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1. Executive Summary

This report provides the results of a study of alternatives for a pedestrian trail link between
Buckley, Washington, and Enumclaw, Washington along the Foothills Trail. The goal of the study
was to determine a safe, economical, and environmentally friendly trail alignment that connects
the Foothills Trail in Pierce County with the Foothills Trail in King County.

Hydraulic, geotechnical, and environmental studies were performed to support the
development of both trail alignment and bridge structure alternatives. A hydraulic and scour
study was conducted to define possible river migration, develop scour protection options and to
confirm “zero-rise” due to any improvements. A geotechnical study was performed to evaluate
the general geologic conditions along the proposed alignments and provide recommendations
for earth embankments, retaining walls and bridge foundations. A preliminary environmental
evaluation was conducted to identify critical areas and define possible permits.

Historically, two White River crossings existed within the project boundaries. The first was an old
highway bridge (hereafter referred to as Old SR 410) while the second crossing was for the
Northern Pacific Railway (NPRY). Initially five alignments were evaluated. The concepts utilized
four different methods of crossing the White River: Alignments 1 and 2 used three existing bridge
piers from Old SR410, Alignments 3 and 4 used two existing bridge piers from the NPRY, Alignment
5 used the existing SR 410 Bridge, and one alignment alternative used an unconstrained crossing
which required construction of new piers on the site. These initial alignments were subsequently
narrowed down to two final alternatives, Alignments 1 and 3.

The bridge alternatives evaluated for the main spans over the White River were a dual steel
plate girder bridge, a prefabricated parallel through truss, a built-on-site rounded through truss,
and post-tensioned precast concrete girder bridge. These options were selected due to the
long spans (250 feet or 171 feet) required to span the White River. The structure alternatives were
developed to a level that enabled the preliminary sizing of structural member that could then
be used to develop cost estimates. The stress levels in the members were checked, the
frequency criteria specified by the American Association of State Highway and Transportation
Officials (AASHTO) was checked, and the live load deflection requirements were checked to
ensure compliance.

Two trestle options were considered and evaluated for the elevated approaches to the main
river spans. The first opfion makes use of prefabricated steel trestle bents. The second option
makes use of cast-in-place, single column bents.

Cost estimates were developed for the two final alignment alternatives. The cost estimates
included the combinations of the four bridge structure alternatives (steel plate girders,
prefabricated parallel truss, rounded truss, and precast concrete girders) with the two approach
structure types (prefabricated steel bents and cast-in-place concrete bents).

Based on the studies results, the preferred alternative is Alignment 3, spanning the White River
with a rounded steel truss and utilizing concrete trestle approaches. The preferred alternative
selection was based on the least impact to the environment, the utilization of existing King
County right-of-way, the optimized length of the trail connection, the constructability of the truss
and trestle, the aesthetically pleasing nature of the truss, and the estimated cost for
construction.

| Feasibility Study Report White River Pedestian Trail |




2. Introduction

This report provides the results of the evaluation of alternatives for a pedestrian trail and bridge
crossing the White River near SR 410 between Buckley, Washington, and Enumclaw, Washington.
The study's goal was to determine a safe, economical, and efficient trail alignment that results in
minimal impact to the environment. A vicinity map of the project is shown in Figure 2.1.

The project spans between Pierce County to the south and King County to the north. The
objective of this study is to determine the feasibility of constructing a pedestrian frail and bridge
between Point A on the Pierce County side and Point B on the King County side, as shown in
Figure 2.2.

This study was conducted in two separate phases. Phase | focused on completing a
geotechnical study, conducting a hydraulic study, and developing frail alignment alternatives.
Phase Il focused on developing and evaluating structural concepts for the main bridge span
and for the approach trestle.

For the first phase, KPFF Consulting Engineers was authorized by King County’s Consultant Notice
to Proceed, dated October 9, 2006, to review available site information and to prepare a
feasibility study for a new pedestrian trail and bridge crossing over the White River. Services were
performed in accordance with the terms and conditions of Work Order Request No. 3 as part of
King County Consultant Agreement E53030E.

The following tasks were included as part of Phase I:

e Obtain and review existing project related information and historic documents
e Perform site visits to evaluate existing site conditions
e Prepare project base map incorporating available LIDAR, GIS, Survey, and Boise Creek
Relocation information
e Develop frail alignment alternatives
e Complete the following hydraulic related tasks:
o Perform a hydrology study to obtain necessary data for hydraulic models
o Develop a hydraulic model to estimate 100-year flood plain limits
o Adjust hydraulic model to determine flood plain impacts due to proposed frail
alignments
o Conduct a geomorphology study to evaluate potential for White River to migrate
o Perform scour study to determine required bank protection measures
e Complete the following geotechnical related tasks:
o Research available geologic and geotechnical information
o ldentify and evaluate the general geologic conditions along proposed alignments and
identify challenges associated with each alternative
o Provide preliminary recommendations regarding potential bridge foundations and
embankment construction

For the second phase, KPFF Consulting Engineers was authorized by King County's Consultant
Agreement Amendment, dated June 25, 2007, to develop structural concepts, calculate
construction cost estimates, and perform a constructability review. Services were performed in
accordance with the terms and conditions of Amendment 6, Work Order F, as part of King
County Consultant Agreement EOOO06EQ6.
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The following tasks were completed as part of Phase II:

e Update initial draft report which was completed as part of Phase | to include tasks
completed during Phase |l

e Provide a cursory review of an alignment crossing at the Existing Highway SR 410 Bridge.

¢ Refine Alignments 1 and 3 by developing bridge and trestle structural concepts, evaluate
constructability, and prepare cost estimates.

¢ Finalize and republish feasibility study draft report.

The following project related tasks are being completed by King County:

e Furnish necessary documents to facilitate this study.

¢ Conduct asite environmental study to determine impact from each trail alignment
alternative.

¢« Develop environmental mitigation measures for each alternative and provide cost estimates
for mitigations.

Numerous trail alignment concepts were developed and discussed with King County, Pierce
County, the City of Buckley, and the City of Enumclaw. The superstructure for the Old SR 410
bridge and the NPRY bridge have been removed. Therefore, use of existing structures is limited
to the substructures only. The 5 historic piers of these two historic bridges remain in good
condition. The alignment concepts made use of four different methods of crossing the White
River: 1) using three existing piers from the Old SR 410 bridge 2) using two existing piers from the
Northern Pacific Railway (NPRY) bridge, 3) using the existing SR 410 Bridge, or 4) using an
unconstrained crossing which required construction of new piers on the site.

During meetings conducted in late 2006 and early 2007 with King County and the other key
municipalities, the alignment concepts were refined to five trail alignment alternatives.
Subsequently, King County in 2007 narrowed the five trail alignments to two final alignments for
continued study. One makes use of the historic highway bridge's piers to cross the White River
while the other makes use of the existing NPRY piers.

Sketches of the different alignment concepts and alternatives can be found in Appendix C.
Appendix K contains notes from the project coordination meetings during which alignment
alternatives were removed from further consideration.

The following sections of this report summarize the alignment study and include the project
location, data research, hydraulic report, geotechnical report, environmental report, alignment
study, bridge study, trestle study, constructability issues, cost analysis, comparison of alternatives,
and recommendations. Eleven appendices are also included which contain additional
information relating to the feasibility of the trail and bridge over the White River.
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3. Project Location

The project is located east of SR 410 as it crosses the White River between Buckley, Washington,
and Enumclaw, Washington. The White River forms the boundary between Pierce County o the
south and King County to the north of the river. A sketch of the project’s existing conditions and
general layout is shown in Figure 3.1.

Historically, two river crossings existed within the project boundary. The first was a past SR 410
alignment and the second was a past NPRY alignment. Figure 3.2 is a photograph from 1933
which shows the Old SR 410 Bridge with the old NPRY frestle and bridge in the background.
Additional historic photographs can be found in Appendix A.

The old SR 410 alignment includes a tangent section as it extends north from North River Avenue.
The alignment crosses an existing short single span bridge over a diversion canal. It continues
along the old SR 410 berm and over the White River. North of the river, the alignment curves
twice to follow Mud Mountain Road. The old SR 410 alignment then crossed an existing
concrete arch bridge over Boise Creek and continued on to 244th Avenue Southeast. The old
SR 410 river crossing was a two span (171 feet- 171 feet) steel through fruss bridge.

The old NPRY alignment includes a tangent section south of and over the White River. North of
the river, the alignment includes a horizontally curved section and a tangent section that
parallels the existing SR 410 alignment. The old NPRY river crossing was a single span, 250 feet
long steel truss bridge.

As a result of the two historic alignments, the site contains a tofal of five existing concrete bridge
piers. The locations of the existing piers are shown in Figure 3.1. The first two are from the
abandoned NPRY Bridge over the White River and are located approximately 800 feet east of
SR 410. The remaining three piers are from the old SR 410 Bridge over the White River and are
located approximately 200 feet east of the old NPRY piers.

The proposed trail begins on the old SR 410 alignment, just north of where North River Avenue
terminates, shown as Point A in Figure 3.1. The approximate elevation of Point A is 673 feet. The
proposed trail ends on the old NPRY alignment, at the top of a knoll, shown as Point B in

Figure 3.1. The approximate elevation at Point B is 700 feet.

Along with crossing the White River, the proposed frail will also need to cross the White River's
100-year flood plain, Boise Creek, Mud Mountain Road, and the location of the proposed Boise
Creek relocation. These crossings can be observed in Figure 3.1.
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Figure 3.2: OId SR 410 Bridge and OId NPRY trestle behind during flood
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4. Data Research

Prior to developing the trail alignment alternatives, information regarding the project location,
existing concrete piers, and previous studies conducted in the area was gathered and
reviewed. The following section describes the references and resources used during this
feasibility study.

References

Design Guides

e AASHTO, Guide Specifications for the Design of Pedestrian Bridges, 1997.

e AASHTO, Guide for the Development of Bicycle Facilities, 1999.

e King County, Road Standards, 1993.

e« Washington State Department of Transportation, Bridge Design Manual (M23-50), 2006.
e Washington State Department of Transportation, Design Manual (M22-01), 2001.

Original Design Drawings

e Northern Pacific Railways Pacific Div. Buckley Line, Bridge 225 (11.3) White River, 1907.
Obtained through Burlington Northern Santa Fe Railway and the Minnesota Historical Society.

e Pierce County, Washingfon: Buckley Bridge, No 34206 A over White River, 1914. Obtained
through King County’s Map and Record Center and Pierce County.

e Primary State Highway No. 5 Buckley to Enumclaw White River Bridge, 1948. Obtained
through the Washington State Department of Transportation.

Other References

e Associated Earth Sciences, Wefland Delineation Report, Tacoma Public Utilities, White River
Crossing, Pipeline No. 1, September 1998.

e Collins, Brian and Amir Sheikh, Historical Channel Locations of the White River: RM 5- RM 28,
King County, Washington, October 2004.

¢ HDR Engineering, Tacoma Water Pipeline No. 1: White River Bridge Crossing: Draft Technical
Memorandum, June 2001.

¢ HDR Engineering, Tacoma Water Pipeline No. 1: White River Scour Analysis, March 1999.

s King County Parks, Conceptual Alignment and Structure Evaluation: For a Potential Trail Link
Over White River at South of Enumclaw, King County, July 2002.

¢ King County Road Services Division, Mount Si Bridge Replacement Project: Historical
Background Report, September 2006.

e Krier, Robert, King County Historic Bridge Inventory Phase lll: Final Evaluation and
Documentation, August 1995.

¢ RCI Construction Group, Tacoma Water: White River Crossing: Constructability Report, June
2000.

e R2 Resource Consultants, Biological Assessment of Tacoma Pipeline No. 1, October 2000.

Site Visits

The project location was visited three times to evaluate the existing site conditions. A portfion of
the photographs taken during these visits are included in Appendix B. The site visits provided an
opportunity to document existing conditions and site constraints at the project location. The
following observations were made and considered during development of the frail alignment
alternatives:
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e Condition of Existing Piers — Based on visual inspection, the existing concrete piers were
generally in good condifion. Although some surface cracking was observed, these cracks
can be repaired, and typically do not impact the structural capacity of the piers.

e Scour of old SR 410’s Pier 2 — During the first two site visits, visual inspection indicated a
potential for scour issues atf Pier 2. Comparing field measurements with as-built drawings
suggests a limited cover between the mud line and the top of the foundation. During the
third site visit, the river had receded from Pier 2 so it was possible to see the mud line at Pier 2.
Excessive scour was not observed. See Figure 4.6 which shows the mud line at Pier 2.

e River Flow - The location and flow of the river varied significantly between the three site visits.

e Open Area - A large, flat open field is located on the south side of the river southwest of the
old NPRY pier.

e Existing Berm — the existing berm appeared to be in good condition with a solid, level travel
surface.

o Steep Slopes - Steep slopes were observed at numerous locations on the project site. This is
especially true north of the river near Mud Mountain Road.

e Elevation Differences - It was noted that the elevation near the end of the trail (Point B in
Figure 3.1) was significantly higher than elevations at other key locations in the project areaq,
such as the top of existing piers.

¢ Property Owners — Some of the property along Mud Mountain Road is under private
ownership. Some of the trail alignment alternatives pose potential impacts to the private
property.

e Existing Concrete Arch Bridge — Although the existing concrete arch bridge over Boise Creek
was generally in good condition, it was noted that the foundations were in extremely bad
condition. The foundations have been undermined by Boise Creek, requiring extensive
rehabilitation should the frail make use of this existing structure. This undermining of the
foundations can be seen in photographs found in Appendix B.

LiDAR, GIS, and Survey Information

To develop the project base map (shown in Figure 3.1), it was necessary to gather relevant
contour and site information. At this preliminary stage of the project, a detailed survey was not
conducted. For this study the project contours were created from LIDAR data provided by the
King County GIS Center and the Puget Sound LIDAR Consortium.

LIDAR employs an airborne scanning laser to gather topographical information. The accuracy
of the LIDAR data is acceptable for this preliminary study; however, as the project moves into the
final design phase, it will be necessary to perform a formal survey.

Additional components included in the project base map, such as center line of roadway, were
obtained from GIS (Geographic Information System) data provided by the King County GIS
Center. Survey information of the existing bridge piers was provided by the King County Survey
Department. As the project continues into the next phase, this information should also be
updated with a formal survey.

Structure As-Built Information

Existing SR 410 Bridge Over White River

As-built drawings of the existing SR 410 Bridge over the White River were obtained from the
Washington Department of Transportation (WSDOT). As shown in Figure 4.1, the main span is a

200-foot long steel truss bridge supported on wall piers which are founded on spread footings.
The drawings are dated 1948.
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Old SR 410 Bridge Over White River

As-built drawings of the old SR 410 Bridge over the White River were obtained from the King
County Map and Record Center as well as the Pierce County Public Works and Utilities. A plan
and elevation of the old SR 410 Bridge is shown in Figure 4.2. An as-built drawing of the three
concrete piers is shown in Figure 4.3. The drawings are dated 1914.

The old SR 410 Bridge was built in 1915 and was located approximately 1,000 feet east of the
existing SR 410 Bridge. The existing three piers originally supported two simple span, steel frusses
with span lengths, from center to center of pier, of 173 feet. In 1955 the structure was
abandoned and disassembled as a new highway bridge (the existing SR 410 Bridge) was built by
WSDOT downstream. One of the spans was relocated to a location near North Bend,
Washington. It currently carries Mt. Si Road over the Middle Fork of the Snogualmie River.

Figures 4.4, 4.5, 4.6, and 4.7 show photographs of the three existing piers. The piers are tapered
with minimum dimensions of 30 feet long, 4 feet wide (6.5 feet for Pier 2), and 25 feet tall (20 feet
for Pier 3) with an exposed height varying from 9 to 20 feet. The piers are founded on 3.5 feet
thick spread footings. See Appendix B for additional photographs.

Old NPRY Bridge Over White River

As-built drawings of the old NPRY Bridge over the White River were obtained from the Minnesota
Historical Society as well as the Burlington Northern Santa Fe Railway Engineering Department.
A plan view of the bridge can be found in Figure 4.2, while an elevation view of the bridge can
be found in Figure 4.8. The drawings are dated 1907.

The old NPRY Bridge was located approximately 800 feet east of the exiting SR 410 Bridge. The
piers originally supported a 50-foot deep, riveted steel truss with a span length, from center to
center of pier, of 253 feet. In 1972, the superstructure was removed.

Figures 4.9 and 4.10 show photographs of the two piers. Each pier is protected by stone riprap
and is 35.5 feet long, 8 feet wide, and 29.5 feet tall with an exposed height varying from 8 to
10 feet. Each pieris founded on 63 piles. Based on HDR 2001, the piles are most likely 12- to
16-inch diameter timber piles.

Local Projects
Boise Creek Relocation

Currently, Boise Creek is located between the old NPRY alignment and the old SR 410 alignment.
King County is currently working on a project to relocate Boise Creek. Af the time of this report,
the final alignment of the relocated Boise Creek was unknown. Therefore, an assumed location
of the relocated creek was used during this study and was based on a project coordination
meeting which occurred in late 2006. The assumed relocated Boise Creek crosses the old NPRY
alignment, resulfing in additional constraints for the frail alignments. Based on information
gathered during project coordination meetings in 2007, a clear span of 60 feet was deemed
sufficient to span the assumed relocation of Boise Creek.
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Tacoma Public Utility Relocation Study

To relocate Tacoma Pipeline No. 1, Tacoma Public Utility commissioned a study in 2001 to
evaluate bridge alternatives for crossing the White River. The general location of the Tacoma
Public Utility study corresponds to the current trail feasibility study. Numerous reports were
generated during the Tacoma Public Utility study and are listed in the references. These reports
were obtained from Tacoma Public Utility and reviewed during the current trail feasibility study.
Tacoma Public Utility ultimately decided not to use the existing piers and instead opted to bury

the pipeline below the White River. The final location of the Tacoma Public Utility pipeline is
shown in Figure 3.1.
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Figure 4.5: Pier 2 Looking East, Old SR 410 Bridge over the White River (2006)
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Figure 4.6: Pier 2 Looking South, Old SR 410 Bridge over the White River (2007)
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Figure 4.10: Pier 2 Looking North, Old NPRY Bridge over the White River (2006)
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5. Hydraulic

A hydraulic study was performed to determine the 100-year flood plain, possible river migration
scenarios, and the potential for scour at project improvements.

As part of the study, a site visit was performed and existing documents were obtained and
reviewed. The data gathered during these initial tasks was used throughout the hydraulic study.

Two hydraulic models were created, one accounted for the existing conditions. The second
model incorporated the proposed modifications to the site and was used to determine the
impact of the trail alignment alternatives.

The extent of the 100-year flood plain was determined from the hydraulic models. Based on the
limits for the 100-year flood, it was possible to determine the area where proposed frail and
structure would be impacted. Ideally, the project will limit the encroachment of the frail
alignment and structure within the flood plain.

A geomorphology study was performed to evaluate the potential migration of the White River
within the project site. The geomorphology analysis was based on historical photographs,
existing geomorphic studies, and the site inspection.

The hydraulic study also included a scour and bank protection investigation. Information
obtained from the hydraulic models and the geomorphic analyses were used to calculate the
total scour for each alignment alternative. The scour and bank protection investigation resulted
in the recommendations for scour protection at the existing piers.

The hydraulic study recommends the following protection:

e« OId SR 410 Alignments: For Piers 1 (south) and 3 (north), use riprap with a D50 of 1.1 feet
placed below the channel bed to a thickness of 3 times D50 (3.3 feet) to a lateral distance
of 21 feet from the piers in all directions. An appropriate filter blanket should underlay the
riprap and extend laterally 14 feet from the pier in all directions.

For Pier 2 (central), use riprap with a D50 of 1.1 feet placed below the channel bed o a
thickness of 3 times D50 (3.3 feet) to a lateral distance of 23 feet from the pier in all
directions. An appropriate filter blanket should underlay the riprap and extend laterally 15
feet from the pier in all directions.

e Old NPRY Alignments: For Pier 1 (south), use riprap with a D50 of 3.3 feet place below the
channel bed to a thickness of 3 times D50 (9.9 feet) to a lateral distance of 31 feet from the
pier in all directions. An appropriate filter blanket should underlay the riprap and extend
laterally 21 feet from the pier in all directions.

Because Pier 2 (north) is currently protected by large riprap and receives some protection
from Pier 3 on the Old SR 410 bridge, additional riprap is not required at this fime. However, it
is recommended that this pier be carefully monitored for any future degradation of the
existing riprap protection and that the protection be reevaluated after any significant
flooding event.

See Appendix H for the complete hydraulic report.
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6. Geotechnical

A geotechnical study was performed to identify and evaluate the general geologic conditions
along the proposed alignments and geotechnical constraints associated with each alternative.

As part of the study, research was performed to collect and review available geologic and
geotechnical information, historical aerial photographs of the site, and records regarding the
Old NPRY structure, Old SR 410 structure, and the existing SR 410 structure.

A field reconnaissance was also conducted to observe the existing surface conditions and any
surficial exposures of the soil along each of the proposed alignments. The geotechnical report
summarizes the site conditions, local geology, and subsurface conditions based on the research
performed and the field reconnaissance.

The geotechnical study provides the following preliminary recommendations regarding bridge
foundation types and embankment construction for the trails:

e The alluvial sand and gravel below the surficial topsoil and recent alluvium will likely provide
adequate support for shallow foundations.

e Given the uncertainties and difficulties in dewatering and drilled shaft construction, it is
antficipated that driven H-piles are the preferred deep foundation type.

The report states that the existing information was not sufficient to determine if one alignment
should be preferred based on the anticipated subsurface conditions. The report recommends
further geotechnical investigation to be completed to determine subsurface conditions and to
provide design level geotechnical recommendations for final design.

See Appendix | for the complete geotechnical report.
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7. Environmental

An environmental study was conducted to determine the impact trail alignment alternatives
have on environmentally sensitive areas.

The environmental report summarizes the environmental setting, threatened and endangered
species, fish and wildlife studies, wetlands assessment, stream survey, hydrology, cultural
resources, impacts, and permits and approvals.

The list of anticipated permits and approvals for this project includes:

National Environmental Policy Act (NEPA)

U.S. Army Corps of Engineers (Corps) Section 404 Permit

Endangered Species Act (ESA) Section 7 Consultation

Essential Fish Habitat (EFH) Consultation

Compliance with Section 106 of the National Historic Preservation Act
State Environmental Policy Act (SEPA)

National Pollutant Discharge Elimination System (NPDES)Permit

Clean Water Act Section 401 Certification

Coastal Zone Management (CZM) Consistency Determination

Joint Aquatic Resource Permit Application (JARPA)/Hydraulic Project Approval (HPA)
Shoreline Substantial Development Permit (SSDP)

Clearing and Grading Permit

Alteration Exception

Flood Hazard Certification

Although a mitigation plan will be developed for the pedestrian and trail bridge project at the
next design phase, the environmental study provides the following potential mitigation measures:

Add LWD and/or debris jams to the White River

e Remove existing structures in the floodplain (removal of piers not being used for the
proposed bridge)
Restore off-channel habitat
Restore riparian vegetation: restore degraded areas and plant native coniferous trees in the
riparian zones

e Design and implement habitat restoration projects to increase channel complexity and
connectivity.

See Appendix J for complete environmental report.
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8. Trail Alignment Study

Numerous trail alignment concepts were developed during the initial stage of this study to meet
the geometric constraints of the site and provide a safe, economic route between the start of
the trail to the end of the trail. The concepts utilized four different methods of crossing the White
River: 1) using three existing piers from a historic highway bridge, 2) using two existing piers from
a historic NPRY bridge, 3) using the existing SR 410 Bridge, or 4) using an unconstrained crossing
which required construction of new piers on the site.

The initial alignment concepts were discussed during a project coordination meeting in
November 2006. During this project coordination meeting, five trail alignment alternatives were
chosen for further consideration during this feasibility study. These five alternatives are discussed
below. ;

Figure 8.1 shows the five alignment alternatives initially considered during this study. Alternatives
1 and 2 make use of the old SR 410 piers, Alternatives 3 and 4 make use of the old NPRY piers,
and Alternative 5 makes use of the existing SR 410 Bridge.

As the study progressed into Phase Il, the five alignment alternatives were narrowed down to
two final alignment alternatives. These two final alignments are Alternative 1 and Alternative 3.
See Appendix C for sketches of the different iterations of alignment concepts and alternatives as
the options narrowed to alternatives 1 and 3.

Design Criteria

e« Development of trail alignment alternatives was in accordance with the AASHTO Guide
Specifications for the Design of Pedestrian Bridges, 1997 and the AASHTO Guide for the
Development of Bicycle Facilities.

e The frail alignment alternatives do not need to adhere to ADA requirements.

e When the trail is at-grade, it is assumed that the typical section consists of a 12 feet wide
path with 2 feet wide shoulders on both sides.

e When the trail is on structure, it is assumed that the minimum frail clear width is 12 feet.

Alternative 1

Alternative 1 is shown in Figure 8.1. As the trail begins, it follows the old SR 410 berm for
approximately 1,800 feet and then crosses the river on the old SR 410 piers, with two spans of
173 feet center to center of pier. As the trail makes its way off the main spans, it begins to climb
almost 50 feet on an approximately 850 feet trestle structure. The trestle supports are spaced at
approximately 60 feet on center. The trestle crosses over both the proposed relocated Boise
Creek as well as Mud Mountain Road. A plan and profile of Alternative 1 can be found in
Appendix D.

It should be noted that a modification to Alternative 1, referred to as Alternative 1A, was briefly
considered during the study (and can be seen in Appendix C). The goal of this alternative was
to avoid crossing the relocated Boise Creek. This modification was removed from further
consideration after a project coordination meeting on September 14, 2006, with the
representative with the Boise Creek project. Instead of avoiding a crossing with the relocated
Boise Creek, the trestle was designed to accommodate spans of 60 feet. This span length
provides adequate space for the creek.

I Feasibility Study Report White River Pedestrian Trail |
27




Advantages

e Utilizes full length of the existing berm, thereby reducing the fotal length of approach
structure required.

e Shorter spans over the White River provide the potential for construction benefits and
additional structure options.

e The grade separated crossing of the frail over Mud Mountain Road improves safety for trail
users as well as vehicular traffic.

e Property impacted by alignment is owned by King County, thereby eliminating the need to
purchase right-of-way.

e The elevated approach structure provides a unique perspective of the White River, thereby
enhancing user enjoyment.

e Direct connection between start and end of trail reduces the overall length of the trail,
which in turn helps to reduce the impact of the frail on the surrounding environment.

Disadvantages

e Asignificant amount of clearing would be required in span 1 fo remove the existing frees
and vegetation.

e Hydraulic mitigation, in the form of riprap, is required at the three existing piers.

e Pier 2is, at times, in the flow of the river. The location of Pier 2 suggests that scour could result
in some challenges.

¢ Due to vegetation on both the north side and south side of the river, in the vicinity of
alignment 1, clearing would be required for construction staging and crane access.

Alternative 2

As shown in Figure 8.1, Alternative 2 begins on the same alignment as Alternative 1, using both
the old SR 410 berm and the two 173 feet long spans supported on the old SR 410 piers. As the
trail leaves the main spans, it continues at a constant elevation, supported on an approximately
425 feet long trestle. The trestle supports are spaced at approximately 60 feet on center. This
trestle ties into Mud Mountain Road and follows the shoulder to the east and north for
approximately 1,100 feet.

The trail then crosses Mud Mountain Road at-grade. This location for the at-grade crossing of
Mud Mountain Road was selected in an attempt to increase sight distances for trail users and
the vehicular traffic. The trail then crosses Boise Creek on an existing concrete arch bridge. This
arch bridge was originally part of the old SR 410 alignment. From the arch bridge the frail climios
to the old NPRY alignment. Although this alignment alternative does not tie in at Point B as
shown in Figure 3.1, it does tie into the old NPRY alignment at a point approximately 650 feet
east of Point B.

Advantages

e Utilizes full length of the existing berm, thereby reducing the total length of approach
structure required.

e Shorter spans over the White River provide the potential for construction benefits and
additional structure opfions.

e Limited need for trestle structure could result in economic savings when compared with the
other alternatives. Could potentially eliminate all trestle structure and use fill on the portion
of the trail between main spans and Mud Mountain Road.

e Due to the long trail length, this alternative could potentially meet ADA requirements.
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Disadvantages

e Although the location of the at-grade crossing with Mud Mountain was selected to decrease
sight distance problems, the combination of excessive speed and the limited sight distance
leaves a safety concern for the trail users.

e The significantly longer trail length results in more of the site being disturbed to create the trail.

e Asignificant amount of clearing would be required in span 1 to remove the existing trees
and vegetation.

e Hydraulic mitigation, in the form of riprap, is required at the three existing piers.

e Pier2is, at times, in the flow of the river. The location of Pier 2 suggests that scour could result
in some challenges.

e Due fo vegetation on both the north side and south side of the river, in the vicinity of
alignment 1, clearing would be required for construction staging and crane access.

e This alternative has the greatest potential impacts to adjacent property owners as the trail
follows Mud Mountain Road.

e Likely will need to purchase right-of-way in order to provide adequate space for the trail, the
required cut/fill, and the retaining walls required as the trail follows Mud Mountain Road.

e The existing arch bridge’s foundations are undermined and will require significant
rehabilitation measures.

e There will be an impact to the fraffic on Mud Mountain Road during construction of the trail
and the retaining walls.

Alternative 3

Alternative 3 makes use of the old NPRY piers as shown in Figure 8.1. The alignment begins on a
tangent and continues along the length of the old SR 410 berm. A horizontal curve, supported
by a 425-feet long frestle structure, carries the trail to the old NPRY piers. The main span is a
single span that is 250 feet long and is supported on the old NPRY piers. As the trail makes its way
off the main span it climbs almost 50 feet on trestle structure. The trestle continues for
approximately 850 feet. The trestle alignment crosses over the proposed relocated Boise Creek
and Mud Mountain Road. A plan and profile of Alternative 3 can be found in Appendix D.

Similar to Alternative 1, a modification to Alternative 3, referred to as Alternative 3A, was briefly
considered during the study (see Appendix C for sketch). The goal of this alternative was to
avoid crossing the relocated Boise Creek. This modification was removed from further
consideration after a project coordination meeting on September 14, 2006, with the
representative with the Boise Creek project. Instead of avoiding a crossing with the relocated
Boise Creek, the frestle was designed to accommodate spans of 60 feet. This span length
provides adequate space for the creek.

Advantages

e The grade separated crossing of the trail over Mud Mountain Road improves safety for trail
users as well as the vehicular traffic.

e Property impacted by alignment is owned by King County, thereby eliminating the need to
purchase right-of-way.

e The elevated approach structure provides a unique perspective of the White River, thereby
enhancing user enjoyment.

e The direct connection between start and end of trail reduces the overall length of the trail
which in turn helps to reduce impact of the trail on the surrounding environment.

e There is the potential that environmental mitigation credit could be received by removing
Pier 2 from the old SR 410 Bridge.
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e Because there is already trail access to the old NPRY piers, there is less clearing required
when compared with the alternatives that make use of the old SR 410 piers.

e Thereis alarge, flat, open area to the west side of the southern old NPRY pier which would
provide adequate space for staging.

Disadvantages

¢ Significant hydraulic mitigation, in the form of riprap, is required at the southern NPRY pier.
The quantity of riprap for this one pier is larger than the total quantity for the three piers on
the old SR 410 alignments.

e A temporary crane platform is required on the south side of the river in order fo reduce the
crane’s pick distance to the center segment of the bridge during construction.

e The long span over the river may limit the potential options for construction methods.

e To construct the bridge over the river, a very large (650 ton) crane will be required, which will
increase construction costs.

e This alternative has the longest length of approach trestle which can result in increased costs.

Alternative 4

As shown in Figure 8.1, Altemative 4 starts out the same as trail alignment Altemative 3. It begins on the
old SR 410 berm, curves to the west on a trestle structure, and then crosses the main span on a single
250 feet long structure supported on the old NPRY piers. As the trail continues off the main span
structure, it is supported on a frestle for approximately 210 feet. It then continues at-grade for 350 feet,
where it makes an at-grade crossing of Mud Mountain Road. The trail follows Mud Mountain Road
west towards SR 410 and it then cuts back and climbs the knoll until it reaches the end of the trail.

Advantages

e Limited need for trestle structure which could result in economic savings. Could potfentially
eliminate all trestle structure and use fill on the portion of the frail between berm and main
span and between main span and Mud Mountain Road.

e Property impacted by alignment is owned by King County, thereby eliminating the need to
purchase right-of-way.

e There is the potential that environmental mitigation credit could be received by removing
Pier 2 from the old SR 410 Bridge.

e Because there is already trail access to the old NPRY piers, there is less clearing required
when compared with the alternatives that make use of the old SR 410 piers.

e Thereis alarge, flat, open area to the west side of the southern old NPRY pier which would
provide adequate space for staging.

Disadvantages

e The combination of excessive speed and the limited sight distance at the af-grade crossing
results in a significant safety concern.
The significantly longer trail length results in more of the site being disturbed to create trail.

e There will be an impact to the traffic on Mud Mountain Road during construction of the frail
and the retaining walls.

e Significant quantity of cut/fill and numerous retaining walls are required as the trail climbs the knoll.

e Significant hydraulic mitigation, in the form of riprap, is required at the southern NPRY pier.
The quantity of riprap for this one pier is larger than the total quantity for the three piers on
the old SR 410 alignments.

e A temporary crane platform is required on the south side of the river in order fo reduce the
crane’s pick distance to the center segment of the bridge during construction.
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e The long span over the river may limit the potential opfions for construction methods.
e To construct the bridge over the river, a very large (650 ton) crane will be required, which will
increase construction costs.

Alternative 5

Alternative 5 is the only alignment that does not make use of the historic piers. Instead,
Alternative 5 makes use of the existing SR 410 bridge, as shown in Figure 8.1. The trail starts out
the same as alignment alternatives 3 and 4. The trail begins on the old SR 410 berm and then
curves to the west. But instead of using trestle structure and crossing the river, the trail follows the
river west. The trail parallels the river until it reaches the existing SR 410 Bridge. The frail then
crosses the river on structure by widening the existing SR 410 Bridge. The trail then follows SR 410
until it reaches Mud Mountain Road at which point it climbs the knoll until it reaches the end of
the trail.

Advantages

e Limited need for trestle structure which could result in economic savings.

e There is the potential that environmental mitigation credit could be received by removing
Pier 2 from the old SR 410 Bridge.

e Paralleling river could enhance user experience and provide opportunity for frail
enhancements such as benches or picnic tables.

Disadvantages

e The at-grade crossing of Mud Mountain Road results in safety concerns. Because the
crossing is at the intersection with SR 410, sight distances and vehicular speed on both SR 410
and Mud Mountain Road are a concern.

e A barrier must be provided.

e The significantly longer trail length results in more of the site being disturbed to create trail.

e There will be an impact to the traffic on SR 410 and Mud Mountain Road during construction
of the trail and the retaining walls.

e Significant quantity of cut/fill and numerous retaining walls are required as the frail climbs the knoll.

e New White River crossing would require extensive retrofit of existing White River Bridge.
Retrofit would require modifications to existing bridge frusses, floor beams, and foundations.
Cost for widening existing structure would likely exceed costs for a new independent bridge.

e Widening existing bridge will have a significant impact to traffic on SR 410 during
construction phase.

e Significant clearing and grubbing as well as regrading are required on the south side of the
river as the trail nears the existing SR 410 Bridge.

e Significant cut/fill and numerous retaining walls are required as the trail climbs the knoll.

e The portion of the trail adjacent to SR 410 is on state right-of-way.

e Trail construction of the portion that is adjacent to SR 410 will impact traffic on SR 410 during
the construction phase.

Alternative Summary

It was necessary to establish criteria to evaluate the five alternatives. The following key
components were selected as a basis for comparison between the alternatives. The following
table summarizes these key components based on the advantages and disadvantages for
each of the alternatives described above.
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1. Length of frail - accounts for the length of trail between start and end. Trails with shorter
length are potentially more economical because they require less structure/trail to be
constructed and have less impact to the site.

2. Length of structure — accounts for the length of structure required for the trail alignment.
Because constructing structure is expensive, shorter structure lengths are more economical.

3. Maximum grade — accounts for the maximum grade on the frail alignment. Shallower
grades are more desired to provide trail user comfort.

4. Safety — accounts for potential safety issues on the trail alignment. An important safety
concern is the at-grade crossing of Mud Mountain Road.

5. Impact to property owners — accounts for potential right-of-way acquisition necessary for
the trail alignment. Trail alignments that do not impact existing property owners are more
desired.

6. Impact to traffic — accounts for any impacts to traffic flow during construction or during final
use. Less impact to traffic is desired.

7. Scour —accounts for scour potential along each trail alignment. Mitigation of scour
potential is costly and impacts the site's hydraulics. Less scour is desired.

8. Impact to Boise Creek —accounts for potential impacts to the Boise Creek Relocation
project. Alignments that limit Boise Creek from migrating are not desired.

9. Geotechnical — accounts for any geotechnical constraints associated with the trail
alignment. Challenges can include steep slopes and poor foundation conditions.

10. Environmental — accounts for any environmental mitigation required with the trail alignment.

11. Constructability — accounts for challenges associated with construction of the trail
alignment.

Table 8.1: Alternative Summary

Alternative Alternative Alternative Alternative Alternative
Component

1 2 3 4 5

1. Length of frail

Length of structure

Maximum grade

Safety

Impact to traffic

Scour

Impact to Boise Creek

2.
3.
4.
5. Impact to property
6.
7
8.
Q.

Geotechnical

10. Environmental

O QO Of{0f »{ p| p|O|O
4 4000 «| 4| €| p| p|O
OOy O3y ) O O] b f b O O
<4 40|00 4| 4| €| O] p|O
4> 00040 «q0

11. Constructibility

A —To be provided by King County.

Conclusion

Alternatives 1 and 3 were selected for further consideration. They were chosen because they
provided the most significant overall project benefits. They also provide for the safest crossing of
the frail and Mud Mountain Road. Alternative 1 is shown in Figure 8.2 while Alternative 3 is shown
in Figure 8.3.
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% Bridge Study

A dual steel plate girder bridge, a prefabricated parallel through truss, a built-on-site rounded
through truss, and post-tensioned precast concrete girder bridge were considered for the main
spans over the White River. Steel and post-tensioned concrete options were required due to the
long spans (250 feet or171 feet) over the river. These structure options were developed and
evaluated to determine preliminary member sizes to be used in the cost estimates. The stress
levels in the members were checked, the frequency criteria specified by AASHTO was checked,
and the live load deflection requirements were checked to ensure compliance.

Alignment 1: Steel Plate Girder

This option makes use of two parallel welded steel plate girders with total depth of 7 feet

6 inches. The girders are braced laterally to allow prefabricated sections to be shipped to the
site and to be placed as a unit. Temporary construction bents are in place to support the units
until they are spliced together. To minimize the increase in grade at the existing piers, the steel
girders are clipped, resulting in a girder depth of five feet at the existing piers. After the units are
in place and are spliced tfogether, the precast concrete deck panels and handrails are placed.
Figures 9.1 and 9.1A show the steel girder option for Alignment 1.

Advantages

e The design of the steel plate girders is straight forward.

o Steel plate girders are a common structural form used in the region and relatively easy to
fabricate.

e The girders can be shipped to the site as a unit, saving on site construction time.

e FErection can be rapidly accomplished by placing the two girder units and splicing together.

e The crane pick weights and distances will allow for a smaller crane than that required for the
Alignment 3 options.

Disadvantages

o The steel plate girder is less efficient than some of the other Alignment 1 options. The inefficient
use results in heavier weight, and in turn, additional cost.

e Thisis the least aesthetically pleasing option.

o The steel members will need to be checked for corrosion on a regular basis.

o The steel members will need to be maintained and painted every 15 years.

Cost

e Main span superstructure cost: $999,980.
e See the Cost Estimates section and Appendix G for additional information.

Alignment 1: Prefabricated Parallel Truss

The prefabricated parallel fruss option makes use of 14 feet deep truss segments which are
prefabricated and shipped to the site as a unit. 1The segments are place onto temporary
construction bents and are then spliced together. Once the prefabricated truss segments are
spliced together, the precast concrete deck panels and handrails are placed. See Figures 9.2
and 9.2A for the prefabricated parallel fruss option for Alignment 1.
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Advantages

e Truss structures make efficient use of steel, thereby reducing the overall weight, which results
in a more economical structure.

e The truss segments can be prefabricated in the shop and then shipped to the site as a unit,
saving on site construction time.
Erection can be rapidly accomplished by placing the units and then splicing them together.
The crane pick weights and distances will allow for a smaller crane than that required for the
Alignment 3 options.

e The truss options are the most aesthetically pleasing of the options.

e Trusses can add interest to the trail user experience and fit with the aesthetics of the existing
SR 410 Bridge.

e Greater quality control for the connections can be achieved in the fabrication shop than in
the field.

e This option provides potential economic savings by prefabricating structure and reducing
the labor intensive work on-site.

e This option has the greatest potential to eliminate the temporary construction bents in the
river. This could be accomplished by launching the trusses from the existing berm or by lifting
the entire span into place.

Disadvantages

e The steel members will need to be checked for corrosion on a regular basis.

e The steel members will need to be maintained and painted every 15 years. This becomes
more challenging than the steel girder option because the truss has numerous pieces and
connections which must be addressed.

e Transportation of the prefabricated elements would be more difficult than the other options
and would need to be addressed accordingly.

Cost

e Main span superstructure cost: $862,480.
e See the Cost Estimates section and Appendix G for additional information.

Alignment 1: Rounded Truss

The rounded fruss makes use of individual elements bolted together on site o form truss units.
The final truss configuration has depth varying from 10 feet 6 inches to 14 feet. The units are then
lifted onto temporary construction bents and then are spliced together. Once the truss is
completed, precast concrete deck panels and handrails are installed. A sketch of the rounded
truss options can be found in Figures 9.3 and 9.3A.

Advantages

e Truss structures make efficient use of steel, thereby reducing the overall weight, which results
in a more economical structure.

e The crane pick weights and distances will allow for a smaller crane than that required for the
Alignment 3 options.

e The truss options are the most aesthetically pleasing of the options.

e Trusses can add interest to the trail user experience. The bolted connections will fit with the
aesthetics of the existing SR 410 Bridge.

e Easy transportation because only small components must be shipped o the site.
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Disadvantages

The steel members will need to be checked for corrosion on a regular basis.
The steel members will need to be maintained and painted every 15 years. This becomes
more challenging than the steel girder option because the truss has numerous pieces and
connections which must be addressed.

e Of all the options, this option has the most components which must be connected in the
field. Extensive on-site construction time would be required to connect the individual truss
components.

Cost

e Main span superstructure cost: $899,980.
e See the Cost Estimates section and Appendix G for additional information.

Alignment 1: Precast Concrete Girder

The option makes use of two W83PTG post-tensioned, precast concrete girders. Each girder is
cast in three segments. The segments are shipped to the site and placed on temporary bents.
Because of the weight of the girder segments, the girders must be placed individually and not in
a unit like with the steel options. The segments are then post-tensioned together. After the
segments are in place, the cast-in-place deck slab is poured and handrailss are added. See
Figures 9.4 and 9.4A for a drawing of precast concrete girder option.

Advantages

The design of the precast concrete girders is straightforward.

e Precast concrete girders are a common structural form used in the region and easy
to fabricate.

e Because the structure will not need to be painted in the future, this option has the lowest
maintenance cosfs.

e This is the least costly of the options.

Disadvantages

e This option is a utilitarian design which does not result in such an aesthetically pleasing
structure as the fruss options. The aesthetics may not match well in the surrounding
environment.

e A cast-in-place deck slab is required on the precast concrete girders. The cast-in-place
concrete will be more costly than the precast panels because it will be necessary to pump
the concrete from the ends of the bridges. There may also be environmental concerns
about pouring concrete over the river.

e Because the ends of the concrete girders will not be clipped, use of the precast concrete
girders will raise the grade about seven feet at the existing piers. This will require regrading of
the berm near Pier 1.

e Concrete girders weigh more than steel girders, so the two precast concrete girders cannot
be placed as a unit like the steel girders. Instead, each girder must be lifted separately.

This will result in more crane picks.

Cost

e  Main span superstructure cost: $459,980.
o See the Cost Estimates section and Appendix G for additional information.
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Alignment 3: Steel Plate Girder

This option makes use of two parallel welded steel plate girders with a total depth of ten feet.
The girders are braced laterally to allow prefabricated sections to be shipped to the site and
placed as a unit. Temporary construction bents are in place to support the units unfil they are
spliced together. To minimize the increase in grade at the existing piers, the steel girders are
clipped, resulting in a girder depth of five feet af the existing piers. After the units are in place
and spliced together, the precast concrete deck panels and handrails are placed. Figures 9.5
and 9.5A shows the steel girder option for Alignment 3.

Advantages

e The design of the steel plate girders is straightforward.
Steel plate girders are a common structural form used in the region and relatively easy
to fabricate.
e The girders can be shipped to the site as a unit, saving on site construction time.
e Erection can be rapidly accomplished by placing the two girder units and splicing fogether.

Disadvantages

o The steel plate girder is less efficient than the truss option. The inefficient use results in heavier

weight, and in turn, additional cost.

This is the least aesthetically pleasing option.

The steel members will need to be checked for corrosion on a regular basis.

The steel members will need to be maintained and painted every 15 years.

The weights and distances of the crane picks are significant. They will require a large crane

(650 ton), which will increase construction costs.

e A temporary crane platform constructed of untreated timber is required on the south side of
the river. The crane platform will reduce the pick distances. The unireated timber piles in the
river will need to be accounted for during environmental permitting.

Cost

e Main span superstructure cost: $1,058,900.
e See the Cost Estimates section and Appendix G for additional information.

Alignment 3: Prefabricated Parallel Truss

The prefabricated parallel truss option makes use of 20-foot deep truss segments which are
prefabricated and shipped to the site as a unit. The segments are placed onto femporary
construction bents and are then spliced together. Once the prefabricated truss segments are
spliced together, the precast concrete deck panels and handrails are placed. See Figure 9.6 for
the prefabricated parallel truss option for Alignment 3.

It was determined that this option was not feasible. The height of the prefabricated truss would
exceed the height restrictions during fransportation. Therefore this optfion was eliminated from
further consideration because it could not be transported to the site and is therefore not a
feasible option
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Alignment 3: Rounded Truss

The rounded fruss makes use of individual elements bolted together on site to form truss units.
The final truss configuration has depth varying from 15 feet to 20 feet. The units are then lifted
onto temporary construction bents and spliced together. Once the truss is completed, precast
concrete deck panels and handrails are installed. A sketch of the rounded truss options can be
found in Figures 9.7 and 9.7A.

Advanftages

e Truss structures make efficient use of steel, thereby reducing the overall weight. This results in
a more economical structure.

e The truss options are the most aesthetically pleasing of the options.

e Trusses can add interest to the trail user experience. The bolted connections will fit with the
aesthetics of the existing SR 410 Bridge.

e Easy fransportation because only small components must be shipped to the site.

Disadvantages

The steel members will need to be checked for corrosion on a regular basis.

e The steel members will need to be maintained and painted every 15 years. This becomes
more challenging than the steel girder option because the truss has numerous pieces and
connections which must be addressed.

e Of all the options, this option has the most components which must be connected in the
field. Extensive on-site construction time would be required to connect the individual truss
components.

Cost

e Main span superstructure cost: $1,007,900.
e See the Cost Estimates section and Appendix G for additional information.

Alignment 3: Precast Concrete Girder

Post-tensioned, precast concrete girders are not applicable for span lengths of 250 feet.
Therefore, this option was not considered for Alignment 3.
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10. Trestle Study

Two trestle options were considered and evaluated as part of this study. The first option makes
use of prefabricated steel trestle bents. The second option makes use of cast-in-place, single
column bents. The two options are described below.

Steel Trestle

The steel frestle makes use of prefabricated steel bents. The bents can be fabricated in the shop
and then transported to the site as a unit. After they arrive on site, the bents can be lifted into place
onto the foundation with relatively small equipment. Pin piles are used in combination with a
cast-in-place pile cap. The pile cap provides tolerances for the prefabricated bents. Once the bents
are in place, the two steel plate girder superstructures can be placed along with the precast concrete’
deck panels and the handrails. Knee braces are added at each bent once the superstructure is
placed to provide lateral support. Figure 10.1 shows a sketch of the steel trestle option.

Advantages

e The bents can be prefabricated and shipped to the site in one piece. Greater quality
control can be achieved in the fabrication shop than in the field. There are also potential
cost savings by prefabricating the bents.

e Canreduce fime to construct the frestle as well as reduce the on-site labor.

e Can be constructed easily and quickly with small crane/equipment.

o Aesthetfically matches original trestle structures at the site and fits well with truss structures at
main span.

Disadvantages

e The steel members will need to be checked for corrosion on a regular basis.
e The steel members will need to be maintained and painted every 15 years.

Concrete Trestle

The concrete trestle option uses a cast-in-place, single column hammerhead pier founded on
pin piles and a pile cap. Once the bents are completed, three 26-inch voided slabs are placed
along with the handrails. Figure 10.2 shows a sketch of the concrete trestle option.

Advantages

e Cast-in-place concrete components make it easier to adjust to field tolerance/issues should
they develop during construction.

e Because the structure will not need to be painted in the future, this option has the lowest
maintenance costs.

e This option fits well aesthetically with the precast concrete girder option at the main span.

Disadvantages

e |t will be challenging to get the concrete to all of the bent locations. Will need to pump the
concrete for long distance.
There could be potential environmental issues with cast-in-place concrete near sensitive areas.
o Constfruction will take significantly longer than for the steel trestle option. The reinforcing
cage needs fo be set, the formwork placed, the concrete poured and cured, and then the
formwork removed.
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11. Constructability Issues

Constructability issues are a key concemn for this project due to the long spans over the river, the
length of approach frestle, and the site characteristics. This section summarizes the probable
construction sequence anticipated for the project. General construction issues that are
applicable to all of the options are also summarized. For specific construction issues for a given
option, see the previous Trail Alignment Study, Bridge Study, and Trestle Study sections.

Probable Construction Sequence

The construction sequence for the project will start with a mobilization effort that includes silt
fencing and temporary erosion and sedimentation control measures. Clearing and grubbing will
take place, opening a swath of cleared area which follows the rail alignment.

Temporary construction bents will be constructed along with the temporary crane platform
(where applicable). Then the main span(s) will be constructed. This will entail placing segments
of the superstructure and then connecting (or post-tensioning) them together. See Appendix F
for a sketch of locations of cranes for erection of main spans.

Once the main span is completed, work will begin on the frestle approaches. Pin pile installation
and foundation excavation will occur. Pile caps will be poured with anchor bolts to accept the
prefabricated frestle bents. The prefabricated steel bents will be delivered to the site and
placed on the foundations using relatively small equipment.

The trestle steel girders, precast concrete panel, and handrails will then be placed.

Any temporary construction material will be removed and site restoration will begin.
General Construction Issues

e Access to the site is fair. On the south side of the river the site can be accessed from the
existing berm. On the north side of the river the site can be accessed from either Mud
Mountain Road or from a service entrance off of SR 410.

e Atemporary culvert or bridge will be required over Boise Creek for construction access. It will
be a temporary structure, which can be removed after construction. This structure will be
necessary for all alignment alternatives to provide access along the length of the trail. This
temporary structure may require permits.

e The temporary timber crane platform can utilize untreated timber piles so that they may be
left in place after construction. The temporary construction bents in the river will be steel
piles and will be removed when construction is complete. These temporary structures may
require environmental permits.

e The location of the river banks fluctuates significantly at different times of the year. It may be
possible to take advantage of the low flow to install temporary bents and crane platforms.
Launching was considered for all the steel girder and truss options. It is not economical for
the 250-foot span because of the hold down structure and hardware required during
launching. Launchingis a possibility for the 171-foot spans because the bridge could
potentially be launched from the existing berm. This would eliminate the need for temporary
bents in the river, reducing the required environmental permitting.
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12. Cost Estimates

Cost estimates were developed for the two final alignment alternatives. Costs were developed
for each of the four bridge structure alternatives (steel plate girders, prefabricated parallel truss,
rounded truss, and precast concrete girders) as applicable and the two approach structure
types (prefabricated steel bents and cast-in-place concrete bents).

Table 12-1 provides a summary of cost estimates while Appendix G provides detailed cost
estimates for each option. Costs are in 2008 dollars and include a 20 percent design
contingency. Costs are shown for steel trestle option only. For concrete trestle for Alignment 1,
subtract $81,730, and for Alignment 3, subtract $134,405.

Table 12-1: Cost Estimates for Trail and Structure Alternatives (in Dollars
LA S T T E AlignmentT &0 & & T FTE Riignment's

Plate Parallel Rounded Precast Plate

Girder. Truss Truss Concrete Girder
General 714,550 700,500 704,550 660,550 775,250 770,250
Bridge 999,980 862,480 899,980 459,980 1,058,200 1,007,200
Trestle* 1,608,240 1,608,240 1,608,240 1,608,240 2,094,700 2,094,700
Abutments 115,000 115,000 115,000 115,000 115,000 115,000
Exist. Piers 70,400 70,400 70,400 70,400 47,600 47,600
Temp. Supports 36,400 36,400 36,400 36,400 18.200 18,200
Temp. Platform - - 2 - 75,000 75,000
Hydraulic 240,250 240,250 240,250 240,250 410,250 410,250

Environmental** = - - _ _ _

Sum 3,784,820 3,633,320 3,674,820 3,191,620 4,594,900 4,538,900
20 iercen’r Con’rinienci 756,964 726,664 734,964 638,324 918,980 907,780
Total (2007) 4,541,784 4,359,964 4,409,784 3,829,944 5,513,880 5,446,680
5 percent Increase 227,089 217,998 220,489 191,497 275,694 272,334
Total (2008) 4,768,873 4,577,962 4,630,273 4,021,441 5,789,574 5,719,014

Costs that have not been included in the estimates are as follows:

e Sales tax
e Design and construction engineering and inspection
e Removal of any unknown contaminated soils or construction contingency

The general estimate includes the following items:

Mobilization (assumed as ten percent of subtotal)

Clearing and grubbing

Crushed surfacing base course for portions of the trail at-grade and for staging along project
Asphalt for portions of the frail at-grade

Construction surveying

Erosion control blanket and labor

Silt fence and temporary sedimentation control

Seeding, fertilizing, and mulching

Site restorafion
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The bridge estimate includes the following items:

Steel handrail.

Concrete and reinforcing steel for the concrete deck slab.
Structural steel for plate girders or truss members (where applicable).
Precast concrete girders (where applicable).

Elastomeric bearing pads.

Crane mobilization.

Steel erection.

The trestle estimate includes the following items:

Steel handrail.

Concrete and reinforcing steel for the concrete deck slab.

Concrete and reinforcing steel for the foundations.

Structural steel for the trestle superstructure.

Structural steel for steel bents or concrete and reinforcing steel for concrete bents.
Structure excavation for foundations.

Piles for foundations.

The abutment estimate includes the following items:

e Structure excavation for foundations.
e Concrete and reinforcing steel for abutment.

The modification to existing piers estimate includes the following items:
e Removing portfion of existing pier.

e Masonry drilling for anchors.

e Concrete and reinforcing steel for next bearing area.

The temporary support structure estimate includes the following items:

e Furnishing and driving steel piles for the temporary support bents.
o Structural steel as part of the temporary support bents.

The temporary crane platform estimate includes the following items:

e Furnishing and driving untreated timber piles.
e Untreated timber for the temporary deck.

The hydraulic mitigation estimate includes the follow items:
e Cofferdam.

e Structure excavation inside cofferdam.

e Heavy loose riprap.

The environmental estimate will include the following items:

e Permitting costs (to be provided by King County).
o Mitigation measures (to be provided by King County).
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13. Summary and Recommendations

Summary

This report provided an evaluation of the feasibility for a pedestrian trail and bridge crossing the
White River between Buckley, Washington and Enumclaw, Washington. The study’s goal was to
determine a safe, economical, and efficient trail alignment and bridge structure that results in
minimal impact to the environment.

Initially many tfrail alignment alternatives were considered. As the study progressed it led to the
two most promising alternatives (1 and 3). These alternatives were closely evaluated throughout
this study and are described in further detail in the preceding sections of this report.

In conjunction with these two alignment alternatives, bridge alternatives were developed and
discussed. Four bridge structure options (steel plate girders, prefabricated parallel truss, rounded
truss, and precast concrete) were developed and evaluated.

Two trestle types were also developed and discussed in previous sections of this report.

Based on the evaluation and analysis performed during this study, Table 13.1 summarizes the
alternative comparison based on the evaluation and analysis performed during this studly.

Table 13.1: Alternative Comparison

Alignment 1 Alignment 3
Component P!aie Parallel Rounded Precast P!ate Rounded
Girder Truss Truss Concrete Girder Truss
Cost (in millions of doliars) 4.8 4.6 4.6 4 5.8 5.7
safety A A A A A A
Aesthetics v A A O \ 4 A
Trail Experience D A A D D A
Impact to property A A A A A A
Impact to traffic O ] | O O [
IHydraulic Impact ] | | O v A 4
Geotechnical O ] O ] [ O
Environmental® \ 4 v v v ] 5
Length of frail ] [ | ] = O
Approach Length O &= | = \ 4 v
IMain span Constructability O A | ) [ \ 4
Transportation 1o Site O | | ) O O
[Maintenonce O \ 4 v A O v
A —To be provided by King County.
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Recommendations

Based on the studies results, the preferred alternative is Alignment 3 spanning the White River
with a rounded steel truss and utilizihng concrete trestle approaches. The preferred alternative
selection was based on the least impact to the environment, the utilization of existing King
County right-of-way, the optimized length of the trail connection, the constructability of the truss
and frestle, the aesthetically pleasing nature of the truss, and the estimated cost for construction.

Next Steps

Following the review and discussion of this report, as the project contfinues into the final design
phase, it is recommended that the next steps include:

Conduct detailed survey of preferred alignment.

Complete detailed geotechnical study to determine final design level information.
Perform final design of plan and profile for selected trail alignment.

Perform final structural design of proposed bridge structure and trestle.

Complete detailed evaluation of existing piers.

Update environmental study and include costs for permitting and mitigations.
Continue to coordinate with Boise Creek relocation project team.

Include cost for sales tax, design and construction engineering, and construction
contingency.
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Appendix A - Historic Photographs

The following historic photographs were obtained from the King County Archives.
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Photo 1

Photo 2

Photo 1T - OId SR 410 Bridge. Looking North. Photograph dated 1932.

Photo 2 - OId SR 410 Bridge and Old NPRY trestle behind during flood. Looking West.
Photograph dated 1933.

I Limited Scope Feasibility Study Draft Report Appendix A |
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Photo 4

Photo 3 — Old SR 410 Bridge with Old NPRY frestle during flood. Looking South. Photographed
dated 1933.

Photo 4 — Old SR 410 Bridge. Looking South. Photograph dated 1933.
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Photo 6

Photo 5— Old SR 410 Bridge with Old NPRY frestle behind. Looking West. Date unknown.
Photo 6 — Old NPRY Bridge North Pier (Pier 2) detail. Looking West. Date unknown.
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Photo 7

Photo 8

Photo 7 — Removal of Old SR 410 Bridge. Looking South. Photograph dated 1955.

Photo 8 — Construction of Mud Mountain Road Bridge with Old NPRY trestle. Looking West. Date
unknown.
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Photo 10

Photo 9 — Mod Mountain Road Bridge with Old NPRY frestle. Looking West. Date unknown.
Photo 10 — Existing Boise Creek Concrete Arch Bridge. Looking South. Photograph dated 1932
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Photo 11

Photo 11 — Existing Boise Creek Concrete Arch Bridge. Looking South. Photograph dated 1932.
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Appendix B - Photographs
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Photo 1

Photo 2

Photo 1 — Looking North, Along Old SR 410 Berm from Start of Trail (Point A) (2006).
Photo 2 - Looking North, Along Old SR 410 Berm with New Pavement from Start Point A (2007)
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Photo 4

Photo 3 — Looking West, from Start of Trail (Point A) (2006).

Photo 4 — Looking East, from Start of Trail (Point A). Diversion Canal shown on Right Side of
Photograph (2006).

| Limited Scope Feasibility Study Draft Report Appendix B |
B-2




Photo 5 - Diversion Canal, Looking West from Bridge at End of North River Avenue (2006).
Photo 6 — Looking South, Along Old SR 410 Berm from End of Pavement (20070.
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Photo 8

Photo 7 — Looking South, Along Old SR 410 Berm from North End of Berm (2007).
Photo 8 — Old SR 410 Pier 1, Looking South West (2006).
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Photo 10

Photo 9 — OId SR 410 Pier 2, Looking East (2006).
Photo 10— Old SR 410 Pier 2, Looking West (2006).
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Photo 12

Photo 11 — Old SR 410 Pier 2, Looking East (2006).
Photo 12— Old SR 410 Pier 2, Looking South (2006).

Appendix Bj
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Photo 14

Photo 13 — Old SR 410 Pier 2, Looking South (2007).
Photo 14— Old SR 410 Pier 2, Looking South (2006).
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Photo 16

Photo 15— Old SR 410 Pier 3 and Existing Boise Creek, Looking North (2006).
Photo 16 — Old SR 410 Pier 3, Looking North East (2006).
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Photo 18

Photo 17 — Old SR 410 Pier 3, Looking North (2007).
Photo 18 — Open Field Near Old NPRY Pier 1, Looking South (2007)
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Photo 20

Photo 19 — Open Field Near Old NPRY Pier 1 with Existing SR 410 Bridge in Background, Looking
West (2007).

Photo 20 - Rive with Existing SR 410 Bridge in Background, Looking West (2007).
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Photo 22

Photo 21 — Open Field Near Old NPRY Pier 2, Looking South (2007).
Photo 22 — Old NPRY Pier 1, Looking North (2006).
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Photo 24

Photo 23 — Old NPRY Pier 1, Looking South (2006).
Photo 24 — Old NPRY Pier 2, Looking North (2006).

| Limited Scope Feasibility Study Draft Report

Appendix B |




Photo 25

Photo 26

Photo 25— Top of Old NPRY Pier 2 Bearing Cap, Looking South East. Old SR 410 Pier 2 Shown in
Background (2006).

Photo 26 — Existing SR 410 Bridge, Looking West (2007).
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Photo 28

Photo 27 — Existing SR 410 Bridge, Looking West (2007).
Photo 28 — Existing SR 410 Bridge, Looking West (2007).
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Photo 29

Photo 30

Photo 29 — Existing Concrete Arch Bridge over Boise Creek, Looking West (2006).

Photo 30 — Undermined Foundation, Existing Concrete Arch Bridge over Boise Creek, Looking
West (2006).
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Photo 32

Photo 31 - Looking South Towards Mud Mountain Road from End of Trail (Point B) (2006).
Photo 32 — Smalll Stream Located between Old SR 410 Pier 1 and Pier 2, Looking East (2006).
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Photo 34

Photo 33 — Existing Mud Mountain Road Bridge Over Boise Creek, Looking West (2006).
Photo 34 — Mud Mountain Road, Looking South from Near Old Concrete Arch Bridge (2006).
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Photo 36

Photo 35 - Mud Mountain Road, Looking East from near Old Concrete Arch Bridge (2006).

Photo 36 — Mud Mountain Road, Looking South Towards Existing Mud Mountain Road Bridge
(2006).
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Photo 38
Photo 37 — Mud Mountain Road, Looking East Towards SR 410 (2006).
Photo 38 — Existing Mud Mountain Road Bridge Over Boise Creek, Looking East (2006).
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Photo 40

Photo 39 — Mud Mountain Road, Looking North Away from Existing Mud Mountain Road Bridge
(2006).

Photo 40 — North East Corner of Mud Mountain Road/SR 410 Intersection, Looking North East
(2006).
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Photo 41 — North East Corner of Mud Mountain Road/SR 410 Intersection, Looking North East
(2006).
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Appendix C - Alignment Alternatives
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Appendix D - Plan and Profile of Final Alternatives
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KPFF Consuiting Engineers project: White River

1601 5th Ave, Suite 1600 Alignment 1 - Steel Trestle - Steel Plate Girders
Seattie, Wa. 93101 location: Between Buckley, WA and Enumclaw, WA
(208)622-5822 client: King County

oy DGH

Gate: 5/7/2008
oo # 107294

Std. hem
Mamber Htom Unit_| Quantity | Unit Cost' | Total Cost
GENERAL
0001 |Mobilization (10%) LS 1 $342,000 $342,000
0035_|Clearing and Grubbing LS 1 $60,000 $60,000
5100 |Crushed Surfacing Base Course for Trail TON 85 $60 $5,100
7038 |Construction Surveying LS 1 $30,000 $30,000
5100 |Crushed Surfacing Base Course for Staging Along Project TON 900 $60 $54,000
Erosion Control Suppervisor and Labor LS 1 $50,000 $50,000
6458 |Erosion Control Blanket SY 1,000 $10 $10,000
6373 |Silt Fence LF 1,500 $6 $9,000
EACH 6 $10,000 $60,000
ACRE 1 $8,000 $8,000
LS 1 $40,000 $40,000
5767 |Asphalt (HMA CL. 1/2 in. PG) TON 65 $330 $21.450
Temporary Crossing Boise Creek for C ion Access | EACH 1 $25,000 $25.000
$714,550
BRIDGE - 2 SPANS @ 171" - STEEL PLATE GIRDERS
Steel Handrail LF 700 $75 $52,500
Concrete Class 4000D For Bridge CcY 90 $900 $81,000
St. Reinf. Bar for Bridge LB 23,740 $2.00 $47,480
Structural Carbon Steel LB 300,000 $2.50 $750,000
Elastomeric Bearing Pad EACH 8 $500 $4,000
Crane Mobilization LS 1 $35,000 $35,000
Steel Erection Ls 1 $30,000 $30,000
$999,980
TRESTLE - STEEL
4355 _|Steel Handrail LF 1,720 $75 $129,000
4380 |[Concrete Class 4000D For Bridge CcY 190 $900 $171,000
4322 |Concrete Class 4000 For Bridge CY 190 $1,000 $190,000
4149 |St. Reinf. Bar for Bridge LB 99,870 $2.00 $199.940
4286 |Structural Carbon Steel LB 308,400 $2.50 $773,500
4006 |Structure Excavation Class A Incl. Haul (4 310 $80 $24,800
Pipe 6 Std. Pin Piles EACH 120 $1,000 $120,000
$1,608,240
ABUTMENTS
4006 [Structure Excavation Class A Incl Haul cY 100 $80 $8,000
4322 |Concrete Class 4000 for Bridge cY 75 $900 $67,500
4149 |St. Reinf. Bar for Bridge LB 19,750 $2.00 $39,500
$115,000
MODIFICATIONS TO EXISTING PIERS
0060 [Removing Portion of Existing Bridge LS 1 $5.000 $5,000
Masonry Drilling 1 1/2" Diameter EACH 120 $30 $3,600
4322 |[Concrete Class 4000 for Bridge CcY 45 $900 $40,500
4149 |St. Reinf. Bar for Bridge LB 10,650 $2.00 $21,300
$70,400
TEMPORARY FALSEWORK BENT
4090 |Furnishing Steel Pilin; LF 400 $35 $14,000
4095 |Driving Steel Piles EACH 8 $800 $6,400
4286 _|[Structural Cabron Steel LB 8,000 $2.00 $16,000
$36,400
TEMPORARY PLATFORM ON TIMBER PILES (FOR CRANE)
4105 _|Furnishing Timber Piling - Untreated LF 0 $10 $0
4108 |Driving Timber Piles - Untreated EACH 0 $450 $0
4280 |Timber and Lumber - Untreated MBM 0 $2,000 $0
$0
HYDRAULIC MITIGATION
4006 [Structure Excavation Class Incl Haul - Inside Cofferdam cY 1,080 $100 $108,000
Cofferdam SF 2,025 $40 $81,000
1075 [Heavy Loose Riprap TON 2,050 $25 $51,250
$240,250
ENVIRONMENTAL
Permitting LS 1 $0 $0
Mitigation LS 1 $0 $0
$0
Sum of total cost above =|  $3,784,820
Contingency (20%) = $756,964
Total*® =| $4,541,784

notes:

(1) Costs in 2007 dollars (Most costs are derived from WSDOT BDM, last updated March 2007)

(2) Cost does net include sales tax, engineering, or right-of-way acquisition

(3) Cost does not include environmental permitting or mitigation. To be provided by King County.




j L

L3 31 CJ L3




Appendix H - Hydraulic Report

I Feasibility Study Report Appendix H I




B B e el B B0 Hod ew ey e e e ey (0] e e B B




King County Department of Transportation
Road Services Division

Report
on

Bridge Hydraulics and Scour Assessment

For

White River Pedestrian Bridge Feasibility Study

Prepared for:
King County
Department of Transportation
Road Services Division

WEST

CONSULTANTS INC.

December 2006

BRIDGE HYDRAULICS AND SCOUR ASSESSMENT
White River Pedestrian Bridge Feasibility Study



King County Department of Transportation
Road Services Division

Report
on

Bridge Hydraulics and Scour Assessment

For

White River Pedestrian Bridge Feasibility Study

Prepared for:

King County

Department of Transportation
Road Services Division

Prepared by:
WEST

‘v———-—-—-\' “m .A—-—v'

CONSULTANTS, IN c.

WEST Consultants, Inc.

12509 Bel-Red Road, Suite 100
Bellevue, WA 98005

(425) 646-8806

Under Professional Services Subagreement with:
KPFF Consulting Engineers

1601 Fifth Avenue, Suite 1600

Seattle, WA 98101

DECEMBER 2006

BRIDGE HYDRAULICS AND SCOUR ASSESSMENT
White River Pedestrian Bridge Feasibility Study



EXECUTIVE SUMMARY

A bridge hydraulics and scour assessment was conducted for the White River pedestrian bridge
feasibility study. A HEC-RAS (Version 3.1.3, U.S. Army Corps of Engineers, 2005) hydraulic
model was constructed, and the existing conditions and four bridge alternatives were evaluated.
A mean annual flow of 554 cfs was reported in the USGS Water Resources Data Annual Report
for Washington State, which requires a minimum design clearance of 6 feet above the 100-year

water surface elevation (King County, 1998) (see the table at the end of this summary).

Each of the proposed bridges, as simulated in the hydraulic model and discussed in the following
report, will cause “zero-rise” in the floodway (no measurable increase “equal to or greater than
0.01 foot” as defined in King County Code 21A.06.505) of the 100-year base flood (as shown in
the table at the end of this summary).

Scour calculations were performed for the bridge alternatives using the 100-year and 500-year
flows. Analyses show that both contraction and pier scour will occur for the 100-year and 500-
year flows. Based on the geomorphic analyses, approximately 2 feet of degradation in the
channel may be expected. Accordingly, 2 feet was subtracted from all scour calculations to
account for future degradation. However, this reduction in the calculated scour elevation will
have no effect on the recommended riprap pier protection thickness. A summary of scour depths

is provided in the scour table at the end of this summary.

Riprap was sized for the 100-year and 500-year flows. If riprap is used for abutment slope
protection, a Dsg size of 1.8 feet will be adequate for protection during a 500-year flood event for
bridge alternatives 1 and 2 and a Ds size of 4.4 feet would be adequate for abutment protection
of bridge alternatives 3 and 4. If riprap is used for pier protection, a Dso of 1.1 feet will be
adequate for protection during a 500-year flood event for alternatives 1 and 2 and a minimum
Dsg size of 3.3 feet would be adequate for protection of alternatives 3 and 4. For piers 1 (south
pier) and 3 (north pier) for alternatives 1 and 2, riprap should be placed below the channel bed to
a thickness of 3 times the D5y to a lateral distance of 21 feet from the piers in all directions. An
appropriate filter blanket should underlay the riprap and extend laterally 14 ft from the pier in all
directions. For pier 2 (central pier) riprap should be placed below the channel bed to a thickness

BRIDGE HYDRAULICS AND SCOUR ASSESSMENT
White River Pedestrian Bridge Feasibility Study



of 3 times the Dsy to a lateral distance of 23 feet from the piers in all directions with the filter
extending 15 ft laterally. For alternatives 3 and 4, riprap for both piers should extend 31 feet
laterally with the filter extending 21 feet laterally from the pier. If placement of the riprap must

occur under water, the thickness of riprap and filter should be increased by 50%.

Based on the current location of the floodplain, historical channel migration and the proposed
locations of the bridge abutments, we recommend that should the alignment for alternatives 1 or
2 be used, that the southern abutment be protected by riprap using the above outlined method
and that the river channel location should be monitored after high flow events for evidence of
migration toward the northern abutment. Additionally, we recommend that pier 1 be protected
with riprap as part of the abutment protection for that location and that piers 2 and 3 should be
protected by riprap based on the pier riprap protection guidelines mentioned in the RIPRAP
CALCULATIONS section.

If the alignment for alternatives 3 or 4 is chosen as the preferred alternative the river channel
location should be monitored after high flow events for evidence of migration toward either the
northern or southern abutments however neither should require riprap protection at this time. It
is also recommended that pier 1 (southern pier) be protected by riprap based on the methodology
outlined above. Pier 2 (northern pier) currently is well protected by large riprap and also
receives some protection from pier 3 of the old 410 alignment which is located just upstream,
however we recommend that this pier be carefully monitored for any future degradation of the
riprap protection and that the protection be reevaluated after any significant flooding event due

to it’s close proximity to the main channel.

Several inconsistencies were noted during the compilation of survey and terrain data. Model
results stated in this report are based on the assumptions regarding these inconsistencies that are
discussed in the HYDRAULICS section. In order to eliminate any uncertainties regarding the
topographic data it may necessary to conduct a resurvey of the river in the vicinity of the bridge
site for the purpose of collecting cross section data for hydraulic modeling rather than for a

relative long term aggradation/degradation study as was conducted by R2.
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If any of the proposed alignments which cross Boise Creek are chosen as the preferred
alternative additional hydraulic and hydrologic analysis must be undertaken to satisfy King

County requirements.

Summary Data Table for 100-year Base Flood

Alternative Alternative

1/2 3/4
Approach section headwater elevation
with existing conditions’ (ft) 638.76 31,27
Approach section headwater elevation
with proposed bridge' (ft) 638.76 08727
Rise in the 100-year water surface 0.00 0.00
elevation with proposed bridge (ft) : :
Headwater glevatlon at upstream face of 63775 634.80
proposed bridge (ft)
Bridge low point (ft) 649.00 645.00
100-year clearance” (ft) 11.25 10.20

" Approach section is approximately one bridge length upstream from upstream face of bridge.
? Difference between 100-year flow and bridge low point
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Summary Data Table for Scour Calculations

Bridge Alternative 1/2 3/4
Thawleg elevation 622.4 623.3
Contraction scour depth (ft) 1.0 4.3
Pier scour depth for pier 1 (north pier) (ft) 10.8 15.1
Pier scour depth for 2 (central pier) (ft) 11.2 n/a
Pier scour depth for 3 (south pier) (ft) 10.8 15.1
Calculated scour elevation for pier 1 (north pier) (ft)" 608.6 601.9
Calculated scour elevation for pier 2 (central pier) (ft)! 608.2 n/a
Calculated scour elevation for pier 3 (south pier) (ft)’ 608.6 601.9

. Equal to the minimum channel elevation minus the contraction scour depth minus the pier scour depth minus
future channel degradation of 2 feet.
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INTRODUCTION

A hydraulic and scour assessment was conducted to support the White River pedestrian bridge
feasibility study being conducted for King County by KPFF Consulting Engineers for a new
pedestrian bridge crossing of the White River near Buckley, WA . A map of the project location
is shown in Figure 1. The location of the proposed bridge alignments is approximately 1000 ft
upstream of the SR 410 bridge over the White River (Figure 2). Two of the four bridge
alternatives make use of the 3 existing piers from the abandoned SR 410 bridge alignment and
the remaining 2 alternatives make use of the 2 existing piers from the abandoned railroad
alignment. Though each of the 4 alternatives will include the construction of new piers, they all
lay outside of the White River floodplain. All elevations in this report are based on NAVD 88

unless otherwise stated.
DRAINAGE BASIN INFORMATION

The White River originates on the slopes of Mount Rainier and flows approximately 57 miles to
its confluence with the Puyallup River at Sumner, WA. The White River has a drainage area of
approximately 411 square miles upstream of the bridge site as determined from the United States

Geological Survey (USGS) stream gage 12099100.

The watershed varies in elevation from approximately 624 ft at the proposed bridge site to a high
point of 14,410 ft (MSL) on the summit of Mount Rainier. Mean annual precipitation over the
watershed is approximately 80 inches (USGS, 1998). Western Washington, influenced by the
Pacific Ocean, has a predominantly marine climate, characterized by cool, dry summers and

mild, wet winters.
REGULATORY STANDARDS

A regulatory Federal Emergency Management Agency (FEMA) floodplain has been determined
at the bridge location on the Pierce County side of the River (FEMA, 1980) and an approximate
floodplain delineated on the King County side (FEMA, 1995). The White River is not listed as a
navigable waterway by the U.S. Army Corps of Engineers; therefore, navigational clearance is
not an issue for the bridge alternatives (U.S. Army Corps of Engineers, 2006). The King County
Surface Water Design Manual (KCSWDM), Section 4.3.3.1 (King County, 1998), specifies
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bridge clearance requirements based on the mean annual flow (see the Hydrology section of this
report) (Table 1). King County Sensitive Areas Ordinance, King County Code Title 21A,
Chapter 21A.24.250 and 21A.06.505 (King County, 2002b) requires no measurable increase,
which is defined as “equal to or greater than 0.01 foot”, i.e. a “zero-rise”, in the 100-year base
flood elevation. Washington State Department of Transportation design policy requires that
design flow passage and foundation scour should be calculated for the 100-year flow and also
the 500-year flow to check for high flow damage (Washington Department of Transportation,
2005).

Table 1. King County Bridge Clearance Requirements

Mean Annual Flow (cfs) Minimum Design Clearance (feet)

240 6
20-40 3
25<20 2
<5 no minimum
SITE INVESTIGATION

A site investigation of the bridge was conducted on November 13, 2006. The following general

conditions were observed during the field visit and are provided for informative purposes.

1) Lateral Channel Stability

Some fallen trees were observed in the vicinity of the bridge site. Although no
signs of migration through the bridge site were observed, the main channel could
potentially migrate to either approach. Moderate bank erosion was noticed on

both the left and right banks (see Appendix 2, “Photographic Log”).

2) Aggradation/Degradation

No significant data were available to substantiate aggradation or degradation at
the bridge or immediately upstream of the bridge. A detailed geomorphic

analysis of the White River completed in 2004 notes that the river channel is

10



thought to have aggraded approximately 5 feet after the addition of a scour
protection structure at the bridge site in the 1920s (Collins, 2004). A 2005 report
compiled for Tacoma Public Utilities (R2, 2005) notes that the channel has
degraded by approximately 3 feet since the removal of the structure in 2003.

3) Manning's n

Manning's ‘n’ for the channel was estimated at 0.04 to 0.045 for high flow
conditions. The » value was estimated at 0.09 — 0.11 for the overbanks, which
were heavily covered with brush and trees. These values were selected based on
guidelines stated in the HEC-RAS Hydraulic Reference Manual (U.S. Army
Corps of Engineers, 2001) and USGS Guidelines (USGS 1967). Appendix 2,

“Photographic Log”, contains photographs showing existing conditions.

4) Riprap

The soil banks at the bridge site do not appear to have any riprap protection (see
Appendix 2, “Photographic Log”). However, the existing abandoned north pier
(pier 2) from the old railroad alignment is well protected by riprap with an
approximate Dsg of 2-3 feet that would likely provide some degree of protection if

the channel were to migrate.

5) Bed Material

The bed material of the channel is gravel and cobbles.

6) Evidence of Scour

Some scour was noticed around pier 2 (central pier) of the abandoned SR 410
alingment. Some bank erosion is present on both the right and left banks near the

bridge site (see Appendix 2, “Photographic Log”).

7) Pier/Bridge Alignment

The elongated concrete piers for the abandoned SR 410 Bridge alignment are
skewed to flow by approximately 27 degrees and the elongated concrete piers
from the abandoned railroad alignment are skewed to flow by approximately 30

degrees.
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8) Hydraulic Controls

The existing SR 410 Bridge is located downstream of the proposed bridge site and
acts, at high flows, as a hydraulic control just downstream of the proposed bridge

site with flow being constricted between the bridge abutments.

9) High Water Marks

Some stakes dated 11/10/06 were noted during a field visited on the right bank
between the existing SR 410 Bridge and the proposed bridge site during a period
of significant flooding. They appeared to denote high water from a flooding

event in November 2006.

10) Debris

Some down trees up to 2 feet in diameter were noted adjacent to the banks. (see

Appendix 2, “Photographic Log”).

11) Dunes
No dune bedforms were observed.

A topographic survey of the channel near the bridge site was performed by R2 Resource
Consultants in April, 2005 as part of a long term investigation of stream aggradation and
degradation for Tacoma Public Utilities. A Digital Terrain Model (DTM) was created from
LiDAR data collected by the Puget Sound LiDAR Consortium.

GEOMORPHOLOGY

Two geomorphic studies were reviewed to evaluate the potential of the White River to migrate at
the proposed pedestrian crossing locations. The first study that was reviewed, White River Long-
Term Monitoring 2005 Data Report (R2, 2005), discusses the effects of removal of the scour
control structure that was located immediately downstream of the proposed pedestrian crossing.
According to the report, the scour control structure was built in the early 1920s, after which the
river aggraded 4 — 5 feet upstream of the scour control structure. The scour control structure was
removed in September 2003. In response to the removal of the scour control structure, the White
River bed elevation degraded by 3 — 4 feet. It is likely that the bed level of the White River
upstream of the scour control structure location will continue to degrade to pre-construction
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(1920s) levels. Therefore, another 1 — 2 feet of degradation could be expected through the

proposed pedestrian crossing.

The second study reviewed was Historical Channel Locations of the White River, RM5 — RM28,
King County, Washington (Collins, 2004). The study divided the White River into 7 segments,
with the proposed pedestrian crossing being located in Segment 5. Migration rates of the White
River for Segment 5 were calculated to be 3.1 meters (10 feet) per year based on information
dating from 1931 to 2000. Additionally, historical channel locations were plotted on the USGS
quad map of the area (Figure 5). As seen in Figure 5, the White River in the vicinity of the
proposed pedestrian crossing has remained in a relatively consistent location during the years
from which data was gathered (1931 to 2000). However, inspection of historic bridge plans for
the old SR 410 alignment shows that the channel has migrated from its location between piers 1

and 2 to its current location between piers 2 and 3.

The SR 410 crossing that is located approximately 1,000 downstream of the proposed pedestrian
crossing effectively fixes the White River channel location and limits the potential for channel
migration for some distance upstream. Additionally, the erosion noted during the site
investigation was relatively minor (see Appendix 2, “Photographic Log”). These three
observations, a relatively consistent historical channel location, minor observed erosion, and the
fixed channel location at the SR 410 crossing, lead us to the conclusion that the potential for

lateral migration of the White River at the proposed pedestrian crossing is low.
HYDROLOGY

Hydrology at the project site was determined in conjunction with King County. A meeting was
held with Jeanne Stypula of King County Water and Land Resources Division to discuss
potential methodology for determining the hydrology for the project location. Due to concern
about the ability of Mud Mountain Dam to regulate flow at 12,000 cfs for the 100-year event, the

County requested that 3 discharge scenarios be modeled.

Flow is regulated by Mud Mountain Dam, located approximately 4 river miles upstream of the
bridge site. The regulated flood frequency curve for Mud Mountain Dam gives a 100-yr
discharge of 12,000 cfs and a 500-yr discharge of approximately 14,500 cfs (Figure 6). The
current Pierce County FEMA study for Buckley, WA uses a 100-yr discharge of approximately
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15,500 cfs at the bridge site.

Boise Creek currently joins the White River approximately 1000 feet upstream of the SR 410
Bridge, directly between the two proposed bridge alignment locations. King County is currently
working to realign Boise Creek for restoration purposes. The new location for the confluence of
Boise Creek and the White River is approximately 700 feet downstream of its current location.
For the purposes of this study, Boise Creek is assumed to be located in its future proposed
location and all additional flow from Boise Creek is assumed to join the White River at that

location approximately 250 ft upstream of the SR 410 Bridge.

The hydrology for Boise Creek in this scenario was estimated using a statistical analysis of gage
records. The procedures outlined by the U.S. Water Resources Council’s (USWRC) Bulletin
17B from 1982 were used to analyze the peak flows. Annual peak flows were obtained from the
U.S. Geological Survey’s (USGS) gage number 12099600 on Boise Creek at Buckley, WA for
water years 1978-2005. To perform a flood flow frequency analysis, the KCSWDM specifies
that the gage to be used in the analysis must have at least 10 years of data. The drainage basin at
the USGS gage is 15.4 square miles. The 100-year and 500-year flows for Boise Creek at the
bridge location are 1,540 cfs and 2,250 cfs respectively.

Scenario 1 uses the Mud Mountain Dam 100-year regulated discharge of 12,000 cfs at the
proposed bridge site with the addition of the 1,540 cfs from Boise Creek where it joins the White
River approximately 700 feet downstream of the bridge site. For the 500-year event the
regulated discharge of 14,500 cfs from Mud Mountain Dam is modeled at the bridge site with the
addition of 2,250 cfs from Boise Creek.

Scenario 2 uses a 100-year discharge of 17,600 cfs above Boise Creek and the flow of 18,760
cfs below. The 500-year event uses a discharge of 19,832 cfs through the bridge site and 20,700

cfs downstream of Boise Creek.

Scenario 3 consists of a discharge of 17,600 cfs above Boise Creek with the addition of the flow
from Boise Creek (1,540 cfs) where it joins the White River approximately 700 feet downstream
of the bridge site. The 500-year event uses a discharge of 19,832 cfs through the bridge site with
the addition of 2,250 cfs from Boise Creek. As this scenario represents the largest discharges of

the 3 scenarios, all model results, riprap sizing and scour calculations are based on the discharges
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from this scenario.

The KCSWDM dictates that the mean annual flow be calculated to determine minimum design
clearance. For gaged streams mean annual flow should be obtained from the USGS Water
Resources Data Annual Report for Washington State. The 2003 USGS Water Data Report lists a
mean annual flow of 554 cfs for the White River at Buckley (USGS, 2003). The minimum
design clearance for mean annual flows greater than 40 cfs is 6 feet (King County, 1998).
Determining any future long term aggradation of degradation of the channel is difficult as
historical records are affected by the addition in the 1920°s and subsequent removal in 2003 of a
scour control structure at the project location (R2, 2005). However, based on the geomorphic
analysis, the channel might be expected to degrade approximately 2 feet bringing it back to its

pre-scour structure level.
HYDRAULICS

The U. S. Army Corps of Engineers River Analysis System standard-step backwater computer
program (HEC-RAS Version 3.1.3) was used to compute channel hydraulics (U.S. Army Corps
of Engineers, 2005). The cross-sections were selected to adequately model flow contraction and
expansion through the bridge. The widths of the cross-sections were sufficient to contain flow
within the floodplain. The number of upstream cross-sections was selected to adequately
determine the extent of any backwater effects upstream of the bridge. Manning’s ‘n’ values of
0.045 in the channel and 0.10 in the overbanks were selected based on the field investigation
(Appendix 2, “Photographic Log,”), the HEC-RAS Hydraulic Reference Manual (US Army
Corps of Engineers, 2001), and USGS guidelines (USGS, 1967). The channel ‘n’ values are also
consistent with values of 0.042-0.047 used in the current FEMA FIS, however the overbank
value of 0.1 is higher than the values of 0.05-0.07 used by FEMA (FEMA, 1979). Based on field

inspection we feel that an ‘n’ value of 0.1 is more appropriate in the overbank areas.

Cross sections used in the hydraulic model have been compiled from several sources including
LiDAR, Tacoma Public Utilities (TPU) channel survey data, and an existing Army Corps of
Engineers (Corps) model. All but one of the cross sections are based on the TPU survey for the
channel and LiDAR data for the over bank regions. The TPU cross section data provided by
King County did not list the vertical datum of the data set, and when overlaying the TPU data

onto the LiDAR data it was noted that the R2 data was consistently several feet higher than the
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LiDAR data. Adam Weybright of R2 Resource Consultants was contacted and was able to
confirm that the survey data was relative to NGVD 1929 datum. Vertcon was used to determine
the vertical datum shift needed to convert the TPU data to match the LiDAR data which is
NAVDS8. The shift from NGVD to NAVD is +3.51 ft, however this shift would cause the
survey data to be even higher than before, resulting in an even larger discrepancy between the
data sets. After reviewing all cross sections, it was determined that applying the opposite shift (-
3.51) resulted in a “decent” match between data sets for the bulk of the cross sections. This
assumption was made for all cross sections used in the model except for two located immediately
downstream of the SR 410 Bridge crossing. In these locations, the TPU cross-sections have very
poor agreement with the LiDAR data in terms of channel width. In addition, after applying the
negative shift to one of sections the survey data is still higher than the over bank and water
surface data represented in the LiDAR data. Given the poor agreement, neither of these two

sections were used in the model.

In order to replace the cross sections downstream of the SR 410 Bridge, a section from the
existing Corps’ model was substituted. At this section, it was noted that the Corps data were
much higher than the LiDAR data. A vertical shift of approximately -10 feet was applied in
order to align the two data sets. Unfortunately, it was all but impossible to estimate the
necessary vertical shift from this section because of significant differences in the channel and
over bank geometry. (Jeanne Stypula of King County informed us that significant regrading was
undertaken by TPU and that this may account for some of the differences at this location
(Personal Communication, Jeanne Stypula, King County to Ken Puhn, December 12, 2006). The
vertical shift was estimated from a location further upstream where a Corps’ cross section is
located immediately adjacent to a TPU section. The adjustment was made based on aligning the
right bank and channel thalweg as the left bank showed significant discrepancies between the
two data sets.

Preliminary model results show fairly close agreement with water surface elevations from the
detailed FEMA study on the Pierce County side of the White River (FEMA, 1979). The
exception to this is the area in the vicinity of the existing SR 410 Bridge where the WEST results
are approximately 5 ft higher than the FEMA study. Comparison with FEMA profiles suggest
that the channel may have aggraded approximately 2 feet since the study, which may account for

some of the difference at the bridge site. Additionally, the removal of the scour control structure
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at the bridge site may have contributed to some of the differences in water surface elevations.
Model results stated in this report are based on the assumptions discussed above. In order to
eliminate any uncertainties regarding the topographic data, it may necessary to conduct a
resurvey of the river in the vicinity of the bridge site for the purpose of collecting cross section
data for hydraulic modeling rather than for a relative long term aggradation/degradation study as

was conducted by R2.

HEC-RAS hydraulic models (Appendix 3) were developed for the existing conditions, which
includes the abandoned SR 410 and railroad piers in place and for four bridge alternatives.
Descriptions of all alternatives are in Appendix 4. As shown in Figure 7, the additional trestle
piers for the 4 bridge alternative do not encroach into the 100-year or 500-year flows for the
White River. For this reason, only approximate deck geometry for the portion of the bridges

over the channel were included in the hydraulic model.

The hydraulic modeling results for existing conditions were compared to the results of the four
alternative designs to determine backwater effects. Preliminary designs, including bridge low
points for alternatives 1, 2, 3 and 4 were provided by KPFF. A hydraulic data table is provided
in Table 2 which shows there is a “zero-rise” in the floodway (no measurable increase “equal to
or greater than 0.01 foot” as defined in King County Code 21A.06.505) of the 100-year base

flood flow in all four alternatives.
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Table 2. Hydraulic Data Table

Alternatives 1 and 2 Alternatives 3 and 4
Maximum Maximum
Base Base
Probable Probable
Flood Flood
100-year Flood 100-year Flod
y 500-year y 500-year

Discharge (ft*/s) at Harris Creek
Bridge 17600 19832 17600 19832
Approach Section Headwater.
Elevation with Existing 638.76 639.69 637.27 638.23
Conditions' (ft)
Approach Section Headwater.
Elevation with Bridge () 638.76 639.69 637.27 638.23
Backwater” () 0.00 0.00 0.00 0.00
Headwater Elevation at
Upsream Facesf Biitge ¢ 637.75 638.65 634.80 635.35
Bridge low point (ft) 649.00 649.00 645.00 645.00
100-year clearance® (ft) 11.25 10.35 10.20 9.65
Maximum of Average Velocity
at Upstream and Downstream 9.61 9.76 16.13 16.61
Bridge Face (ft/s)

! Approach section is approximately one bridge length upstream from upstream face of bridge.
2 Difference in water surface elevation at the approach section between existing conditions and
proposed conditions with bridge alternatives in place

> Difference between 100-year flow and bridge low point.

Water surface elevations at the upstream bridge faces for the existing and proposed conditions
are shown in Figure 8 and Figure 9. The water surface profiles for the 100- and 500-year floods
for the existing conditions and proposed conditions are shown in Figure 10. Cross-section plots

are shown in Figure 11.
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SCOUR CALCULATIONS

Alternatives 1 and 2 both use the 3 existing piers from the abandoned SR 410 alignment. The
piers are skewed 27 degrees relative to flow. Alternatives 3 and 4 both use the 3 existing piers

from the abandoned railroad alignment. The piers are skewed 30 degrees relative to flow.

A bed material D5y of 2.0 inches was used in the calculations. Laursen’s clear-water scour
equation (Federal Highway Administration, 1995) was used to compute contraction scour, and
the CSU Equation was used to estimate the pier scour for each bridge alternative. For pier scour
calculations, it was assumed that the channel thalweg could migrate across the channel. Scour
depths were calculated for both the 100-year and 500-year floods, and the greater of the two
depths was used to specify scour elevations for the bridge foundations. Based on the
geomorphic analyses, approximately 2 feet of degradation in the channel may be expected.
Accordingly, 2 feet was subtracted from all scour calculations to account for future degradation.
However, this reduction in the calculated scour elevation will have no effect on the
recommended riprap pier protection thickness. A summary of the scour depths and elevations

for each bridge alternative is shown in Table 3.

Table 3. Summary of Scour Depths and Elevations

Bridge Alternative 1 and 2 3 and 4
Thawleg elevation 622.4 623.3
Contraction scour depth (ft) 1.0 4.3
Pier scour depth for north pier (ft) 10.8 15.1
Pier scour depth for central pier (ft) 11.2 n/a
Pier scour depth for south pier (ft) 10.8 151
Calculated scour elevation for the north pier (ft)" 608.6 601.9
Calculated scour elevation for the central pier (ft)' 608.2 n/a
Calculated scour elevation for the south pier (ft)' 608.6 601.9

! Equal to the minimum channel elevation minus the contraction scour depth minus the pier scour depth minus
future channel degradation of 2 feet.
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RIPRAP CALCULATIONS

An evaluation using HEC-23 (Federal Highway Administration, 2001) criteria was conducted for
the proposed bridges. The largest local average channel velocity was used in the computations.
The abutment riprap Dso resulting from the application of the HEC-23 methods for alternatives 1
and 2 is 1.8 feet for the 500-year flood and 4.4 ft for alternatives 3 and 4. If riprap is used for
abutment slope protection, a Dsy size of 2.3 feet for alternatives 1 and 2 and 4.2 feet for

alternatives 3 and 4 will be adequate for protection during a 500-year flood.

Inspection of the original design drawings along with recent survey and field data shows that the
calculated pier scour elevations fall below the pier foundation elevations for the existing
abandoned piers from the original SR 410 and railroad alignments. During the field inspection,
it was noted that the central pier of the old SR 410 alignment is exposed to flow, skewed at an
angle of 27 degrees and exhibited some evidence of scour. Riprap was sized for the piers using
guidelines outlined in the National Cooperative Highway Research Program Report 568
(NCHRP, 2006). Based on these guidelines, pier protection riprap for alternatives 1 and should
be 2 a minimum Ds size of 1.1 feet, and a Dsy of 3.3 feet for alternatives 3 and 4. Design for
riprap placement are based on guidelines in a peer-reviewed but as-yet unpublished document,
NCHRP Report 24-07(2), being developed by Ayres Associates. If protection is used for
alternatives 1 and 2, riprap should be placed below the channel bed at piers 1 (south pier) and 3
(north pier) to a thickness of 3 times the D5y and to a lateral distance of 21 feet from the piers in
all directions. An appropriate filter blanket should underlay the riprap and extend laterally 14
feet from the pier in all directions. Riprap should be placed at pier 2 (central pier) below the
channel bed to a thickness of 3 times the D5y to a lateral distance of 23 feet from the piers in all
directions with the filter extending laterally 15 feet from the pier. If protection is used for
alternatives 3 and 4, riprap for both piers should extend 31 feet laterally with the filter extending
laterally 21 feet from the pier. If placement of the riprap must occur under water, the thickness
of riprap and filter should be increased by 50%. Table 4 provides a summary of the

recommended pier riprap sizing.
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Table 4. Summary of Pier Riprap Sizing

. . Lateral Extent of Riprap Lateral Extent of Filter from
P Dso (ft
Alternative 1er so (ft) from Pier (ft) Pier (ft)
! i1 21 14
(South) ’
2
1 and 2 (Central 1.1 23 15
)
: 1.1 21 14
(North) '
! 3.3 31 21
(South) '
3and 4
2 33 31 21
(North) '

CONCLUSIONS AND RECOMMENDATIONS

A hydraulic and scour evaluation was conducted for four alternative configurations of the
proposed White River Pedestrian Bridge in King County. All bridge alternatives use existing
abandoned piers and have new trestles set outside the 100-year and 500-year floodplains of the
White River. Each of the proposed bridges, as simulated in the hydraulic model, will cause
“zero-rise” in the floodway (no measurable increase “equal to or greater than 0.01 foot” as

defined in King County Code 21A.06.505) of the base flood for the 100-year flow.

Scour calculations were performed for the proposed bridges for the 100-year and 500-year flows.
Both contraction and pier scour occur at the proposed bridge locations. Based on the
geomorphic analyses, approximately 2 feet of degradation in the channel may be expected.
Accordingly, 2 feet was subtracted from all scour calculations to account for future degradation.
However, this reduction in the calculated scour elevation will have no effect on the
recommended riprap pier protection thickness. A summary of scour calculation results is shown

in Table 3 in the SCOUR CALCULATIONS Section.
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Riprap for abutment protection was sized using HEC-23 criteria and resulted in a D5 of 1.8 feet
for alternatives 1 and 2, and 4.4 feet for alternatives 3 and 4. Because pier scour calculations
resulted in scour depths that are below the existing pier foundations, pier riprap protection was
also calculated. Pier riprap sizing was calculated using guidelines outlined in the National
Cooperative Highway Research Program Report 568 (NCHRP, 2006). Based on these
guidelines, pier protection riprap for alternatives 1 and should be 2 a minimum Ds, size of 1.1
feet and a Dsp of 3.3 feet for alternatives 3 and 4. Design for riprap placement are based on
guidelines in a peer-reviewed but as-yet unpublished document, NCHRP Report 24-07(2), being
developed by Ayres Associates. Riprap should be placed flush with the channel bed to a depth
of 3 times the recommended Dsj and should be underlain by an appropriate filter. If placement
of the riprap must occur under water, the thickness of riprap and filter should be increased by
50%. The lateral extent of the riprap and filter material is summarized in Table 4 in the RIPRAP
CALCULATIONS Section.

Based on the current location of the floodplain, historical channel migration and the proposed
locations of the bridge abutments, if the alignment for alternatives 1 or 2 be used, we recommend
that the south abutment be protected by riprap using the above outlined method and that the river
channel location should be monitored after high flow events for evidence of migration toward
the north abutment. Additionally, we recommend that pier 1 be protected with riprap as part of
the abutment protection for that location and that piers 2 and 3 should be protected by riprap
based on the pier protection guidelines mentioned in the RIPRAP CALCULATIONS section.

If the alignment for alternatives 3 and 4 is chosen, the river channel location should be
monitored after high flow events for evidence of migration toward either the north or south
abutments. However, we do not recommend abutment riprap protection at this time. It is also
recommended that pier 1 (south pier) be protected by riprap based on the pier protection
methodology outlined above. Pier 2 (north pier) is currently well protected by large riprap and
also receives some protection from pier 3 of the old SR 410 alignment which is located just
upstream. However, we recommend that this pier be carefully monitored for any future
degradation of the riprap protection and that the protection be reevaluated after any significant

flooding event due to its close proximity to the main channel.
Several inconsistencies were noted during the compilation of survey and terrain data. Model
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results stated in this report are based on the assumptions regarding these inconsistencies that are
discussed in the HYDRAULICS section. In order to reduce any uncertainties regarding the
topographic data, it may be necessary to either resurvey the river in the vicinity of the bridge site
or to confirm the locations and vertical datum for the existing cross sections, so that these cross
sections could be used in any future hydraulic modeling studies rather than just for the long term

aggradation/degradation study conducted by R2.

If any of the proposed alignments which cross Boise Creek are chosen as the preferred
alternative additional hydraulic and hydrologic analysis must be undertaken to satisfy King

County requirements.
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Figure 1. Project Location Map
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Figure 2. Project Site
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Figure 3. FEMA Firmette Showing Effective Floodplain for King County
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Figure 5. Historic Channel Locations
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Figure 6. Regulated Flood Frequency Curve for Mud Mountain Dam
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Figure 7. Location of Additional Trestles for Bridge Alternatives




Figure 8. Water Surface Elevations at Upstream Face of Alternatives 1 and 2 for Existing
and Proposed Conditions
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Figure 9. Water Surface Elevations at Upstream Face of Alternatives 3 and 4 for Existing
and Proposed Conditions
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Figure 10. 100-Year and 500-Year Flow Water Surface Profile for Existing and Proposed
Conditions
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Figure 11. Cross-Section Plots
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Figure 11. (Continued) Cross-Section Plots
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Figure 11. (Continued) Cross-Section Plots
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Figure 11. (Continued) Cross-Section Plots
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APPENDIX 2: PHOTOGRAPHIC LOG



Fallen trees in right overbank just downstream of proposed bridge sites during Nov. 2006

flooding event

Fallen trees and bank erosion in right overbank during Nov. 2006 flooding event



Bank erosion in left overbank during Nov 2006 flooding event
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Heavy underbrush along right overbank (looking north from river)
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Looking upstream from left overbank during Nov 2006 flooding



Pier 2 of abandoned SR 410 alignment during Nov 2006 flooding
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Riprap protection around pier 2 of abandoned railroad alignment



APPENDIX 3: HEC-RAS INPUTS/OUTPUTS



RAS report.txt

HEC-RAS Version 3.1.3 May 2005
U.S. Army Corp of Engineers
Hydrologic Engineering Center
609 Second Street
Davis, California

X X XXXXXX XXXX XXXX XX XXXX
X X X X X X X X X X

X X X X X X X X X
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX
X X X X X X X X X
X X X X X X X X X X
X X XXXXXX XXXX X X X X XXXXX

PROJECT DATA

Project Title: White River Ped Bridge
Project File : White_River.prj

Run Date and Time: 12/28/2006 1:58:49 PM

Project in English units

Project Description:
WA State Plane NAD83 NAVD88

PLAN DATA

Plan Title: Existing/Proposed Conditions
Plan File : p:\King County\KPFF On-call\white River pedestrian
bridge\RAS\WEST\final\King_Co\white_River.p0l

Geometry Title: Existing/Proposed Conditions )
Geometry File : p:\King County\KPFF On-call\White River pedestrian
bridge\RAS\WEST\final\King_Co\white_River.g02

Flow Title : USGS STope
Flow File : p:\King County\KPFF On-call\white River pedestrian
bridge\RAS\WEST\final\King_Co\White_River.f03

Plan Summary Information:

Number of: Cross Sections = 52 Multiple Openings = 0
Culverts = 0 Inline Structures = 0
Bridges = 4 Lateral Structures = 0

Computational Information

water surface calculation tolerance = 0.01
Critical depth calculation tolerance = 0.01
Maximum number of iterations = 20
Maximum difference tolerance <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>