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1.0 PROJECT BACKGROUND AND INTRODUCTION

1.1 Project Location

The City of Bend (City) in Central Oregon is within Deschutes County and located to the east of
the Cascade Mountain Range near the Deschutes River. The City is in a high desert climate,
with mild temperatures in the summer and cold but sunny winters. The City is growing with a
population near 105,000 and Reed Market Road is one of the main arterials carrying east-west
traffic through the city.

The project site is approximately one mile east of Highway 97, the City’s main north-south
thoroughfare, and approximately 2.5 miles southeast of the city center (Figure 1). The project
limits extend east to west from the American Lane Intersection to approximately 250 feet east of
SE Quill Place and are bisected by the Burlington Northern Santa Fe (BNSF) railroad. The
north-south limits include 1,000 feet (ft) of the railroad right-of-way (ROW) past Reed Market
Road in each direction. Additional work limits to the south include the new American Lane
bridge and old American Lane bridge over the Central Oregon Irrigation District (COID) Canal,
driveway access to nearby businesses, and Quill Place. To the north, SE 9th Street for up to
approximately 375 ft and driveway access to nearby businesses are included in the project

area.
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Figure 1. Reed Market Project Location and Approximate API
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1.2 Project Overview

In 2020, Bend voters passed a $190-million-dollar General Obligation (GO) Bond to complete
priority transportation projects throughout the city. One of the cornerstone projects that led to
the GO Bond measure passing was the grade-separated crossing of the BNSF rail line on Reed
Market Road. Currently, six to eight trains cross Reed Market Road each day, which creates
delays between five and 20 minutes, leading to increased greenhouse gas emissions,
compromised emergency response times, and presents an ongoing constraint to travel for all
users along this critical east-west corridor. Eliminating this at-grade crossing will increase both
the east-to-west traffic capacity for the city, emergency service response, and improve
multimodal continuity along one of its most important corridors.

BNSF Right-of-way at the Reed Market Road intersection is not a consistent width. Immediately
north of the intersection the BNSF right-of-way is 170 feet and narrows to 100-foot-wide
approximately 600-feet north of the intersection. Immediately south of the intersection the BNSF
right of way is 125-feet wide. The inconsistency in width is the result of two different now defunct
railroads having tracks that existed in this area in the early 1900s. BNSF acquired by deed
between 1909 and 1915 the right of way for the Oregon Trunk Railway as a 100-foot wide
corridor, 50-feet on each side of and parallel with the center of the tracks. Reed Market ROW
was created by Deschutes County as 60’ wide in 1926. In 1931 BNSF acquired an additional
100-foot of right of way for the Great Northern Railway lying west of and not parallel to the
Oregon Trunk Railway tracks. Today only one set of tracks exist, located approximately in the
location of the Great Northern Railway alignment. The Oregon Trunk railway tracks were
removed; however, the right of way is still in place.

The span length and width of the structure at this intersection will depend on whether ROW —
either a permanent or temporary easement — can be acquired from BNSF. BNSF has reviewed
and provided feedback on an initial concept sketch. The design team is advancing the concept
design alternatives described in this report while acknowledging the city will require concurrence
from the railroad for the final bridge footprint.

Removing the at-grade crossing will require a structure that will impact the existing Reed Market
corridor. Reed Market Road’s approaches will need to be either raised or lowered to cross over
or under the BNSF right-of-way. Changing the grade of Reed Market Road’s approaches will
impact the nearby intersections, including American Lane, multiple commercial driveways, SE
9th Street, and SE Quill Place. Additionally, changing the grades of Reed Market Road’s
approaches will require retaining walls for the necessary grade adjustments, utility re-routing
(storm, water, sewer, private utilities), and changes to pedestrian routes.

The American Lane Bridge, constructed in 2015, approaches Reed Market from the south,
supported on single-span box beams. The design team has prioritized minimizing vertical
impacts at the bridge that would require altering the bridge structure or major rework of the
signal poles at the Reed Market/American Lane intersection. As a result, the vertical profile of
the corridor for each alternative is being set to avoid impacts to the American Lane Bridge.
Impacts at SE 9th and American Lane are discussed in detail for each alternative.
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2.0 DESIGN CRITERIA

2.1 Roadway Design Criteria

The existing section of SE Reed Market Road from American Lane to SE 15™ Street consists of
a four-lane roadway section (two lanes east, one lane west), a center median, non-buffered bike
lanes, concrete sidewalk on the north, concrete shared-use-path on the south, at-grade railroad
crossing, and intersections with SE 9" Street to the north, and SE Quill Place to the south. The
north side of the road is mainly commercial and industrial properties. The south side of the road
west of the railroad crossing consists of Central Oregon Irrigation District canal and commercial
properties. The east side of the rail crossing south of the road has a recent single and multi-
family development with a local street intersection at SE Quill Place. The posted speed along
this section of the corridor is 35mph.
The roadways are designed to meet the following standards.

= City of Bend 2024 Standards and Specifications

= City of Bend Signing and Marking Manual

= City of Bend Complete Streets Manual

= City of Bend Pedestrian Implementation Plan

= AASHTO A Policy on Geometric Design of Highways and Streets, 2018, 7th Edition

= Manual on Uniform Traffic Control Devices for Streets and Highways, 2025, 11th Edition

= Public Right of Way Accessibility Guidelines

= QOregon Fire Code, 2019
Several design deviations will be requested and are outlined below.

SE Reed Market Road

= Request to deviate from STD DWG R-1A Typical Street Cross-Sections - Arterial.
Request to modify the 5 Lane Arterial - No Parking to a 4 Lane Section, maintaining
travel, turn, buffer, and bike lane widths. Maintain the 8' Sidewalk/Path width but vary the
5' Planter width to 0" across the bridge.

» Request to close ADA crossings at the SE 9th Street intersection due to roadway profile
over 5% and sight distance from the west. Crossings will be directed to the pedestrian
tunnel or to the signalized intersection at SE American Lane.

» Request to deviate from 14-foot wide standard sewer access road for maintenance,
reducing the width to 10 feet to avoid ROW acquisition from the Spider City property.
SE 9th Street

= Request to exceed maximum roadway profile of 6% to minimize impacts to existing
property access.

= Request to reduce design speed to 25mph to minimize impacts to existing property
access.
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= Request to reduce planter widths of 2 Lane Collector - No Parking from 9'to 5' to
minimize property impacts, allow for a path connection under Reed Market Rd., and
minimize structural fill.

= Request to restrict left turns from SE 9th Street onto SE Reed Market due to limited
intersection sight distance west.
SE Quill Place

» Request closure of the SE Quill Place intersection with SE Reed Market due to grade
difference of Reed Market for new overcrossing.

= Request to maintain a gate-controlled fire access lane, 20 feet wide, from SE Reed
Market Road to SE Quill Place to meet Oregon Fire Code.

2.2 Bridge Design Criteria
The new railroad overcrossing bridge, pedestrian tunnel, and retrofits to the Old American Lane

bridge will be designed to comply with the following standards as applicable:

» AASHTO Guide Specifications for Seismic Bridge Design, 2nd Edition. 2011 with 2015
Interims

= AASHTO LRFD Bridge Design Specifications, 10th Edition. 2024

= Union Pacific Railroad — BNSF Railway Guidelines for Railroad Grade Separation
Project

» The clear opening size of the pedestrian tunnel will be 16 feet wide by 12 feet high. The
intent is to provide enough width to not feel squeezed and enough height to pass typical
maintenance vehicles.

The following documents will be used as guidance but are not assigned as design criteria.

= ODOT Bridge Design Manual (BDM), October 2024

= ODOT Geotechnical Design Manual, May 2024
2.3 Railroad Design Criteria

The bridge will be designed to meet the requirements for the BNSF Railway listed in the Union
Pacific Railroad — BNSF Railway Guidelines for Railroad Grade Separation Projects (The
Guidelines). The BNSF Railway requirements are outlined below.

= The bridge clearance windows will be designed to accommodate one future track 20 feet
to the west of the existing track.

» The bridge will accommodate two future access roads, one centered 20’-6” to the east of
the existing track, and one 20’-6” to the west of the future track.

= The outside edge of access roads shall be located a minimum of 27 feet from the
centerline of existing or future tracks.

= Use of MSE Walls on Railroad right-of-way, not supporting railroad embankment, require
written justification and request for variance for the proposed design.
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= Mechanically stabilized earth (MSE) walls will be a minimum of 50 feet from the
centerline of existing or future tracks.

* A minimum 42-inch tall, cast-in-place bridge rail without any openings shall extend to the
greater of either BNSF right-of-way or 25 feet from centerline of existing track. A
protective fence shall be provided on the bridge rail and be a minimum of 10 feet tall.

The project team has submitted a concept railroad exhibit to BNSF with a request to allow the
minimum required permanent and construction clearances outlined in The Guidelines rather
than spanning the existing BNSF ROW. This exhibit also notes the use of MSE walls on the
existing BNSF ROW. The design team has submitted the formal concept design submittal to
BNSF and is awaiting a response.

3.0 ALTERNATIVES CONSIDERED

Four alternatives have been considered and evaluated during this analysis. The first alternative
is a bridge overcrossing the BNSF railroad with a span length that provides the minimum
required clearances for the existing and one future track as outlined in The Guidelines. The
second alternative is a bridge overcrossing that would span the BNSF ROW immediately north
of the intersection of Reed Market Road and the BNSF track. The third alternative is a bridge
overcrossing that would span the BNSF ROW immediately south of the intersection. The final
alternative is an undercrossing that would lower Reed Market Road below the existing and
future BNSF track. These alternatives are discussed in further detail in the following sections.

3.1 Alternative 1 — Short Span (86ft)
3.1.1 Roadway/Pedestrian Considerations
3.1.1.1 Horizontal Designs

3.1.1.1.1 SE Reed Market Road

The SE Reed Market Road alignment and horizontal elements for the short span alternative
generally matches the existing roadway configuration. The vertical design for the Short Span
Alternative, discussed below, generally allow the American Lane intersection to remain in its
current configuration.

From the American Lane intersection to the 9th Street intersection, the existing four-lane
roadway section will be maintained with two 11-foot eastbound travel lanes, a 12-foot center
turn lane, an 11-foot westbound travel lane, as well as buffered bike lanes (5.5-foot bike lane
with 2.5-foot buffer), eastbound and westbound. 8-foot sidewalks are provided on both sides
and in each direction, with planted buffer strips provided outside of the bridge area, as feasible.
Figure 2 below shows this cross section. Within the bridge area, the sidewalks are curb-tight to
minimize the bridge width.
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LANDSCAPE
VARIES

LANDSGAPE
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Figure 2. Reed Market Road Typical Cross Section— American to 9th Street

The 9th Street intersection is maintained, but as a movement-controlled intersection, restricting
movement from SE 9th Street onto SE Reed Market Road due to intersection sight distance
constraints created by the crest vertical curve of the roadway envelope. At-grade pedestrian
crossings of SE Reed Market Road at this intersection are to be closed due to the profile of
Reed Market Road exceeding 5% and due to safety and sight distance concerns. Pedestrians
will be directed to the American Lane and 15th Street intersections for safe at-grade crossings
or to a new pedestrian tunnel highlighted in teal. See Figure 3 below.
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Figure 3. Intersection of SE Reed Market Road and SE 9th Street.

From the SE 9th Street intersection to the SE Quill Place intersection, the center turn lane is
reduced in width due to no access points along this section of roadway, allowing the roadway to
narrow. See Figure 4 below. This narrowed roadway width provides additional width to construct
a shared use path ramp connection from the south Reed Market Road sidewalk to the existing
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trail from the south, through the pedestrian tunnel and connect to the upcoming Bend Bikeways
project on SE 9th Street.

VARIES el 25 1.5 RAISED 25 Bl VARIES
8w 055 BIKE LANE__BUFFE 11.0' TRAVEL LANE 4.5' STRIPED,_ 11.0' TRAVEL LANE 11.0" TRAVEL LANE UFFER_ BIKELANE __ 0'55' & sw 10' SUP RAMP.

[«

\ PROPOSED \
RETAINING WALL PROPOSED

RETAINING WALL

Figure 4. Reed Market Road Typical Cross Section—9!" Street to Quill Place

The intersection of SE Quill Place will be closed due to the vertical grade difference of the new
SE Reed Market Road, discussed below.

3.1.1.1.2 SE 9" Street

SE 9th Street will transition from the existing three-lane collector road to a “2-Lane Collector —
No Parking” road section per City of Bend Standards due to the turn restriction discussed
above. Additionally, to minimize required fill and to provide adequate space within the existing
right of way for the trail connection from the south to the Bend Bikeways project, the standard 9-
foot-wide planter strip is proposed to be 5-feet. Buffered bike lanes are provided per City of
Bend Standards. A sewer access and pedestrian pathway is proposed to the west of the
roadway. See Figure 5 below.

80'-90' EXIST ROW

LANDSCAPE 6' 5 11" 11" 5 6 LANDSCAPE
16.0° 8SW , 55 | BIKE BUFFER TRAVEL LANE , TRAVEL LANE BUFFER BIKE , 55 ., 8SW 3
. 10suP |, @
| | ,
E__JA\_ PROPOSED —"
PROPOSED RETAINING
RETAINING WALL
WALL

Figure 5. SE 9" Street Typical Section.

3.1.1.1.3 SE Quill Place

The intersection of SE Quill Place is proposed to be closed due to the vertical grade difference
between the existing and proposed profile of SE Reed Market Road discussed below. This
closure results in a dead-end on SE Quill Place with a length over 150-feet from the nearest
intersection. The Oregon Fire Code requires a turn-around on all dead-ends over 150-feet. The

o
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existing right of way and private lot developments don’t allow adequate room for a turn-around
meeting the Oregon Fire Code. We propose providing a 20-foot wide 10-percent driveway
connection with a City Standard Fire Gate at Reed Market Road to meet the code. ADA access
will be maintained from SE Quill Place to SE Reed Market Road as feasible through the
construction of ramps connecting from existing SE Quill Place sidewalks and to grade with the
pathways along Reed Market Road.

3.1.1.2 Vertical Design
3.1.1.2.1 SE Reed Market Road

The SE Reed Market Road vertical profile for the Short Span alternative was developed with
several constraints in mind, mainly maintaining the connections with American Lane, SE 9th
Street, and providing minimum clearances over BNSF rail. City Standards provide guidance for
minimum roadway geometry on arterial streets with mainly minimum K values (K-sag= 49, K-
crest=29), maximum roadway grade (6-percent max), and superelevation rates (e=2%)
determining vertical designs. The vertical connection with the roadway near American Lane ties
into a section of SE Reed Market Road that is currently superelevated. That superelevation will
be matched into and carried east. Superelevation design will meet City of Bend Standards and
AASHTO minimums.
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Figure 6. Short Span Profile. Grade is 6% max and Vertical Curves K=29 and K=49.

3.1.1.2.2 SE 9" Street

The SE 9th Street profile was developed with a deviation from the maximum 6-percent roadway
grade to 7-percent, and reduction to K-values for 25mph. The increase in roadway grade allows
for the reconnection of businesses’ driveways to the north of the intersection with SE Reed
Market Road as they currently exist. The roadway is shown with a superelevation in Figure 7
below. Superelevation has been removed with design progression towards 30%. 9th Street
intersection is proposed as a 2% shed to better match the 6% profile of Reed Market and help
with grade differences at the intersection.
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Figure 7. SE 9t Street Vertical Profile. Note Reduction in K values and 7% Grade.

3.1.1.2.3 SE Quill Place

As mentioned in the horizontal design sections above, the intersection of SE Quill Place with SE
Reed Market Road is unable to connect without major impacts to the residents surrounding this
street and SE Depot Loop. A driveway connecting at 10-percent from grade with SE Market
Road down to SE Quill Place is the proposed solution to provide a means for fire ingress and
egress. See Figure 8 below. This solution maintains existing driveway connections and will
support ADA connectivity from Quill Place up to SE Reed Market Road. The ADA connection
will be made within the existing ROW meandering to provide adequate length to meet ADA
Guidelines.
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Figure 8. Quill Place Proposed Centerline Profile.
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3.1.2 Bridge and Wall Considerations

The short span length alternative provides BNSF Railroad with the minimum required
permanent and construction clearances as outlined in The Guidelines. Because the span length
is minimized, the superstructure is shallower, which minimizes the height and length of
approach walls and minimizes impacts to other project elements. The bridge has a single span
that is 86-feet, measured parallel to Reed Market Road’s alignment. Both steel and prestressed
concrete bridge girders are being considered as options for the short span alternative. See
Figure 9 below for the footprint of the short span alternative.
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Figure 9. Short Span Footprint

It is assumed that Reed Market Road will be closed for the construction of the bridge over
BNSF. This allows for the bridge to be constructed all at once rather than in stages, reducing
the required amount of shoring and construction timelines.

A steel plate girder bridge with a cast-in-place deck is being considered as Alternative 1A. The
superstructure depth, measured from top of deck to bottom of steel plate girder at girder
centerline, is preliminarily 51.5 inches. Steel girders are practical for this alternative due to the
span length and vertical crest curve, as steel girders can match the vertical curvature. Welded
splices will be used to maximize efficiency in the girder design and to avoid field splices above
BNSF’s ROW. Two pre-compressed foam silicone joint seals are anticipated.

A side-by-side box girder bridge with an asphalt wearing surface is Alternative 1B. This
alternative utilizes a waterproofing membrane between the box girders and asphalt wearing
surface. The side-by-side box girders are preliminarily 42 inches deep and the asphalt wearing
surface varies from 3 inches thick to about 6.5 inches thick.

o

DOWL Page 10



Reed Market Corridor Alternative Analysis

The roadway/pedestrian considerations, utility considerations, stormwater considerations, and
Right-of-way impacts are the same for Alternatives 1A and 1B.

Both alternatives 1A and 1B utilize the Vertical Concrete Parapet, 42 Inch bridge rail as seen on
ODOT'’s standard drawing BR222 to meet rail height and concrete casting requirements above
BNSF. Additionally, the bridge rail will support an ornamental protective screening which is a
minimum of 10 feet above the adjacent sidewalk. The ornamental screening is similar in
appearance to the nearby Murphy Road bridge.

The abutments are parallel and are skewed at 15° to provide the minimum required horizontal
clearances while minimizing span length. Each abutment is a cast-in-place abutment supported
by a spread footing. A permanent easement is required at both bents to construct the spread
footings.

3.1.3 Utility Considerations
3.1.3.1 Water

The City of Bend has an existing 12-inch diameter ductile iron water main running the length of
the project along SE Reed Market Rd. If left in place, the proposed embankment for the
overcrossing would leave the existing main inaccessible and unmaintainable at depths greater
than 30 feet below finish grade. Because of the depth, this main is proposed to be replaced in
kind with the alignment generally following the lane line 11 feet north of the road's centerline. At
the east end of the project, 45°bends are proposed to connect to the existing main under the
north sidewalk, allowing the new alignment to meet current standards for as much of the project
length as possible.

The water main profile is proposed to follow the standard three-foot depth below the proposed
road surface. At the railroad crossing, the new main will be suspended below the bridge deck
between the steel girders. For the prestressed box beam girder option, the water main will be
suspended under the bridge rail beyond the last box beam girder with 45°bends used to shift the
alignment. Butterfly valves, automatic air release valves, and expansion joints are proposed on
either side of the bridge to allow isolation of the crossing, prevent airlock, and provide seismic
protection for the critical crossing.

All the City's water infrastructure within the project limits, and the surrounding area, are in
Pressure Zone 4B. With existing system looping, and all mains in the same pressure zone, the
existing water main can be isolated and removed from service prior to embankment construction
for the overcrossing. This eliminates the need to either use a temporary bypass across the
railroad tracks or maintain the existing main during construction and abandon-in-place after the
new main is put in service.

Domestic water service within the project limits is split between two providers, the City of Bend
and Avion. Most of the project limits are within Avion's water service area. The only existing
services from City of Bend mains are along SE 9th St and on the north side of SE Reed Market
Rd east of SE 9th St. The services along SE Reed Market Rd will be reconnected to the new
main. See the SE 9th St discussion below for service reconnections.

At American Lane, an existing 12-inch diameter ductile iron water main extends south from SE
Reed Market Rd across the existing bridge. This water main will be reconnected to the

o
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proposed water improvements. Impacts to the existing American Lane bridge are not
anticipated for water main construction.

Along SE 9th St, the City of Bend has an existing 12-inch diameter ductile iron water main
running north from Reed Market Rd. Similar to the proposed embankment on SE Reed Market
Rd, the embankment on SE 9th St will require reconstruction of the water main to keep the
facility at a standard depth that is serviceable and maintainable. The proposed alignment will
follow the road centerline offset 11 feet to the west which closely aligns with the existing water
main near the connection point at the northern project limit. The profile will be generally 3 feet
below the proposed finish grade surface.

There are several existing fire hydrants, laterals, and services along SE 9th St. The existing
hydrants in the northwest and northeast corners of the SE 9th St intersection will require
relocation as the proposed retaining walls will make the current locations inaccessible to fire
trucks. These hydrants can either be raised to finish grade (at the top of the retaining walls) or
moved approximately 300 feet north to the first set of commercial driveways. This will require
Fire Department coordination and a design exception to the standard 400-foot hydrant spacing.

Also in the northeast corner of the SE 9th St intersection is the existing fire department
connection (FDC) to 1310 SE Reed Market Rd. The proposed retaining walls will make the
existing location inaccessible for fire trucks requiring relocation of the existing FDC. A temporary
construction easement and plumbing on private property will be necessary to relocate the FDC.
Additional investigation and coordination with the property owner is necessary to determine if
the FDC should be relocated to the north of the existing location, or east to the opposite side of
the building.

The existing laterals to the business parks at the commercial driveways approximately 300 feet
north of the SE Reed Market Rd can be reconnected near ROW from the new main.

East of the railroad tracks, Avion's facilities generally consist of 8-inch diameter mains with
individual services constructed with the Luderman Crossing subdivision in 2020. From the
subdivision, an existing 10-inch diameter main crosses the railroad tracks to the west and
serves as the sole feed for over 100 domestic services on American Lane and SE Paiute Way.
The American Lane main crosses the canal attached to the Old American Lane bridge.

A preliminary coordination meeting was held with Avion on April 22, 2025, to discuss existing
facilities and potential relocation concepts. Avion was in agreement that the relocated water
main should be reconstructed with the road embankment and offset south of the road centerline,
essentially mirroring the City's water main north of centerline. Due to the single feed for the
services west of the railroad tracks, a temporary connection to the City of Bend water will be
necessary to maintain service during construction.

Avion has stated they have existing easements in place for the facilities in conflict, making their
relocation reimbursable. Avion has provided documentation of multiple easements which will
require review by City of Bend Legal; for the purposes of this report, Avion relocations are
considered reimbursable. Avion expressed interest in relinquishing their water service area west
of the bridge. The feasibility of water service area transfer would require input from City of Bend
Legal but given the cost of relocation and need for a temporary connection to maintain water
service during, this may be a more cost-effective solution and would eliminate the need for
Avion to cross the BNSF railroad tracks.

o
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3.1.3.2 Sewer

The City of Bend has an existing 8-inch diameter gravity sewer main that runs south to north
and crosses Reed Market Rd at SE 9th St. From the Reed Market and SE 9th St intersection,
an existing abandoned main extends approximately 850 feet to the east. The City of Bend
Sewer Department confirmed (email from Justin Young dated April 21, 2025) this main is
abandoned east of SE 9th St and can be removed during construction.

To maintain accessibility, the gravity sewer main will be relocated to align with the proposed
pedestrian tunnel on the west side of the SE 9th St intersection. Along SE 9th, the sewer
alignment will follow an approximate 8-foot offset from the west ROW boundary. This will center
the sewer between the ROW boundary and the retaining wall allowing manhole depths to
closely follow existing, rather than increasing structure height to meet the elevated road profile.
A paved path will be placed over the sewer to serve as both a pedestrian path to the tunnel as
well as the service road for sewer maintenance. Limited ROW will prevent the installation of a
standard turnaround, meaning maintenance vehicles will have to back out. If BNSF will allow the
gravel access road to extend over the sewer easement, within BNSF ROW, maintenance
vehicles will be able to make a multi-point turn to turn around; BNSF coordination is required to
determine if this is feasible.

3.1.3.3 Franchise Utilities - Power

Both Pacific Power & Light (PP&L) and Central Electric Cooperative (CEC) have power
infrastructure along the corridor. PP&L has aerial facilities along Reed Market Rd and SE 9th St.
In preliminary conversations, PP&L will explore both overhead and underground relocations with
underground anticipated to be the preferred option due to the height required above the bridge
to meet overhead clearances. Moving the existing infrastructure underground would require
multiple 6-inch diameter conduits with 7-foot by 12-foot pull vaults placed every 700 to 800 feet.
These large vaults will require special consideration with the roadway design as there is limited
space within the proposed typical section. In addition to the pull vaults, transformer and switch
gear vaults may be required at either end. PP&L may also consider self-supporting steel poles
at terminal locations where overhead facilities will drop to underground. Both steel poles and
switch gear have lead times up to 12 months, all other required gear and materials have shorter
lead times. To keep long lead items off the critical path for construction, the power relocation
plan needs to be set at least one year prior to the start of construction. The power relocations
also need to be considered in the construction sequencing plan as the existing conductors
cannot be deenergized for extended periods. All required power relocations are understood to
be non-reimbursable.

3.1.3.4 Franchise Utilities - Communications

TDS, Lumen, LS Network (LSN), BendTel, Fatbeam, and Zayo all have existing facilities within
the project limits. Several communications franchisees currently cross the BNSF railroad
overhead on joint-use poles and will follow the power relocation plan with either new overhead
or underground facilities. Those that do not currently cross the railroad have all expressed
interest in adding conduits to the bridge for future use. Any new facility would be considered an
improvement with the cost of installation being the responsibility of the respective franchisee.
Each franchisee will be required to obtain a license agreement with BNSF to have infrastructure
within the railroad ROW. To avoid the scheduling challenges of aligning BNSF approvals for
each franchisee with the construction schedule, the conduits can be constructed with the project
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by the City's contractor with ownership transfer occurring after construction. Additional costs can
be determined and passed on to the franchisees protecting the project budget. All required
communications relocations are understood to be non-reimbursable.

3.1.3.5 Franchise Utilities - Natural Gas

Cascade Natural Gas (CNG) owns and operates existing natural gas distribution facilities on
both sides of the BNSF ROW but does not have an existing railroad crossing at Reed Market
Rd. Within the project limits, all natural gas infrastructure is understood to be low-pressure with
pipe sizes up to 2 inches in diameter. Relocation of these types of facilities are common and do
not require excessive leads times. Similar to the communications facilities, CNG has also
expressed interest in extending new infrastructure across the proposed bridge. All required
natural gas relocations are understood to be non-reimbursable.

3.1.4 Stormwater Considerations

Both short span alternatives share the same horizontal and vertical geometry and will consist of
the construction of a new concrete (SE Reed Market Road) or asphalt (SE 9th Street) roadway
section bounded by new concrete curbs, landscaped planter strips, and concrete
sidewalk/shared-use-paths. The roadway will generally be a normal 2% crown, except for the
existing and proposed reconstructed superelevation at American Lane. 9th Street intersection is
proposed as a 2% shed to better match the profile of Reed Market.

There is inadequate space available for surface infiltration facilities without major impacts to
ROW and structures. The COID irrigation canal running parallel to SE Reed Market Road west
of the proposed overcrossing further constrains stormwater disposal options. For these reasons,
we propose collecting the stormwater and piping it out of the fill areas to native areas. Disposal
will be through a series of drywells and treatment will be mechanical. The proposed fills required
for the bridge approaches do not allow for drywell disposal within these areas due to excessive
depths required for perforated barrel sections to be located in native soil.

Where possible, existing drywells are proposed to be reused.

Shannon and Wilson completed three infiltration test pits along the corridor which were used to
measure the infiltration capacity of the surface soils. Measurements ranged from 1.44
inches/hour to 2.88 inches/hour. Subsurface infiltration is the recommended means of
stormwater disposal, and further testing during construction should be performed to verify the
capacity of the native soils and bedrock.

3.1.5 Right-of-way and Railroad Impacts

Alternative 1 was analyzed for its impacts on existing right-of-way , ROW acquisition needs, and
existing structures affected by the construction of improvements. West of the BNSF crossing,
existing ROW widths vary from 90 feet to approximately 125 feet from American Lane to Old
American Lane and are a standard 100-foot width east of the Old American Lane Bridge. East
of the BNSF crossing, ROW widths are non-standard, measuring 125 feet up to the east side of
9th Street. East of 9th Street, ROW widths return to the standard 100 feet. A small (~65ft?)
ROW acquisition will be required for the pedestrian ramp on the south side of the roadway.
Negotiations with the homeowner’s association to reconstruct the asphalt pathway and
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reconnect the southern asphalt path to the new tunnel may be required if this work is not
included in the City’s easement.

The largest property impact is on the parcel located at 1110 SE Reed Market Road. Due to the
grade separation, there is no feasible way to connect the property back to SE Reed Market
Road, which currently serves as its only connection. The City will purchase this property and
relocate the businesses with the intent to evaluate alternative points of access for future
redevelopment.

The short span alternative will require the purchase or dedication of ROW or permanent
easements from BNSF to construct and maintain the bridge footings within their current ROW
limits. The project team has requested variance to allow for the footings to be constructed within
their current ROW limits if the minimum permanent and construction clearances from The
Guidelines are provided. The excavation and construction of the spread footing foundations will
require shoring in accordance with The Guidelines, as shown in the Railroad Exhibit.

3.2 Alternative 2 — Medium Span (142ft)
3.2.1 Roadway/Pedestrian Considerations
3.2.1.1 Horizontal Designs

3.2.1.1.1 SE Reed Market Road

The SE Reed Market Road configuration and horizontal elements are similar to the existing
roadway configuration; however, an additional westbound lane is added due to the removal of
the at-grade crossing with BNSF and closure of the 9" Street connection. The vertical designs,
discussed below, generally allow the American Lane intersection to remain in its current
configuration.

From the American Lane intersection to the intersection with SE Quill Place, the existing four-
lane roadway section of SE Reed Market will be maintained with two 11-foot eastbound travel
lanes, two 11-foot westbound travel lanes, bike lanes in each direction (5.5-foot bike lane, 2.5-
foot buffer), 8-foot sidewalks in each direction with buffers/landscape strips provided outside of
the bridge footprint. Within the bridge area, sidewalks meander curb-tight to minimize the bridge
width. See Figure 10 below.
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Figure 10. SE Reed Market Road Cross Section West of Quill Place.
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From the intersection of SE Reed Market Road with SE Quill Place, the section widens in the

landscape buffers to maximize the full right of way width. The lane configuration from the
previous section is maintained. See Figure 11 below.
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Figure 11. SE Reed Market Road Cross Section East of Quill Place.

3.2.1.1.2 SE 9" Street

SE 9th Street will be closed with the medium span option due mainly to the grade difference at
the intersection with SE Reed Market Road and its impact to adjacent properties. A dead-end
cul-de-sac is proposed near the new end of SE 9th Street. See Figure 12 below.
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Figure 12. Proposed Intersection of SE Reed Market Road and 9" Street.
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Reed Market Corridor Alternative Analysis

3.2.1.1.3 SE Quill Place

The impacts to SE Quill Place are the same for Alternatives 1 and 2. See Section 3.1.1.1.3.
3.2.2 Bridge and Wall Considerations

This alternative spans BNSF’s ROW immediately north of the intersection of Reed Market Road
and BNSF’s existing track. The longer span requires a deeper superstructure which adds to the

required length and height of the approach walls and increases impacts on other disciplines.
See Figure 13 below for a footprint of this alternative.
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Figure 13. Alternative 2 Footprint

It is assumed that Reed Market Road will be closed for the construction of the bridge over
BNSF. This allows for the bridge to be constructed at once rather than in stages, reducing the
amount of required shoring and reducing construction timelines.

The bridge utilizes a steel plate girder bridge with a cast-in-place deck and a single span length
of 142 feet, measured parallel to Reed Market Road’s alignment. The superstructure depth,
measured from top of deck to bottom of steel plate girder at girder centerline, is approximately
69.75 inches. Steel girders are practical for this alternative due to the span length and vertical
crest curve, as steel girders can match the vertical curvature. Welded splices are used to
maximize girder efficiency and to avoid a field splice over the BNSF ROW. This alternative
utilizes the Vertical Concrete Parapet, 42 Inch bridge rail as seen on ODOT’s standard drawing
BR222. Additionally, the bridge rail supports an ornamental protective screening which is a
minimum of 10 feet above the adjacent sidewalk. The ornamental screening is similar in
appearance to the nearby Murphy Road bridge. Two pre-compressed foam silicone joint seals
are anticipated.
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The abutments are parallel and are skewed at 15° to provide the minimum required horizontal
clearances while minimizing span length. Each abutment is a cast-in-place abutment supported
by a spread footing. A permanent easement is only required to construct one of the spread
footings where the footing is on existing BNSF ROW immediately north of the intersection.

3.2.3 Utility Considerations

Utility considerations for Alternative 2 are generally the same as Alternative 1 as described in
Section 3.1.3 above. By not connecting SE 9th St to Reed Market Rd, vertical bends will be
necessary to connect the water main by installing it under the north retaining wall footing at SE
9th St. Installation of a water main under a retaining wall footing is not ideal; however, other
options to maintain the SE 9th St water connection required significant rerouting and right of
way purchase. To protect both the water main and the retaining wall, the water main should be
installed through a steel casing buried a minimum of 5 feet below the bottom of retaining wall
footing. The SE 9th St dead end area will also provide additional room for a sewer turnaround
and franchise utility infrastructure such as power vaults.

3.2.4 Stormwater Considerations

The medium span geometry shares similar horizontal geometry to the short alternatives besides
the lack of connection to 9th Street. It will consist of the construction of a new concrete roadway
section bounded by new concrete curbs, landscaped planter strips, and concrete
sidewalk/shared-use-paths. The roadway will generally be a normal 2% crown, except for the
existing and proposed reconstructed superelevation at American Lane. There will also be a
need to dispose of stormwater in the newly constructed cul-de-sac, however the lack of
connection creates more options for surface stormwater disposal along 9th Street.

Where possible existing drywells are proposed to be reused. The proposed fills created for the
bridge approaches do not allow for drywell disposal within these areas. Additionally, right of way
constraints on either end make surface infiltration difficult by the minimized footprints available.
The COID irrigation canal running parallel to SE Reed Market Road west of the proposed
overcrossing further constrains stormwater disposal options. For these reasons, we propose
collecting the stormwater and piping it out of the fill areas to native areas. Disposal will be
through a series of drywells and treatment will be mechanical.

Shannon and Wilson completed three infiltration test pits along the corridor which were used to
measure the infiltration capacity of the surface soils. Measurements ranged from 1.44
inches/hour to 2.88 inches/hour. Subsurface infiltration is the recommended means of
stormwater disposal, and further testing during construction should be performed to verify the
capacity of the native soils and bedrock.

3.2.5 Right-of-way and Railroad Impacts

Alternative 2 was analyzed for its impacts on existing ROW, ROW acquisition needs, and
existing structures affected by the construction of improvements. West of the BNSF crossing,
existing ROW widths vary from 90 feet to approximately 125 feet from American Lane to Old
American Lane, and are a standard 100-foot width east of the Old American Lane Bridge. East
of the BNSF crossing, ROW widths are non-standard, measuring 125 feet up to the east side of
9th Street. East of 9th Street, ROW widths return to the standard 100 feet. No ROW acquisition
is anticipated along this section of Reed Market Road, although pedestrian access easements
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for the Quill Place connection and the reconnection of the southern asphalt path to the new
tunnel are expected. It is anticipated that along 9th Street approximately 1,000 square feet of
ROW will need to be acquired for the construction of the new cul-de-sac.

Alternative 2 will require the purchase or dedication of ROW or a permanent easement from
BNSF to construct and maintain one of the bridge footings within their current ROW limits. This
alternative does span BNSF’s ROW to the north of the intersection. Written justification and
request for variance would need to be approved by BNSF should this alternative be selected.
The project team believes that this alternative meets the intent of section 5.2.2.b-1 of The
Guidelines as it would be impractical to span the BNSF ROW to the south of the intersection.

3.3 Alternative 3 — Longest Span

This alternative was considered but not advanced because of the impractical span length. To
span BNSF’'s ROW immediately south of the intersection, the following impacts would be made
to the project:

= At this length with a crest vertical curve, a prestressed girder alternative has about 10
inches of concrete buildup at midspan, making it not a viable alternative.

= A steel plate girder alternative requires a superstructure depth of about 96 inches.

» The superstructure depth causes the vertical profile of the bridge to be raised, which
adds considerable earthwork to the project, raises nearby walls, and would require the
nearby intersection with 9th Street to be closed, similar to Alternative 2.

» This superstructure depth would cause the nearby American Lane Bridge over the
Central Oregon Irrigation District Canal, which was built in 2014, to be raised or
reconstructed.

= Spanning BNSF ROW to the north of the intersection would give a larger opening for the
railroad than the other alternatives, but this would have no effective benefit as there is a
ROW bottleneck for BNSF approximately 700 feet to the north and immediately south of
the intersection.

» This alternative would require a water mainline under a retaining wall footing, which
would add cost and complexity to construction and maintenance.

= BNSF requirements do not allow for field splicing of girders above their ROW. This
would require girders to be spliced on the land and picked into place, which would add
risk and require much larger cranes and other equipment at this span length.

3.4 Alternative 4 — Undercrossing

This alternative would lower Reed Market Road under the existing and future BNSF rail lines. A
new bridge carrying the BNSF facilities would be constructed. It was not advanced for multiple
reasons:

» A shoofly or new alignment would be required for the existing rail line to allow for
excavation of the roadway.

» The rail line crosses the COID Canal approximately 1000 feet south of Reed Market
Road which would require a new railroad bridge at that location for the shoofly or new
alignment.
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» The maximum excavation depth would be approximately 24 feet, 10 to 20 feet of which
would be into bedrock.

= The retaining walls required along Reed Market Road on the approach to the crossing
would need to be cantilevered soldier pile type, which are costly to construct, especially
when the piles are founded in bedrock.

» The sag vertical curve alignment of the roadway would create a “bathtub” at the crossing
much like what currently exists at the railroad crossing at NE Franklin Boulevard in
Bend. To mitigate the drainage issue, an expensive pressurized pump system with
extensive maintenance requirements could be required.

» The proximity of the COID Canal may be an issue for seepage from the canal into the
roadway cut.

4.0 ADDITIONAL CONSIDERATIONS

4.1 9" Street Connection Alternatives

SE 9th Street is a minor arterial serving from its intersection with SE Reed Market Road and
north to near Bend Senior High School where it continues as NE 8th Street. Between the three
roadway alternatives, two alternatives were considered for the connection to SE 9th Street. Both
alternatives 1A and 1B share the same general design for a new embankment supported by
walls and right-in, right-out, and left-in access to 9th Street. Reed Market Road connects with
reasonable reduction to crest and sag K values for 25mph, and a deviation from standards to a
roadway slope of 7%. This alternative maintains the driveways on the east and west sides of 9th
Street without major impacts to the existing grades into these businesses.

Alternative 2 was analyzed for connection to 9th Street with the same horizontal geometry;
however it was found that the grade difference was too extreme to reasonably and safely
connect the two. This connection would require reduction to K values far below what the City will
allow at stop-controlled intersections, have required a 12% roadway slope to connect within the
API along with approval from City of Bend Emergency Services, or require an increase of
approximately 125-feet to the API, further impacting businesses along SE 9" Street.

With grades for all three roadway alternatives exceeding PROWAG maximum 5% cross slope
for ADA crosswalks on SE Reed Market Road at the connection into 9th Street, it was identified
that all options would need to include a pedestrian tunnel to maintain current levels of access for
all users of the corridor. Deletion of the crossing is still supported as there are no pedestrian
generators between this intersection and safer options for crossing. For the medium span, a
ramp to move users from the south side of the proposed walls along Reed Market to the top of
the new embankment was explored, but due to the grade difference, it would require 500 plus
feet of ramps to reach the top of the new sidewalks. For the Short Span option the ramp option
was also explored and found to be viable if designed to run from the tunnel to near the
intersection of SE Quill Place. The reduction in center turn lane widths and ability to taper the
sidewalk with the curb allows the ability to construct the ramp with minimal right of way impacts.

4.2 Quill Place Connection

The current intersection of Quill Place and Reed Market Road is proposed to be closed with any
of the four options. This is due to grade differences that would require vertical geometry to
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exceed minimum City standards and negative impacts to adjacent properties. To bring this to
standards would likely require vertical changes to SE Depot Loop, creating major impacts to
current residents along these two local streets. There is opportunity to reconnect the sidewalks
to the southern side of Reed Market to serve as a pedestrian connection for nearby residents.
This closure will require residents to use the two existing entrances/exits to the neighborhood
along 15th Street.

With the end of roadway exceeding 150-feet to the intersection with Depot Loop, a fire
turnaround or hammerhead will be required. The existing narrow ROW will not allow for either of
these options, so a driveway from Reed Market Road to Quill Place with a locking fire gate is
proposed.

4.3 American Lane Connection

American Lane is a critical connection for the residents of southeast Bend. With both
alternatives, one of the main criteria during design was to maintain this connection to SE Reed
Market Road. Both options maintain this connection by slightly modifying the vertical just north
of the bridge expansion joint, allowing the existing vertical geometry of the bridge to be
maintained. With both options, the eastern signal pole will need to be raised and slightly
relocated.

4.4 Retaining Wall Alternatives

The raising of Reed Market Road east and west of BNSF is necessary to connect to the
proposed grade-separation structure. To prevent the new fill from extending beyond the existing
ROW limits, retaining walls will be used on both the north and south side of Reed Market Road.
These walls will be over 25 feet high at the bridge abutments.

There will also be a small wall on the south side of the ramp carrying the path running east from
the pedestrian tunnel up to Reed Market Road.

Mechanically stabilized earth walls are the most cost-effective type for these heights. They will
also be consistent with the walls used at the recently completed Murphy Road grade separation
project in design and architectural treatment.

4.5 Bridge Rail, Guard Rail and Pedestrian Rail

The railing for this bridge project is the ODOT Standard Drawing BR222, Vertical Concrete
Parapet, 42 Inch. The rail is a concrete parapet. Since the design speeds do not exceed 40
mph, a traffic separating rail is not required to protect pedestrian users. Sidewalks for pedestrian
use will be a minimum of 7 inches above the bridge deck to protect them from vehicular traffic.
The project does have a specified bikeway, so it can be assumed that cyclists will not use the
sidewalk. Therefore, the 42-inch rail height is adequate to ensure both pedestrian and cyclist
safety. This rail choice is appropriate because it meets the design requirements for pedestrian
rails, which restrict the size of any opening to protect users, particularly children. Using a three-
tube rail, typical around the area, does not provide the pedestrian protection warranted and is
not permitted by BNSF. The BR216 rail has been crashed tested to an evaluated Test Level of 4
(TL-4) according to ODOT BDM 1.13.1.3. and 1.13.1.6. This can be modified to easily facilitate
any form liner aesthetics chosen for the project.
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In areas over railroad operations, as required by BNSF, protective fencing will be mounted to
the top face of the rail as depicted by ODOT Standard Drawing BR240, Type “B”. The fencing
will reach a minimum height of 10 feet above the top of the adjacent sidewalk.

The approach MSE Walls will be topped with BR222 Vertical Concrete Parapet, 42 Inch bridge
rail supported by moment slabs. Protective fencing is not required on the bridge rail above the
MSE Walls.

Once off the bridge and MSE Approach Walls, moving east and west, the rail system transitions
to guardrail. On both sides of the bridge, the parapet rail will continue along the outside edge of
the sidewalks and be topped with fencing as necessary, similar to BR240. This rail will serve as
fall protection for all users and reduce the amount of light pollution from traffic headed easterly
and westerly.

4.6 Aesthetic Considerations

The goal of the project is to match the appeal and aesthetic of other corridors and structures in
the City (notably the recently completed Murphy Road overcrossing located approximately 1
mile to the South). Aesthetic treatments will be coordinated between the roadway features, such
as medians, roundabouts, and landscaping and between structures, such as retaining walls,
railings, and abutments.

Roadway Considerations

Roadside landscaping will be used to improve the aesthetic appearance of the corridor. Each of
the alternative typical sections includes a planter strip between curb and sidewalk ranging from
5 to 11 feet. Shrubs, bushes, street trees, and other landscape features will be considered
during design. Where retaining walls are present, planter strip landscaping will be limited to
native seeding that requires little to no irrigation to minimize the risk of compromising the
structural integrity of the adjacent wall and MSE straps caused by invasive roots or leaking
irrigation.

Bridge and Pedestrian Rail Considerations

Efforts will be made to incorporate form liners and molds similar to how other bridges and
structures around the city are enhanced. Protective fences will be powder-coated to match other
protective fences found throughout the city and surrounding areas. The bridge will incorporate
several aesthetic features including form liner patterns on the bridge rails and abutments, and
facing the MSE retaining walls with appealing designs, similar to the nearby Murphy Road over
BNSF bridge. The use of colored concrete or stains will be considered for all exposed concrete
surfaces.

Retaining Wall Considerations
Large MSE retaining walls will be faced with precast concrete paneling to increase their
aesthetic value and match other MSE walls throughout the city. The wall panels use concrete

form liners during casting to provide an architectural finish. A solid coping supporting the
pedestrian rail will be placed at the top of the MSE walls.
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Lighting

Lighting is required by BNSF railroad to illuminate areas in the shadow of the proposed bridge.
We anticipate providing overhead lighting and conduits supported by the bridge superstructure
near each abutment to meet BNSF standards. The city only requires street lighting at
intersections; therefore continuous street lighting will not be installed along the new roadway or
bridge. Pedestrian lighting on the bridge, similar to Murphy Road, and in the pedestrian tunnel
will be provided.

4.7 Transportation Evaluation

The design team was tasked to perform a transportation analysis to evaluate roadway
connection alternatives within the study area, specifically focused on the effects of the possible
roadway closures along Reed Market Road. The current and future intersection operation, level
of service and pedestrian and bicycle travel were evaluated. The Transportation Analysis Memo
summarizes information on existing intersections along the corridor that may be changed and/or
closed as part of the new crossing construction and how those changes may affect the travel
choices made by people driving, riding bikes, taking transit and walking along and to/from the
corridor.

As presented, the various closure scenarios evaluated were found to result in similar vehicular
operational needs and multimodal conditions at the study intersections. However, potential turn
restrictions at the SE 9th Street/SE Reed Market Road intersection were found to result in a
broad diversion of vehicular trips along both SE 3rd Street and SE 15th Street. As such, bridge
configurations that result in the need for partial or full restriction of turning movements at this
location will need to consider the effects on regional multimodal mobility for north-south travel in
the project vicinity, including for people walking and biking and emergency response vehicles.

Conclusions of the traffic analysis are provided in the Transportation Analysis Memo included in
Appendix 4.

4.8 Geotechnical

The subsurface exploration program consisted of 18 geotechnical borings, three (3) test pits for
infiltration testing, ground penetrating radar, and a suite of laboratory testing. In general,
bedrock at the site is relatively shallow with depths ranging from 2.25 feet to 12 feet below
ground surface. The soil consists of denser fill overlying loose native silty sands and sandy
gravels. Ground penetrating radar was performed to screen for large voids or lava tubes in the
rock. No large (>1 ft) voids were detected, however, based on experience with construction of
the American Way bridge and on other nearby projects, the design team should anticipate
encountering lava tubes if rock excavation is needed.

The main geotechnical concern at the site is differential settlement due to the soft overburden
soils and the inherent variability of basalt flows. We recommend the bridge and retaining walls
be designed to reduce or accommodate elastic differential settlements of less than 3 inches.
This can be accomplished by removing the soft material at the bridge footings and replacing
with structural backfill. Given the length of the approach walls, replacement of soft soils is cost
prohibitive therefore MSE walls with reduced panel sizes can be used to accommodate
differential settlement.

o
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Spread footings are the preferred foundation type due to the relatively shallow bedrock. To
minimize spread footing depths, soil will be excavated to the top of bed rock, then backfill will be
placed up to the elevation of the bottom of the footing. Shoring is anticipated to retain the
excavations for the footings so that BNSF construction clearance requirements are met. MSE
walls are the preferred wall type at locations greater than 50 feet from the railroad due to their
ability to accommodate larger differential settlements. Results of our explorations and our
design recommendations are provided in the Preliminary Geotechnical Engineering Report in
Appendix 5.

4.9 Business Access

Mars of Bend and Reed Market Storage Access

The existing driveway access to the Mars of Bend (Tax Lot ID 181209AB00100) and Reed
Market Storage (Tax Lot ID 181209AB00199) businesses will require relocation due to SE Reed
Market Road grade changes for the proposed overcrossing. Two alternatives were considered
to mitigate this situation: relocating the businesses off site and providing a new access off the
old American Lane alignment southwest of the COID canal.

DOWL determined relocation of the businesses would be cost-prohibitive and was not
considered further.

The proposed access relocation requires crossing the COID canal. Our understanding is the
open-air canal will eventually be converted to a piped system. Until then, a structural crossing is
required. The canal is over 50-feet wide, which precludes the use of culvert pipes, thus requiring
a bridge.

Reuse of the existing Old American Lane Bridge in place was determined to be the preferred
option. We recommend the roadway be reduced to a 16-foot single lane and precast concrete
barriers be pinned to the deck to serve as bridge rails. The existing asphalt concrete should be
replaced and any damaged timber decking repaired or replaced. DOWL reinspected and
performed an updated load rating confirming the existing bridge can carry legal and permit
loads. See Appendix 6 for the load rating summary report. We anticipate the existing bridge has
adequate service life remaining to be compatible with COID’s long-term plans to pipe the canal.
After the canal is piped, a new at-grade access could be constructed over the piping. DOWL
also verified design trucks, a WB-40, passenger truck with cargo trailer, box truck, and COB fire
pumper truck would be capable of turning off the bridge into the parking lot. It is recommended
that the City of Bend Fire Department review the proposed configuration as the existing bridge
is narrower than Oregon Fire Code standard. The WB-40 truck is a 7.5-foot-long tractor with a
33-foot trailer and is typical of local delivery trucks. Truck type and size will be verified through
conversations with the businesses that they may serve. See Figure 14 below for WB-40 design
vehicle details.
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Figure 14. WB-40 Design Truck Dimensions.

The passenger truck with cargo trailer was based on the dimensions of a long wheelbase Ford
F-350 with a 40-foot car hauler style trailer. See Figure 15 below.
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Truck and Trailer (Based on F—350)
Figure 15. Truck and Trailer. Based on F-350 with 40-foot Car Hauler Trailer

The box truck is based on a standard moving van size for a single rear axle van. See Figure 16
below.
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Figure 16. SU-30 Design Vehicle. Based on Single Rear Axle Moving Van.

The Fire pumper truck is based on standard City of Bend pumper trucks. See Figure 17 below.
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Figure 17. Standard City of Bend Pumper Truck.

Bridge options considered and not selected include constructing a new bridge and moving the
existing Old American Lane structure on a new alignment. A new, single-span bridge would
require a significant profile raise to provide adequate freeboard over the canal. This would result
in the new roadway not being able to drop back down to the existing parking lot elevation in the
room available while providing for internal circulation in the lot. It would also cost over $500,000
more than reusing the existing bridge. Since truck turning movements can be accommodated,
there was no need to relocate the existing bridge.

Spider City Brewing/Specialty Automotive Service & Repair Access

Access to the two lots occupied by Spider City Brewing (Tax Lot ID 181204DD01700) and
Specialty Automotive Service & Repair (Tax Lot ID 181204DC02300) are made through the two
existing driveway approaches to SE 9" Street. The southernmost driveway access, the only
driveway access for Spider City Brewing, will be impacted by any alternative maintaining the
intersection of SE 9" Street and SE Reed Market Road due to the regrading of SE 9" Street.
Two alternatives for potential realignment and regrading of this access were evaluated. It has
been determined both points of access can be maintained for the short span options, and for the
medium span option with SE 9" Street terminating in a cul-de-sac.

Northwest Staple Supply of Bend

Northwest Staple Supply of Bend (Tax Lot ID 181204DC01700) is located immediately west of
the railroad crossing on the north side of SE Reed Market Road. All crossing options will
remove the ability to access this property from SE Reed Market Road. This property will need to
be purchased with this project. The property may be redeveloped in the future if access SE
Centennial Ct is made available in the future through shared access agreements with the
properties to the north. This is an unknown, so the value of resale or development of this
property is excluded from this report.

4.10 Open House Feedback

The open house engaged 322 participants, both online and in-person, gathering valuable
insights on project goals and priorities. The public reviewed the goals identified in the 2006
Reed Market Corridor Study of which, the top four goals included: serve all modes of travel,
maximize safety, reduce traffic congestion and reduce emergency response times. Of those
who commented, most felt the goals were appropriate, while others provided suggestions for
additional objectives. Participants highlighted key success indicators, including improved traffic
flow, reduced wait times, connectivity for businesses and residents, and enhanced safety for

a
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pedestrians and cyclists. When evaluating design options, 53% expressed a preference for
shared-use paths on both sides of the road, emphasizing the need for vertical separation
between vehicle lanes and bike/pedestrian facilities.

Additionally, 74% of respondents underscored the importance of 9th Street, citing its role in
connectivity, access to businesses, and as a detour for major traffic routes. Many attendees
raised concerns regarding construction impacts and detour routes. The City and design team
are committed to continued public outreach to communicate the global project benefits of a full
closure of Reed Market Road during construction. Additional detail about the December Open
House is included in the Public Feedback Summary included in Appendix 7.

5.0 APPROVALS AND COORDINATION

5.1 Railroad Coordination

Wiser Rail Engineering is leading railroad coordination with BNSF to determine the feasibility of
design alternatives. Railroad Lead, Tom Wiser coordinated the Rights of Entry to perform
Survey and has participated in early design reviews to confirm alignment with the railroad
design requirements and preferences. The concept railroad submittal has been reviewed by
Wiser Engineering and submitted to BNSF. The design considerations to accommodate the
railroad are identified and explained below.

The BNSF right-of-way varies as it crosses Reed Market Road. On the north side of the road,
the railroad R/W width is 170’ for approximately 600’ to the north and then it reduces to a
standard width of 100’. To the south it varies considerably beyond the irrigation canal, but at
Reed Market Rd., it is approximately 125’. The primary concern for railroad is flexibility with
future expansion. The design team has prepared a design utilizing a span which provides two
future BNSF access roads and a future track on the west side. This fits well within the 100’
BNSF right-of-way that is predominant in this area. The 30% Design Submittal to the railroad is
currently under review by BNSF, and will determine if the short span alternative is an acceptable
solution.

5.2 Environmental Permitting

DOWL has evaluated federal, state, and local permit requirements and consultation
requirements for the proposed project. Work included a compliance assessment to confirm that
potentially affected resources, environmental impacts, and mitigation measures are considered.
The sections below provide a brief inventory of environmental resources within the project API
and proposed permitting needs. For additional details refer to the Environmental Permit
Research Memo in Appendix 9. In addition to the specific resources listed below and due to the
involvement of federal funds in the form of an RCE FRA grant, the provisions of the National
Environmental Policy Act (NEPA) (42 United States Code (USC) §§ 4321) applies to the project.
A separate NEPA Class of Action Memo is currently being prepared to determine the level of
effort required, pursuant to NEPA, for the project.
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Water Resources

A review of the National Wetlands Inventory1 (NWI) mapping indicates one perennial riverine
water within the API: Central Oregon Canal (also known as the Deschutes Irrigation and Power
[D.I.P] Company Canal). The Central Oregon Canal is an artificial irrigation canal that supports
several public and private entities throughout the Central Oregon Irrigation District, including the
City. The Central Oregon Canal is in the southwest portion of the APl. The NWI mapping and
Local Wetland Inventory2 (LWI) mapping do not identify wetlands or other aquatic resources
within the API or vicinity. In addition, DOWL completed a site visit to confirm these findings in
November 2024.

Irrigation ditches are not jurisdictional under Oregon Administrative Rule (OAR) 141-085-
0515(9) if they are operated and maintained for the primary purpose of conveying water for
irrigation and if they are dewatered during the non-irrigation season. Therefore, the Central
Oregon Canal is not likely to be jurisdictional to Oregon Department of State Lands (DSL);
however, it is likely jurisdictional to the USACE 33 Code of Federal Regulation (CFR)
328.3(a)(3). Due to the relatively permanent connection with the Columbia River via the
Crooked and Deschutes Rivers and is therefore also a water of the United States. The project is
not anticipated to impact jurisdictional waters as currently proposed. Therefore, Section 404
authorization from USACE is not needed.

Hazardous Materials

Coles + Betts Environmental Consulting, LLC, a subconsultant to DOWL, reviewed the API for
potential or reported presence of hazardous materials or substances on behalf of the City in
September 2024. The September 2024 Report concluded that while the majority of the identified
sites were of no environmental concern, soil testing/sampling would be required for soil and
groundwater (if present) within and adjacent to property at 1110 SE Reed Market Road, soils
adjacent to the existing roadway, and soils adjacent to the elevated existing railroad alignment
as it is possible that the soil does not meet Department of Environmental Quality (DEQ) Clean
Fill criteria. Additional testing at the aforementioned three locations would be required prior to
construction. Should contaminated soils or groundwater be present further mitigation will be
required.

Cultural Resources (Archaeological and Historical Considerations)

To determine if previously recorded sites are within the area of potential effect (APE) or vicinity,
DOWL’s architectural historian conducted a desktop review of the four state and federal historic
resources databases. One NRHP site is recorded within the APE: Central Oregon Canal. The
Central Oregon Canal was listed on the NRHP in 1991 for being significant under Criteria A, B,
and C per 36 Code of Federal Regulations (CFR) 60.43, and received Historic American

1 U.S. Fish and Wildlife Service. September 2024. National Wetlands Inventory web mapper. U.S. Department of the
Interior. Available: https:/fwsprimary.wim.usgs.gov/wetlands/apps/wetlands-mapper/. Accessed
September 12, 2024.

2 City of Bend. September 2024. Local Wetland Inventory Maps. Available: ]
https://data.bendoregon.gov/datasets/bendoregon::local-wetlands-inventory/explore. Accessed
September 12, 2024.

3 For details regarding the criteria used to assess NRHP properties please refer to “eCFR: 36 CFR 60.4 -- Criteria for
evaluation” for details.
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Engineering Record (HAER) documentation in 1998 (HAER No. OR-63). An additional five
NRHP-documented properties were identified within a one-mile radius of the APE. Two
properties are eligible for listing in the NRHP: 1110 SE Reed Market Road and the Old
American Lane Bridge. A determination of eligibility (DOE) is currently being prepared for the
two aforementioned properties, which will be sent to the state historic preservation office
(SHPO) as part of the Section 106 process. Once the DOE has been processed, impacts to the
properties can be evaluated. The other three documented properties have either been
determined not eligible for listing or have since been demolished. No archaeological resources
were identified within the APE.

FRA grant funding is subject to compliance with the Section 106 review process per the
National Historic Preservation Act (NHPA) of 1966. Section 106 requires federal agencies to
consider the effects of a potential project on historic properties. Consultation is required with
Oregon SHPO, local tribes, and public interest parties.

5.3 Noise and Air Quality

A qualitative air quality impact analysis is underway and will be performed in accordance with
the latest EPA and FHWA guidance, FRA and the Oregon Department of Transportation
regulations, guidelines and methodologies. The analysis will include considerations of carbon
monoxide (CO) analysis as needed based on the expected traffic data for the Opening and
Design Year conditions. The Air Quality Technical Memorandum will be submitted with the 30%
design deliverable. For the alternatives analysis, short and medium bridge overcrossing span
lengths were considered and the following preliminary observations about air quality were
noted.

The short and medium span bridge alternatives will provide similar air quality impacts and
provide some air quality improvements relative to the existing crossing since roadway traffic will
not need to queue up waiting for trains to pass and thus having their engines idle. Construction
emissions will be similar between the two alternatives as well. No operational impacts are
anticipated from either alternative and construction emissions would be temporary and reduced
using typical reduction strategies such as application of dust suppressant.

A noise and vibration impact analysis is underway and will be completed implementing a hybrid
approach comprised of methods used on Federal Highway Administration (FHWA) projects
associated with 23 CFR 772 and FRA projects, which has adopted the methodologies provided
in the Federal Transit Administration (FTA) Noise and Vibration Impact Assessment Manual.
The Noise and Vibration Technical Report will be submitted with the 30% design deliverable.
For the alternatives analysis, short and medium bridge overcrossing span lengths were
considered and the following preliminary observations about noise and vibration were noted.

Both short and medium span length alternatives exhibit similar impacts, though the longer
bridge span may produce slightly increased sound levels in adjacent neighborhoods. This is
attributed to vehicles being higher in elevation for longer with the longer span compared to the
shorter span. This is also applicable on the longer span approaches. This elevation may
marginally increase noise exposure for residential areas located south and west of the crossing.
These variations are considered minimal, given that traffic is expected to move at lower speeds,
mitigating significant noise impacts. Additionally, both alternatives would provide noise reduction
benefits by removing the need for trains to use their warning devices (horns) at Reed Market
Road, enhancing the sound environment for the area. Temporary construction noise is
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anticipated during implementation, but strategies such as shutting down idling equipment and
limiting work to daytime hours where possible would help reduce this impact.

6.0 COST ESTIMATES

The Association for the Advancement of Cost Engineering (AACE) has developed a
standardized system for distinguishing cost estimates based on their level of detail and
accuracy ranking from class five to class one, with the level of accuracy increasing as you
approach class one. Class three cost estimates were prepared for each alternative to aid in
cost-based decision making. These estimates are based on historical data from similar projects
constructed in the city of Bend and are subject to a range of uncertainty of minus 20% to plus
30% of the total estimate. The estimates include the payment section and types based on
Oregon Department of Transportation (ODOT) standards and specifications for construction.
Quantities were estimated to reflect each alternative. Table 1, Table 2, and Table 3 below show
summarized cost estimates for each alternative. See Appendix 2 for detailed cost estimates.
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Table 1. Alternative 1A Class IV Cost Estimate

$38,300,000 $47,900,000 $62,200,000

Table 2. Alternative 1B Class IV Cost Estimate

$37,900,000 $47,400,000 $61,700,000

Table 3. Alternative 2 Class |V Cost Estimate

$37,100,000 $46,400,000 $60,300,000

7.0 SUMMARY

Alternative 1 is a short (86-ft) span bridge that minimizes the structure depth and maintains the
existing connections to American Lane and SE 9th Street while meeting the minimum required
Railroad clearances and minimum roadway design criteria. The short span bridge can be steel
(1A) or concrete (1B) superstructure with a cast in place concrete abutment and spread footing.
A steel superstructure is preferred to accommodate the roadways vertical curve and minimize
using a significant quantity of asphalt.

Alternative 2 is a medium (142-ft) span steel bridge that spans the east side of the BNSF ROW,
maintains the existing connections to American Lane and requires the closure of SE 9th Street.
The additional roadway height and span length of the 142-foot span alternative would result in
significant additional impractical impacts to City facilities:

= The 142-foot span would likely require raising and reconstructing three traffic signals and
one illumination pole at American Lane and construction of additional retaining walls
east and west along Reed Market Road due to the increased roadway height along the
project corridor. The preferred bridge would require minor roadway regrading at the
American Lane intersection with Reed Market Road, and likely only impact one traffic
signal.

= The intersection of Reed Market Road and 9th Street would require closure due to the
significant grade difference at the intersection, which would result in decreased
pedestrian accessibility and safety, increased emergency response times, and major
impacts to local business owners. The preferred bridge design can preserve the 9th
Street connection and maintain the current level of access to local businesses.
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» The 142-foot span would create additional impacts to City and franchise utilities
including water, sewer, storm facilities, communications, and natural gas. There would
also be increased need for temporary and permanent ROW acquisition.

Alternative 1 with a span length of 86-feet is the preferred bridge length as outlined in this
Alternatives Analysis. This alternative maintains critical existing roadway connections to
American Lane and 9th Street, will be similar in layout to the existing section of Reed Market
Road, allows for improved pedestrian safety and connectivity, and meets minimum BNSF
clearance requirements. Alternative 1 is a mutually beneficial solution that will positively serve
both BNSF and the residents of Bend.

8.0 NEXT STEPS

Following the Draft Alternatives Analysis, the design team received a request from the railroad
to explore the implications of increasing the 86-foot short span alternative by approximately 20-ft
to accommodate an additional future rail line. DOWL completed the analysis of the 108-ft
alternative and concluded that while it does raise the elevation of Reed Market at 9™ Street by
approximately 9-inches, it is still possible to increase the span and maintain tie ins with
American Lane and 9" Street. The railroad indicated initial approval of our concept for the 108-ft
span configuration via email in late September 2025. The Approved RR Exhibit Concept Design
is provided in Appendix 8.

A concept level adjustment of the costs to reflect the 108-ft span alternative established that the
bridge costs increased, while the wall costs were reduced. The net increase to project cost was
approximately $500,000. Upon further discussions with the City, DOWL is proceeding with the
30% Design and advancing the NEPA process assuming a 108-ft span.

The overall project timeline assumes construction starts in summer 2027 with substantial
completion of construction in late summer 2028. Coordination with the Federal Railroad
Administration (FRA) continues, with funding status being closely monitored to ensure alignment
with design progress, grant performance period and NEPA Permitting approvals. Following 30%
design the city will select a procurement method to complete final design with a goal of
beginning construction in 2027.

Ongoing coordination with the BNSF railroad is critical to attain approvals, begin the ROW
easement acquisition process with the railroad and cement design assumptions. In parallel,
public involvement efforts will continue, including stakeholder engagement, to build consensus
and incorporate community input.
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