.00 $800
PLANT MIX BIT SURF GR $-3/4 IN 1,171.75 TON $24.40 $28,590.70) $28,600
ASPHALT CEMENT PG 64 64-28 63.23 TON $614.80 $38,870.73 $38,900
EMULS ASPHALT CRS-2P 7.14 TON $512.76 $3,658.54 $3,700
STRIPING-WHITE EPOXY 20.50 GAL $54.71 $1,121.56 $1,100
STRIPING-YELLOW EPOXY 20.50 GAL $55.68 $1,141.44 $1,100
EASTBOUND ON-RAMP SUBTOTAL $150,663.29 $259,500
RAMPS - SINGLE 12' LANE (EASTBOUND OFF-RAMP)
4 FOOT RETAINING WALL 2,000.00 SQFT $54.00 $108,000
CRUSHED AGGREGATE COURSE 3,132.40 CUYD $17.33 $54,284.49 $54,300
TOP SURF 3/4 IN GR 3B 191.10 CUYD $27.90 $5,331.69 $5,300
COVER - TYPE 2 3,069.00 sQyYD $0.52 $1,595.88 $1,600
DUST PALLIATIVE 4.96 TON $0.00 $115.00 $600
PLANT MIX BIT SURF GR $-3/4 IN 871.90 TON $24.40 $21,274.36, $21,300
ASPHALT CEMENT PG 64 64-28 47.05 TON $614.80 $28,926.34 $28,900
EMULS ASPHALT CRS-2P 5.19 TON $512.76 $2,661.22 $2,700
STRIPING-WHITE EPOXY 13.00 GAL $54.71 $711.23 $700
STRIPING-YELLOW EPOXY 13.00 GAL $55.68 $723.84 $700
EASTBOUND OFF-RAMP SUBTOTAL $115,509.06 $224,100
RAMPS - SINGLE 12' LANE (WESTBOUND ON-RAMP)
4 FOOT RETAINING WALL 2,000.00 SQFT $54.00 $108,000
CRUSHED AGGREGATE COURSE 4,546.70 CUYD $17.33 $78,794.31 $78,800
TOP SURF 3/4 IN GR 3B 289.30 CUYD $27.90 $8,071.47 $8,100
COVER - TYPE 2 4,801.00 sQyYD $0.52 $2,496.52 $2,500
DUST PALLIATIVE 7.79 TON $0.00 $115.00 $900
PLANT MIX BIT SURF GR 5-3/4 IN 1,342.70 TON $24.40 $32,761.88 $32,800
ASPHALT CEMENT PG 64 64-28 72.45 TON $614.80 $44,542.26) $44,500
EMULS ASPHALT CRS-2P 8.15 TON $512.76 $4,178.99 $4,200
STRIPING-WHITE EPOXY 23.00 GAL $54.71 $1,258.33 $1,300
STRIPING-YELLOW EPOXY 23.00 GAL $55.68 $1,280.64 $1,300
WESTBOUND ON-RAMP SUBTOTAL $173,384.41 $282,400
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BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION I-2b

Planning Level Estimate of Costs

Average Bid Prices e Adjusted Unit Prices
Item Description Approx. Quantity Unit Unit Price Amount Unit Price Amount 2
Dollars Dollars Dollars Dollars
RAMPS - SINGLE 12' LANE (WESTBOUND OFF-RAMP)
4 FOOT RETAINING WALL 2,000.00 SQFT $54.00 $108,000
CRUSHED AGGREGATE COURSE 5,073.25 CUYD $17.33 $87,919.42 $87,900
TOP SURF 3/4 IN GR 3B 299.25 CUYD $27.90 $8,349.08 $8,300
COVER - TYPE 2 4,672.50 sQyYD $0.52 $2,429.70 $2,400
DUST PALLIATIVE 7.53 TON $0.00 $115.00 $900
PLANT MIX BIT SURF GR 5-3/4 IN 1,345.75 TON $24.40 $32,836.30) $32,800
ASPHALT CEMENT PG 64 64-28 72.63 TON $614.80 $44,652.92 $44,700
EMULS ASPHALT CRS-2P 7.88 TON $512.76 $4,040.55 $4,000
STRIPING-WHITE EPOXY 17.50 GAL $54.71 $957.43 $1,000
STRIPING-YELLOW EPOXY 17.50 GAL $55.68 $974.40 $1,000
WESTBOUND OFF-RAMP SUBTOTAL $182,159.80 $291,000
INTERCHANGE CROSS ROAD
UNCLASSIFIED EXCAVATION 3,000.00 CUYD $5.00 $15,000
CRUSHED AGGREGATE COURSE 869.70 CUYD $17.33 $15,071.90 $15,100
TOP SURF 3/4 IN GR 3B 51.30 CUYD $27.90 $1,431.27 $1,400
COVER - TYPE 2 801.00 SQyYD $0.52 $416.52 $400
DUST PALLIATIVE 1.29 TON $0.00 $115.00 $100
PLANT MIX BIT SURF GR 5-3/4 IN 230.70 TON $24.40 $5,629.08 $5,600
ASPHALT CEMENT PG 64 64-28 12.45 TON $614.80 $7,654.26 $7,700
EMULS ASPHALT CRS-2P 1.35 TON $512.76 $692.23 $700
STRIPING-WHITE EPOXY 3.00 GAL $54.71 $164.13 $200
STRIPING-YELLOW EPOXY 3.00 GAL $55.68 $167.04 $200
INTERCHANGE CROSSROAD SUBTOTAL $31,226.43 $46,400
ROUNDABOUT - 200 FOOT INSCRIBED CIRCLE DIAMETER 2.00 LS $0.00 $200,000.00 $400,000
EAST MAIN STREET
CRUSHED AGGREGATE COURSE 1,739.40 CUYD $17.33 $30,143.80) $30,100
TOP SURF 3/4 IN GR 3B 102.60 CUYD $27.90 $2,862.54 $2,900
COVER - TYPE 2 1,602.00 SQYD $0.52 $833.04 $800
DUST PALLIATIVE 2.58 TON $0.00 $115.00 $300
PLANT MIX BIT SURF GR 5-3/4 IN 461.40 TON $24.40 $11,258.16) $11,300
ASPHALT CEMENT PG 64 64-28 24.90 TON $614.80 $15,308.52 $15,300
EMULS ASPHALT CRS-2P 2.70 TON $512.76 $1,384.45 $1,400
STRIPING-WHITE EPOXY 6.00 GAL $54.71 $328.26 $300
STRIPING-YELLOW EPOXY 6.00 GAL $55.68 $334.08 $300
EAST MAIN STREET SUBTOTAL $62,452.85 $62,700
EAST 72ND STREET
CRUSHED AGGREGATE COURSE 1,739.40 CUYD $17.33 $30,143.80) $30,100
TOP SURF 3/4 IN GR 3B 102.60 CUYD $27.90 $2,862.54 $2,900
COVER - TYPE 2 1,602.00 sQyYD $0.52 $833.04 $800
DUST PALLIATIVE 2.58 TON $0.00 $115.00 $300
PLANT MIX BIT SURF GR 5-3/4 IN 461.40 TON $24.40 $11,258.16) $11,300
ASPHALT CEMENT PG 64 64-28 24.90 TON $614.80 $15,308.52 $15,300
EMULS ASPHALT CRS-2P 2.70 TON $512.76 $1,384.45 $1,400
STRIPING-WHITE EPOXY 6.00 GAL $54.71 $328.26 $300
STRIPING-YELLOW EPOXY 6.00 GAL $55.68 $334.08 $300
EAST 72ND STREET SUBTOTAL $62,452.85 $62,700
REROUTED SOUTH FRONTAGE ROAD
UNCLASSIFIED EXCAVATION 16,850.00 CUYD $5.00 $84,300
CRUSHED AGGREGATE COURSE 21,959.93 CUYD $17.33 $380,565.59 $380,600
TOP SURF 3/4 IN GR 3B 1,295.33 CUYD $27.90 $36,139.71 $36,100
COVER - TYPE 2 20,225.25 sQyYD $0.52 $10,517.13 $10,500
DUST PALLIATIVE 32.57 TON $0.00 $115.00 $3,700
PLANT MIX BIT SURF GR 5-3/4 IN 5,825.18 TON $24.40 $142,134.39 $142,100
ASPHALT CEMENT PG 64 64-28 314.36 TON $614.80 $193,268.53 $193,300
EMULS ASPHALT CRS-2P 34.09 TON $512.76 $17,479.99 $17,500
STRIPING-WHITE EPOXY 75.75 GAL $54.71 $4,144.28 $4,100
STRIPING-YELLOW EPOXY 75.75 GAL $55.68 $4,217.76 $4,200
REROUTED SOUTH FRONTAGE ROAD SUBTOTAL $788,467.37 $792,100
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BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION I-2b

Planning Level Estimate of Costs

Average Bid Prices !

Adjusted Unit Prices

Item Description Approx. Quantity Unit Unit Price Amount Unit Price Amount 2
Dollars Dollars Dollars Dollars
BRIDGE LENGTH (FT.) WIDTH (FT.) COST PER SQUARE FOOT * SUBTOTAL
BILLINGS BENCH CANAL
SINGLE EAST/WEST STRUCTURE 60.00 [ 36.00 $150.00 $324,000
INT MOSSMAIN ROAD-P 4
EB STRUCTURE 120.00 41.00 $150.00 $738,000
WB STRUCTURE 120.00 41.00 $150.00 $738,000
BRIDGE COST $1,476,000
BRIDGE COST SUBTOTAL $1,800,000
SUBTOTAL 1 $5,900,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL1* 20% $1,200,000
MOBILIZATION @ 10% OF SUBTOTAL 1° 10% $590,000
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $590,000
SUBTOTAL 2 $8,300,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $800,000
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2’ 2 21700000
30% $2,500,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ® $10,800,000
TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ® $11,600,000

! Average MDT bid prices provided for the period November 2010 to July 2011.
? Cost estimates are provided in 2011 dollars. All dollar amounts are rounded for planning purposes.
3 Planning level costs for simple bridge structures range on average between $110 and $150 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, lighting, 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 30 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.
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BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION I-2¢c

Planning Level Estimate of Costs

Average Bid Prices 3 Adjusted Unit Prices
Item Description Approx. Quantity | Unit Unit Price Amount Unit Price Amount >
Dollars Dollars Dollars Dollars
LUMINAIRES (200' OC ') MAINLINE
CONCRETE-CLASS DD ROAD 26.00 CUYD $903.03 $23,478.78 $23,500
CONDUIT-PLASTIC 1 1/2 IN 10,000.00 LNFT $5.32 $53,200.00 $53,200
PULL BOX-CONCRETE TYPE 2 0.00 EACH $505.28 $0.00 $0
CONDUCTOR-COPPER AWG10-600V 30,000.00 LNFT $0.69 $20,700.00 $20,700
LUMINAIRE ASSEMBLY-400 W S.V. 50.00 EACH $446.57 $22,328.50 $22,300
SERV ASSEMB-100 AMP 0.00 EACH $526.33 $0.00 $0
PHOTO ELECTRIC CONTROL 0.00 EACH $205.88 $0.00 $0
MAINLINE SUBTOTAL $119,707.28 $119,700
LUMINAIRES (200' OC ') RAMPS
CONCRETE-CLASS DD ROAD 20.80 CUYD $903.03 $18,783.02 $18,800
CONDUIT-PLASTIC 11/2 IN 8,000.00 LNFT $5.32 $42,560.00 $42,600
PULL BOX-CONCRETE TYPE 2 0.00 EACH $505.28 $0.00 $0
CONDUCTOR-COPPER AWG10-600V 24,000.00 LNFT $0.69 $16,560.00 $16,600
LUMINAIRE ASSEMBLY-400 W S.V. 40.00 EACH $446.57 $17,862.80 $17,900
SERV ASSEMB-100 AMP 0.00 EACH $526.33 $0.00 $0
PHOTO ELECTRIC CONTROL 0.00 EACH $205.88 $0.00 50
RAMPS SUBTOTAL $95,765.82 $95,900
SUBTOTAL 1 $215,600
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL1* 20% $43,100
MOBILIZATION @ 10% OF SUBTOTAL 1° 10% $21,600
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $21,600
SUBTOTAL 2 $301,900
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $29,100
; 20% $60,400
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2
30% $90,600
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ® $390,000
TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ® $420,000
' On center

2Average MDT bid prices provided for the period November 2010 to July 2011.
® Cost estimates are provided in 2011 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, lighting,

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.
7 A contingency range of 20 to 30 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.




‘ BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION B-2
Planning Level Estimate of Costs
DOWL HK M g

Bridge Length (Ft.) | Width (Ft.) Cost Per Square Foot * Amount 2
SOUTH 56TH STREET
EB STRUCTURE 153.00 31.60 $150.00 $725,200
WB STRUCTURE 153.00 31.60 $150.00 $725,200
APPROX AVERAGE BID PRICES ADJUSTED UNIT PRICES
ITEM DESCRIPTION QUANTIT.Y UNIT UNIT PRICE AMOUNT UNIT PRICE AMOUNT
DOLLARS DOLLARS DOLLARS DOLLARS
ADDITIONAL EMBANKMENT 2,000.00 CUYD $6.60 $13,200.00) $13,200
SUBTOTAL 1 $1,463,600
ADDITIONAL COSTS
MISCELLANEOUS @ 0% OF SUBTOTAL 1 3 0% 50
MOBILIZATION @ 10% OF SUBTOTAL 1 * 10% $146,400
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $146,400
SUBTOTAL 2 $1,800,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $173,500
6 20% $360,000
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2
30% $540,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ’ $2,300,000
TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ’ $2,500,000

! Planning level costs for simple bridge structures range on average between $110 and $150 per square foot. A conservative estimate of $150 per square foot was utilized for this
structure.

% Cost estimates are provided in 2011 dollars. All dollar amounts are rounded for planning purposes.

® Miscellaneous costs are assumed to be included within the per square foot cost.

* 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.

cA contingency range of 20 to 30 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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BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION M-3

Planning Level Estimate of Costs

id Prices 2 Adjusted Unit Prices
Tt Bt [ Approx. Quantity o m A;'erage Bid P":es T Pj 3
em Description nt nit Price mount nit Price
- (Per Station) ! Amotint
Dollars Dollars Dollars Dollars
3RD LANE DEPRESSED MEDIAN
EXCAVATION-UNCLASSIFIED 341.00 CUYD $4.07 $1,387.87 $1,400
CRUSHED AGGREGATE COURSE 417.70 CUYD $17.33 $7,238.74 $7,200
TOP SURF 3/4 IN GR 3B 32.60 CUYD $27.90 $909.54 $900
COVER - TYPE 2 1,373.00 SQYD $0.52 $713.96 $700
DUST PALLIATIVE 2.22 TON $0.00 $115.00 $300
PLANT MIX BIT SURF GR S-3/4 IN 168.30 TON $24.40 $4,106.52 $4,100
ASPHALT CEMENT PG 64-28 9.09 TON $614.80 $5,588.53 $5,600
EMULS ASPHALT CRS-2P 2.33 TON $512.76 $1,194.73 $1,200
GUTTER-CONC VALLEY 66.67 SQYD $69.89 $4,659.57 $4,700
STRIPING-WHITE EPOXY 3.00 GAL $54.71 $164.13 $200
STRIPING-YELLOW EPOXY 1.00 GAL $55.68 $55.68 $100
STORM DRAINAGE PER STATION 1.00 LS $0.00 $200.00 $200
GUARD RAIL-CABLE 100.00 LNFT $0.00 $14.00 $1,400
3RD LANE DEPRESSED MEDIAN SUBTOTAL $26,019.27 $28,000
RAMPS - SINGLE 12' LANE
CRUSHED AGGREGATE COURSE 77.80 CUYD $17.33 $1,348.27 $1,300
TOP SURF 3/4 IN GR 3B 6.70 CUYD $27.90 $186.93 $200
COVER - TYPE 2 133.00 SQYD $0.52 $69.16 $100
DUST PALLIATIVE 0.22 TON $0.00 $115.00 S0
PLANT MIX BIT SURF GR S-3/4 IN 34.30 TON $24.40 $836.92 $800
ASPHALT CEMENT PG 64 64-28 1.85 TON $614.80 $1,137.38 $1,100
EMULS ASPHALT CRS-2P 0.23 TON $512.76 $117.93 $100
STRIPING-WHITE EPOXY 1.00 GAL $54.71 $54.71 $100
STRIPING-YELLOW EPOXY 1.00 GAL $55.68 $55.68 $100
RAMPS - SINGLE 12' LANE SUBTOTAL $3,806.99 $3,800
ADDITIONAL EMBANKMENT 500.00 CUYD $14.00 $7,000.00 $7,000
2 FOOT RETAINING WALL 2,000.00 SQFT $54.00 $108,000
WB OFF-RAMP STRUCTURE & MSE RECONSTRUCTION 4 1.00 LS $0.00 $1,000,000
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
3RD LANE DEPRESSED MEDIAN 99.18 28,000.00 $2,800,000
RAMPS - SINGLE 12' LANE LENGTH
WEST BILLINGS EB OFF-RAMP 8.60
TOTAL RAMP LENGTH 8.60 3,800.00 $32,700
BRIDGE LENGTH (FT.) WIDTH (FT.) | COST PER SQUARE FOOT s SUBTOTAL
HOGANS SLOUGH
EB STRUCTURE 82.00 56.00 $150.00 $688,800
WB STRUCTURE 82.00 56.00 $150.00 $688,800
BRIDGE COST SUBTOTAL $1,400,000




‘ BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION M-3
Planning Level Estimate of Costs
DOWL HKM g

Approx. Quantity . Average Bid Prices > Adjusted Unit Prices
Item Description (Per Station) Unit Unit Price Amount Unit Price Amount *
Dollars Dollars Dollars Dollars
SUBTOTAL 1 $5,300,000
ADDITIONAL COSTS

MISCELLANEOUS @ 20% OF SUBTOTAL 1 ° 20% $1,060,000
MOBILIZATION @ 10% OF SUBTOTAL 1’ 10% $530,000
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $530,000
SUBTOTAL 2 $7,400,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ® 9.64% $713,400
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2 ° 2% 21,500,000
30% $2,200,000

TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY *° $9,600,000

TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY *° $10,300,000

! One station is equal to 100 feet.

ZAverage MDT bid prices provided for the period November 2010 to July 2011.

3 Cost estimates are provided in 2011 dollars. All dollar amounts are rounded for planning purposes.

* Cost estimate includes deconstructing existing MSE structure, drainage, geotechnical considerations including preloading fill, and reconstructing MSE structure.

° Planning level costs for simple bridge structures range on average between $110 and $150 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, lighting, 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.

oA contingency range of 20 to 30 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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BILLINGS AREA [-90 CORRIDOR PLANNING STUDY - OPTION U-4a

Planning Level Estimate of Costs

id Prices 2 Adjusted Unit Prices
- Approx. Quantity ) Average Bid Prices )
Item Description . 1 Unit Unit Price Amount Unit Price Amount 3
(Per Station)
Dollars Dollars Dollars Dollars
3RD LANE DEPRESSED MEDIAN
EXCAVATION-UNCLASSIFIED 341.00 CUYD $4.07 $1,387.87, $1,400.00
CRUSHED AGGREGATE COURSE 417.70 CUYD $17.33 $7,238.74 $7,200.00
TOP SURF 3/4 IN GR 3B 32.60 CUYD $27.90 $909.54 $900.00
COVER - TYPE 2 1373.00 sQyD $0.52 $713.96 $700.00
DUST PALLIATIVE 2.22 TON $0.00 $115.00 $300.00
PLANT MIX BIT SURF GR $-3/4 IN 168.30 TON $24.40 $4,106.52 $4,100.00
ASPHALT CEMENT PG 64-28 9.09 TON $614.80 $5,588.53 $5,600.00
EMULS ASPHALT CRS-2P 2.33 TON $512.76 $1,194.73 $1,200.00
GUTTER-CONC VALLEY 66.67 sQyD $69.89 $4,659.57 $4,700.00
STRIPING-WHITE EPOXY 3.00 GAL $54.71 $164.13 $200.00
STRIPING-YELLOW EPOXY 1.00 GAL $55.68 $55.68 $100.00
STORM DRAINAGE PER STATION 1.00 LS $0.00 $200.00 $200.00
GUARD RAIL-CABLE 100.00 LNFT $0.00 $14.00 $1,400.00
3RD LANE DEPRESSED MEDIAN SUBTOTAL $28,000
ADDITIONAL EMBANKMENT 2000.00 CUYD | $6‘60| $13,200.00 $13,200
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
3RD LANE DEPRESSED MEDIAN 31.72 $28,000.00 $888,200
BRIDGE LENGTH (FT.) WIDTH (FT.) | COST PER SQUARE FOOT * SUBTOTAL
INT W BILLINGS - U1020
EB STRUCTURE 185.00 [ 5600 ] $150.00 $1,600,000
SUBTOTAL BRIDGE COST $1,600,000
INT W BILLINGS - U1010
EB STRUCTURE 143.00 [ se00 ] $150.00 $1,200,000
SUBTOTAL BRIDGE COST $1,200,000
SUBTOTAL 1 $3,700,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1° 20% $740,000
MOBILIZATION @ 10% OF SUBTOTAL 1 ° 10% $370,000
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $370,000
SUBTOTAL 2 $5,200,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2’ 9.64% $501,300
e 20% $1,000,000
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2
30% $1,600,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $6,700,000
TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ° $7,300,000

! One station is equal to 100 feet.

% Average MDT bid prices provided for the period November 2010 to July 2011.
3 Cost estimates are provided in 2011 dollars. All dollar amounts are rounded for planning purposes.

“Planning level costs for simple bridge structures range on average between $110 and $150 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, lighting, 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 A contingency range of 20 to 30 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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BILLINGS AREA [-90 CORRIDOR PLANNING STUDY - OPTION U-4b

Planning Level Estimate of Costs

id Prices 2 Adjusted Unit Prices
- Approx. Quantity ) Average Bid Prices )
Item Description . 1 Unit Unit Price Amount Unit Price Amount 3
(Per Station)
Dollars Dollars Dollars Dollars
3RD LANE DEPRESSED MEDIAN
EXCAVATION-UNCLASSIFIED 341.00 CUYD $4.07 $1,387.87| $1,400
CRUSHED AGGREGATE COURSE 417.70 CUYD $17.33 $7,238.74 $7,200
TOP SURF 3/4 IN GR 3B 32.60 CUYD $27.90 $909.54 $900
COVER - TYPE 2 1,373.00 SQYD $0.52 $713.96 $700
DUST PALLIATIVE 2.22 TON $0.00 $115.00 $300
PLANT MIX BIT SURF GR S-3/4 IN 168.30 TON $24.40 $4,106.52 $4,100
ASPHALT CEMENT PG 64-28 9.09 TON $614.80 $5,588.53 $5,600
EMULS ASPHALT CRS-2P 2.33 TON $512.76 $1,194.73 $1,200
GUTTER-CONC VALLEY 66.67 SQYD $69.89 $4,659.57| $4,700
STRIPING-WHITE EPOXY 3.00 GAL $54.71 $164.13 $200
STRIPING-YELLOW EPOXY 1.00 GAL $55.68 $55.68 $100
STORM DRAINAGE PER STATION 1.00 LS $0.00 $200.00 S0
GUARD RAIL-CABLE 100.00 LNFT $0.00 $14.00 S0
3RD LANE DEPRESSED MEDIAN SUBTOTAL $26,400
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
3RD LANE DEPRESSED MEDIAN 41.72 $26,400 $1,100,000
BRIDGE LENGTH (FT.) WIDTH (FT.) | COST PER SQUARE FOOT 4 SUBTOTAL
INT W BILLINGS - U1020
EB STRUCTURE 185.00 56.00 $150 $1,600,000
WB STRUCTURE 185.00 56.00 $150 $1,600,000
SUBTOTAL BRIDGE COST $3,200,000
INT W BILLINGS - U1010
EB STRUCTURE 143.00 56.00 $150 $1,200,000
WB STRUCTURE 143.00 56.00 $150 $1,200,000
SUBTOTAL BRIDGE COST $2,400,000
SUBTOTAL 1 $6,700,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 s 20% $1,340,000
MOBILIZATION @ 10% OF SUBTOTAL 1 6 10% $670,000
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $670,000
SUBTOTAL 2 $9,400,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 § 9.64% $906,200
8 20% $1,900,000
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2
30% $2,800,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $12,200,000
TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ° $13,100,000

! One station is equal to 100 feet.

% Average MDT bid prices provided for the period November 2010 to July 2011.

3 Cost estimates are provided in 2011 dollars. All dollar amounts are rounded for planning purposes.

“Planning level costs for simple bridge structures range on average between $110 and $150 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, lighting, 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 A contingency range of 20 to 30 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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BILLINGS AREA I-90 CORRIDOR PLANNING STUDY - OPTION U-5

Planning Level Estimate of Costs

i id Prices 2 Adjusted Unit Prices
n Approx. Quantity ) Average Bid Prices )
Item Description L1 Unit Unit Price Amount Unit Price Amount *
(Per Station)
Dollars Dollars Dollars Dollars
3RD LANE DEPRESSED MEDIAN

EXCAVATION-UNCLASSIFIED 341.00 CUYD $4.07 $1,387.87 $1,400
CRUSHED AGGREGATE COURSE 417.70 CUYD $17.33 $7,238.74 $7,200
TOP SURF 3/4 IN GR 3B 32.60 CUYD $27.90 $909.54 $900
COVER - TYPE 2 1,373.00 SQYD $0.52 $713.96 $700
DUST PALLIATIVE 2.22 TON $0.00] $115.00 $300
PLANT MIX BIT SURF GR 5-3/4 IN 168.30 TON $24.40 $4,106.52 $4,100
ASPHALT CEMENT PG 64-28 9.09 TON $614.80 $5,588.53 $5,600
EMULS ASPHALT CRS-2P 2.33 TON $512.76 $1,194.73 $1,200
GUTTER-CONC VALLEY 66.67 SQYD $69.89 $4,659.57, $4,700
STRIPING-WHITE EPOXY 3.00 GAL $54.71 $164.13 $200
STRIPING-YELLOW EPOXY 1.00 GAL $55.68 $55.68 $100
STORM DRAINAGE PER STATION 1.00 LS $0.00] $200.00 $200
GUARD RAIL-CABLE 100.00 LNFT $0.00] $14.00 $1,400
3RD LANE DEPRESSED MEDIAN SUBTOTAL $28,000

CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL

3RD LANE DEPRESSED MEDIAN 30.00 $28,000.00 $840,000

SUBTOTAL 1 $840,000

ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL1* 20% $168,000
MOBILIZATION @ 10% OF SUBTOTAL1° 10% $84,000
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $84,000
SUBTOTAL 2 $1,200,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $115,700
,; 20% $200,000
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2
30% $400,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ® $1,500,000
TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ® $1,700,000

! One station is equal to 100 feet.

2Average MDT bid prices provided for the period November 2010 to July 2011.

® Cost estimates are provided in 2011 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, lighting,
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.
7 A contingency range of 20 to 30 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.
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BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION M-5
Planning Level Estimate of Costs

id Prices 2 Adjusted Unit Prices
- Approx. Quantity ) Average Bid Prices )
Item Description L1 Unit Unit Price Amount Unit Price Amount 3
(Per Station)
Dollars Dollars Dollars Dollars
3RD LANE DEPRESSED MEDIAN
EXCAVATION-UNCLASSIFIED 341.00 CUYD $4.07 $1,387.87| $1,400
CRUSHED AGGREGATE COURSE 417.70 CUYD $17.33 $7,238.74 $7,200
TOP SURF 3/4 IN GR 3B 32.60 CUYD $27.90 $909.54 $900
COVER - TYPE 2 1,373.00 SQYD $0.52 $713.96 $700
DUST PALLIATIVE 2.22 TON $0.00 $115.00 $300
PLANT MIX BIT SURF GR S-3/4 IN 168.30 TON $24.40 $4,106.52 $4,100
ASPHALT CEMENT PG 64-28 9.09 TON $614.80 $5,588.53 $5,600
EMULS ASPHALT CRS-2P 2.33 TON $512.76 $1,194.73 $1,200
GUTTER-CONC VALLEY 66.67 SQYD $69.89 $4,659.57| $4,700
STRIPING-WHITE EPOXY 3.00 GAL $54.71 $164.13 $200
STRIPING-YELLOW EPOXY 1.00 GAL $55.68 $55.68 $100
STORM DRAINAGE PER STATION 1.00 LS $0.00 $200.00 $200
GUARD RAIL-CABLE 100.00 LNFT $0.00 $14.00 $1,400
3RD LANE DEPRESSED MEDIAN SUBTOTAL $26,019.27, $28,000
RAMPS - SINGLE 12' LANE
CRUSHED AGGREGATE COURSE 77.80 CUYD $17.33 $1,348.27| $1,300
TOP SURF 3/4 IN GR 3B 6.70 CUYD $27.90 $186.93 $200
COVER - TYPE 2 133.00 SQYD $0.52 $69.16 $100
DUST PALLIATIVE 0.22 TON $0.00 $115.00 S0
PLANT MIX BIT SURF GR S-3/4 IN 34.30 TON $24.40 $836.92 $800
ASPHALT CEMENT PG 64 64-28 1.85 TON $614.80 $1,137.38] $1,100
EMULS ASPHALT CRS-2P 0.23 TON $512.76 $117.93 $100
STRIPING-WHITE EPOXY 1.00 GAL $54.71 $54.71 $100
STRIPING-YELLOW EPOXY 1.00 GAL $55.68 $55.68 $100
RAMPS - SINGLE 12' LANE SUBTOTAL $3,806.99 $3,800.00
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
3RD LANE DEPRESSED MEDIAN 134.00 $28,000.00 $3,800,000
RAMPS - SINGLE 12' LANE LENGTH
SOUTH 27TH STREET EB OFF-RAMP 3.50
SOUTH BILLINGS WB OFF-RAMP 3.50
TOTAL RAMP LENGTH 7.00 $3,800.00 $26,600
BRIDGE LENGTH (FT.) WIDTH (FT.) | COST PER SQUARE FOOT 4 SUBTOTAL
SUGAR AVENUE
SINGLE NORTH/SOUTH STRUCTURE 310.00 | 28.00 | $150.00 $1,300,000
SUBTOTAL BRIDGE COST $1,300,000
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BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION M-5

Planning Level Estimate of Costs

Approx. Quantity

Average Bid Prices 2

Adjusted Unit Prices

Item Description (Per Station) Unit Unit Price Amount Unit Price Amount >
Dollars Dollars Dollars Dollars
SUBTOTAL 1 $5,100,000
ADDITIONAL COSTS

MISCELLANEOUS @ 20% OF SUBTOTAL 1° 20% $1,000,000
MOBILIZATION @ 10% OF SUBTOTAL 1 ° 10% $510,000
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $510,000
SUBTOTAL 2 $7,100,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2’ 9.64% $684,400
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2 ® 20% 21,400,000
30% $2,100,000

TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $9,200,000

TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ° $9,900,000

! One station is equal to 100 feet.

ZAverage MDT bid prices provided for the period November 2010 to July 2011.
3 Cost estimates are provided in 2011 dollars. All dollar amounts are rounded for planning purposes.

4 Planning level costs for simple bridge structures range on average between $110 and $150 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, lighting, 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 contingency range of 20 to 30 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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BILLINGS AREA I-90 CORRIDOR PLANNING STUDY - OPTION U-6

Planning Level Estimate of Costs

i id Prices 2 Adjusted Unit Prices
n Approx. Quantity ) Average Bid Prices )
Item Description L1 Unit Unit Price Amount Unit Price Amount *
(Per Station)
Dollars Dollars Dollars Dollars
3RD LANE DEPRESSED MEDIAN

EXCAVATION-UNCLASSIFIED 341.00 CUYD $4.07 $1,387.87 $1,400
CRUSHED AGGREGATE COURSE 417.70 CUYD $17.33 $7,238.74 $7,200
TOP SURF 3/4 IN GR 3B 32.60 CUYD $27.90 $909.54 $900
COVER - TYPE 2 1,373.00 SQYD $0.52 $713.96 $700
DUST PALLIATIVE 2.22 TON $0.00] $115.00 $300
PLANT MIX BIT SURF GR 5-3/4 IN 168.30 TON $24.40 $4,106.52 $4,100
ASPHALT CEMENT PG 64-28 9.09 TON $614.80 $5,588.53 $5,600
EMULS ASPHALT CRS-2P 2.33 TON $512.76 $1,194.73 $1,200
GUTTER-CONC VALLEY 66.67 SQYD $69.89 $4,659.57, $4,700
STRIPING-WHITE EPOXY 3.00 GAL $54.71 $164.13 $200
STRIPING-YELLOW EPOXY 1.00 GAL $55.68 $55.68 $100
STORM DRAINAGE PER STATION 1.00 LS $0.00] $200.00 $200
GUARD RAIL-CABLE 100.00 LNFT $0.00] $14.00 $1,400
3RD LANE DEPRESSED MEDIAN SUBTOTAL $28,000

CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL

3RD LANE DEPRESSED MEDIAN 35.00 $28,000.00 $980,000

SUBTOTAL 1 $980,000

ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL1* 20% $196,000
MOBILIZATION @ 10% OF SUBTOTAL1° 10% $98,000
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $98,000
SUBTOTAL 2 $1,400,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ° 9.64% $135,000
,; 20% $300,000
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2
30% $400,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ® $1,800,000
TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ® $1,900,000

! One station is equal to 100 feet.

2Average MDT bid prices provided for the period November 2010 to July 2011.

® Cost estimates are provided in 2011 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, lighting,
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.
7 A contingency range of 20 to 30 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.
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BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION M-6
Planning Level Estimate of Costs

id Prices 2 Adjusted Unit Prices
- Approx. Quantity ) Average Bid Prices )
Item Description L1 Unit Unit Price Amount Unit Price Amount 3
(Per Station)
Dollars Dollars Dollars Dollars
3RD LANE DEPRESSED MEDIAN
EXCAVATION-UNCLASSIFIED 341.00 CUYD $4.07 $1,387.87| $1,400
CRUSHED AGGREGATE COURSE 417.70 CUYD $17.33 $7,238.74 $7,200
TOP SURF 3/4 IN GR 3B 32.60 CUYD $27.90 $909.54 $900
COVER - TYPE 2 1,373.00 SQYD $0.52 $713.96 $700
DUST PALLIATIVE 2.22 TON $0.00 $115.00 $300
PLANT MIX BIT SURF GR S-3/4 IN 168.30 TON $24.40 $4,106.52 $4,100
ASPHALT CEMENT PG 64-28 9.09 TON $614.80 $5,588.53 $5,600
EMULS ASPHALT CRS-2P 2.33 TON $512.76 $1,194.73 $1,200
GUTTER-CONC VALLEY 66.67 SQYD $69.89 $4,659.57| $4,700
STRIPING-WHITE EPOXY 3.00 GAL $54.71 $164.13 $200
STRIPING-YELLOW EPOXY 1.00 GAL $55.68 $55.68 $100
STORM DRAINAGE PER STATION 1.00 LS $0.00 $200.00 $200
GUARD RAIL-CABLE 100.00 LNFT $0.00 $14.00 $1,400
3RD LANE DEPRESSED MEDIAN SUBTOTAL $26,019.27, $28,000
RAMPS - SINGLE 12' LANE
CRUSHED AGGREGATE COURSE 77.80 CUYD $17.33 $1,348.27| $1,300
TOP SURF 3/4 IN GR 3B 6.70 CUYD $27.90 $186.93 $200
COVER - TYPE 2 133.00 SQYD $0.52 $69.16 $100
DUST PALLIATIVE 0.22 TON $0.00 $115.00 S0
PLANT MIX BIT SURF GR S-3/4 IN 34.30 TON $24.40 $836.92 $800
ASPHALT CEMENT PG 64 64-28 1.85 TON $614.80 $1,137.38] $1,100
EMULS ASPHALT CRS-2P 0.23 TON $512.76 $117.93 $100
STRIPING-WHITE EPOXY 1.00 GAL $54.71 $54.71 $100
STRIPING-YELLOW EPOXY 1.00 GAL $55.68 $55.68 $100
RAMPS - SINGLE 12' LANE SUBTOTAL $3,806.99 $3,800
CATEGORY LENGTH (STA) COST PER STATION SUBTOTAL
3RD LANE DEPRESSED MEDIAN 83.07 $28,000.00 $2,300,000
RAMPS - SINGLE 12' LANE LENGTH
LOCKWOOD EB OFF-RAMP 4.50
SOUTH 27TH STREET WB OFF-RAMP 3.00
TOTAL RAMP LENGTH 7.50 $3,800.00 $28,500
BRIDGE LENGTH (FT.) WIDTH (FT.) | COST PER SQUARE FOOT 4 SUBTOTAL
MT POWER RR SPUR
EB STRUCTURE 148.00 56.00 $150.00 $1,200,000
WB STRUCTURE 148.00 56.00 $150.00 $1,200,000
SUBTOTAL BRIDGE COST $2,400,000
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BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION M-6

Planning Level Estimate of Costs

Approx. Quantity

Average Bid Prices 2

Adjusted Unit Prices

Item Description (Per Station) Unit Unit Price Amount Unit Price Amount >
Dollars Dollars Dollars Dollars
SUBTOTAL 1 $4,700,000
ADDITIONAL COSTS

MISCELLANEOUS @ 20% OF SUBTOTAL 1° 20% $900,000
MOBILIZATION @ 10% OF SUBTOTAL 1 ° 10% $470,000
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $470,000
SUBTOTAL 2 $6,500,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2’ 9.64% $626,600
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2 ® 20% 21,300,000
30% $2,000,000

TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $8,400,000

TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ° $9,100,000

! One station is equal to 100 feet.

ZAverage MDT bid prices provided for the period November 2010 to July 2011.
3 Cost estimates are provided in 2011 dollars. All dollar amounts are rounded for planning purposes.

4 Planning level costs for simple bridge structures range on average between $110 and $150 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, lighting, 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 contingency range of 20 to 30 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.




‘ BILLINGS AREA 1-90 CORRIDOR PLANNING STUDY - OPTION B-6
Planning Level Estimate of Costs
DOwWL HK M g

Bridge Length (Ft.) Width (Ft.) Cost Per Square Foot * Amount 2
YELLOWSTONE RIVER
EB STRUCTURE 945.00 56.00 $200.00 $10,600,000
WB STRUCTURE 930.25 56.00 $200.00 $10,400,000
SUBTOTAL 1 $21,000,000
ADDITIONAL COSTS
MISCELLANEOUS @ 0% OF SUBTOTAL 1 3 0% $0
MOBILIZATION @ 10% OF SUBTOTAL1* 10% $2,100,000
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $2,100,000
SUBTOTAL 2 $25,200,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 ® 9.64% $2,400,000
o 20% $5,000,000
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2
30% $7,600,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ’ $32,600,000
TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ’ $35,200,000

! Due to the complexity of constructing a multi-span structure over the Yellowstone River, to be conservative an estimate of $200 per square foot was utilized. This cost does not include
enhanced design or aesthetic features associated with a signature bridge structure.

2 Planning level costs may range between $150 and $200 per square foot. Cost estimates are provided in 2011 dollars. All dollar amounts are rounded for planning purposes.

3 Miscellaneous costs are assumed to be included within the per square foot cost.

* 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 30 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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BILLINGS AREA [-90 CORRIDOR PLANNING STUDY - OPTION U-7

Planning Level Estimate of Costs

Approx. Quantity

Average Bid Prices 2

Adjusted Unit Prices

Item Description 1 Unit Unit Price Amount Unit Price Amount 3
(Per Station)
Dollars Dollars Dollars Dollars
3RD LANE DEPRESSED MEDIAN
EXCAVATION-UNCLASSIFIED 341.00 CUYD $4.07 $1,387.87, $1,400
CRUSHED AGGREGATE COURSE 417.70 CUYD $17.33 $7,238.74 $7,200
TOP SURF 3/4 IN GR 3B 32.60 CUYD $27.90 $909.54 $900
COVER - TYPE 2 1,373.00 sQyD $0.52 $713.96 $700
DUST PALLIATIVE 2.22 TON $0.00 $115.00 $300
PLANT MIX BIT SURF GR $-3/4 IN 168.30 TON $24.40 $4,106.52 $4,100
ASPHALT CEMENT PG 64-28 9.09 TON $614.80 $5,588.53 $5,600
EMULS ASPHALT CRS-2P 2.33 TON $512.76 $1,194.73 $1,200
GUTTER-CONC VALLEY 66.67 sQyD $69.89 $4,659.57 $4,700
STRIPING-WHITE EPOXY 3.00 GAL $54.71 $164.13 $200
STRIPING-YELLOW EPOXY 1.00 GAL $55.68 $55.68 $100
STORM DRAINAGE PER STATION 1.00 LS $0.00 $200.00 $200
GUARD RAIL-CABLE 100.00 LNFT $0.00 $14.00 $1,400
3RD LANE DEPRESSED MEDIAN SUBTOTAL $28,000
ADDITIONAL EMBANKMENT 6,000.00 CUYD | $6‘60| $39,600.00 $39,600
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
3RD LANE DEPRESSED MEDIAN 35.00 $28,000.00 $980,000
SUBTOTAL 1 $1,019,600
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1° 20% $203,900
MOBILIZATION @ 10% OF SUBTOTAL 1 ° 10% $102,000
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $102,000
SUBTOTAL 2 $1,400,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2’ 9.64% $135,000
e 20% $300,000
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2
30% $400,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ° $1,800,000
TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ° $1,900,000

! One station is equal to 100 feet.

ZAverage MDT bid prices provided for the period November 2010 to July 2011.

3 Cost estimates are provided in 2011 dollars. All dollar amounts are rounded for planning purposes.

“Planning level costs for simple bridge structures range on average between $110 and $150 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, lighting, 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 A contingency range of 20 to 30 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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BILLINGS AREA [-90 CORRIDOR PLANNING STUDY - OPTION M-7

Planning Level Estimate of Costs

. id Prices 2 Adjusted Unit Prices
n Approx. Quantity ) Average Bid Prices )
Item Description L1 Unit Unit Price Amount Unit Price Amount *
(Per Station)
Dollars Dollars Dollars Dollars
3RD LANE DEPRESSED MEDIAN
EXCAVATION-UNCLASSIFIED 341.00 CUYD $4.07 $1,387.87 $1,400
CRUSHED AGGREGATE COURSE 417.70 CUYD $17.33 $7,238.74 $7,200
TOP SURF 3/4 IN GR 3B 32.60 CUYD $27.90 $909.54 $900
COVER - TYPE 2 1,373.00 SQYD $0.52 $713.96 $700
DUST PALLIATIVE 2.22 TON $0.00 $115.00 $300
PLANT MIX BIT SURF GR S-3/4 IN 168.30 TON $24.40 $4,106.52 $4,100
ASPHALT CEMENT PG 64-28 9.09 TON $614.80 $5,588.53 $5,600
EMULS ASPHALT CRS-2P 2.33 TON $512.76 $1,194.73 $1,200
GUTTER-CONC VALLEY 66.67 SQYD $69.89 $4,659.57 $4,700
STRIPING-WHITE EPOXY 3.00 GAL $54.71 $164.13 $200
STRIPING-YELLOW EPOXY 1.00 GAL $55.68 $55.68] $100
STORM DRAINAGE PER STATION 1.00 LS $0.00 $200.00 $200
GUARD RAIL-CABLE 100.00 LNFT $0.00 $14.00 $1,400
3RD LANE DEPRESSED MEDIAN SUBTOTAL $26,019.27 $28,000
RAMPS - SINGLE 12' LANE
CRUSHED AGGREGATE COURSE 77.80 CUYD $17.33 $1,348.27 $1,300
TOP SURF 3/4 IN GR 3B 6.70 CUYD $27.90 $186.93 $200
COVER - TYPE 2 133.00 SQYD $0.52 $69.16 $100
DUST PALLIATIVE 0.22 TON $0.00 $115.00 S0
PLANT MIX BIT SURF GR S-3/4 IN 34.30 TON $24.40 $836.92 $800
ASPHALT CEMENT PG 64 64-28 1.85 TON $614.80 $1,137.38 $1,100
EMULS ASPHALT CRS-2P 0.23 TON $512.76 $117.93 $100
STRIPING-WHITE EPOXY 1.00 GAL $54.71 $54.71 $100
STRIPING-YELLOW EPOXY 1.00 GAL $55.68 $55.68 $100
RAMPS - SINGLE 12' LANE SUBTOTAL $3,806.99 $3,800
CATEGORY LENGTH (STA.) COST PER STATION SUBTOTAL
3RD LANE DEPRESSED MEDIAN 111.00 $28,000.00 $3,100,000
RAMPS - SINGLE 12' LANE LENGTH
JOHNSON LANE EB OFF-RAMP 4.75
LOCKWOOD WB OFF-RAMP 3.00
TOTAL RAMP LENGTH 7.75 $3,800.00 $29,500
SUBTOTAL 1 $3,100,000
ADDITIONAL COSTS
MISCELLANEOUS @ 20% OF SUBTOTAL 1 4 20% $620,000
MOBILIZATION @ 10% OF SUBTOTAL 1 ® 10% $310,000
CONSTRUCTION ENGINEERING @ 10% OF SUBTOTAL 1 10% $310,000
SUBTOTAL 2 $4,300,000
INDIRECT COST (IDC) - CONSTRUCTION @ 9.64% OF SUBTOTAL 2 6 9.64% $414,500
7 20% $900,000
CONTINGENCY @ 20% & 30% OF SUBTOTAL 2
30% $1,300,000
TOTAL IMPROVEMENT OPTION COST @ 20% CONTINGENCY ® $5,600,000
TOTAL IMPROVEMENT OPTION COST @ 30% CONTINGENCY ® $6,000,000

! One station is equal to 100 feet.

2Average MDT bid prices provided for the period November 2010 to July 2011.
3 Cost estimates are provided in 2011 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, lighting,

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 tranportating 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 30 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.
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