DRAFT Project Report
Swain Slough Bridge on Pine Hill Road

Federal Project No. BRLO-5904 (112)
Existing Bridge No. 04C0173
New Bridge No. 04C0260

Prepared For:
County of Humboldt
Department of Public Works

Prepared By:

October 2019

developing YOUR vision | delivering YOUR project

WWW. quincyeng.com | 11017 Cobblerock Drive Suite 100 Rancho Cordova, CA 95670 | P: 916.368.9181 | F: 916.368.1308




Prepared by:

Jason P. Jurrens, P.E.

Project Engineer

Quincy Engineering, Inc.

Submitted by

Approved by

(916) 368-9181

James Foster, P.E. Date Telephone
Project Manager

Quincy Engineering, Inc.

Tony Seghetti, P.E. Date Telephone

County of Humboldt
Department of Public Works



TABLE OF CONTENTS

VICINITY IMIAP ....uutiiinniicnnneiinrissnecsaecessnessssecsssncessanessssesssssssssnsssssesssssssssassssassssssssssassssasssssassssassssasssssasss 1
EXECUTIVE SUMIMARY ....cuutiinuiiiirninnsersssnesssensssstssssessssssssssssssssssssstsssssssssssssssssssssssssssssssssssssssssssssssnssssasss 2
INTRODUCGTION .....cutiitiiiuirineinssntnssetsssstsssssssssstsssstssssssssssssssssssssstssssssssssssssssssssssssssssssssssssassssssssssasssansss 4
EXISTING FACILITY couciiueiiiueiineinssnencsenssneisssesssssessssessssssssssessssssssssesssssssssssssssssssssssssssssssssssssssesssssssssssssess 5
DESIGN CRITERIA.....ccoueiiuriineiinueicseeisneisssetsssanissseessssnssssnssssassssssssssassssanssssssssssssssssssssassssssssssassssanssnsase 5
ROADWAY ALTERNATIVES......ccoovtiireeinuriisecissarissurecssensssancssssnssssnsssssssssanssssssssssssssssssssassssasssssassssanssnsas 6
STRUCTURE ALTERNATIVES ....cuuutiiruiiirriinsnrcnsnecssunissnecssancsssnessssecsssasessancssssesssasssssassssassssssssssassssssssssasses 7
DESIGN EXCEPTIONS .....uuiiiuiiiiniiineicsntiisseissstsssstssssesssstssssssessstssssssssssssssssssssssssssssssasssssnssssssssssnssssnsss 8
DRAINAGE ......uutiiiniiineinssutieseissstsssstessstsssssssssstsssstsssssssssssssssssessstssssssssssssssssssssssssssssssssssssasssssssssssssssnsss 8
TRAFFIC CONTROL/DETOUR .....ccuevurererensussessssnssssssssssssssssssssssnsssssssssssssosssssssssssosssssssssssssssssssssssssnsssssssss 9
CONSTRUCTION METHODS AND CONTRACTOR ACCESS .......ccccceirueicserissurccseesssancsssnesssanssssessssanssssases 9
RIGHT-OF-WAY .....cuutiirurirruriisurissancsseesssuessssessssansssssssssassssanssssassssssssssassssassssssssssassssasssssassssssssssassssasssnes 10
UTILITIES ....ouutiiiiiiiieiinneinneensnecnneessneesssecsssncessancssssesssasssssasssssssssssssssassssanessssssssasssssassssassssssssssassssasessns 10
ENVIRONMENTAL/PERIVITS ....coocvierererrereeeenecnesnssssssssssssssessssssssssssssssassssssssssssonsssssssssssssssosssssssssnssassnss 10
GEOTECHNICAL/FOUNDATIONS........ccceererurnurcressssassassessasnssnssssssesassassssssssassssnssssssssssssossosssssssssssssssnssasses 12
] =1 12
FALSEWORK......uutiiuiiirerinnniiseeisanicsseesssueisssessssanssssessssansssansssssssssssssssassssansssssssssassssasssssassssssssssassssasssnes 12
DECK PROTECTION ......uutivueiiserisnricseecssueisssncsssanssssncsssansssanssssassssssssssassssansssssssssassssassssssssssasssssassssanssnns 13
HYDRAULICS ....ouuoiiiiiinniinnrinsnnecnneecssneesssecsssacessancssssesssssssssncsssassssssssssassssansssssssssassssssssssassssssssssassssasessns 13
CHANNEL SCOUR/SLOPE PROTECTION .....ccceeveruereereeeesecnesnsssssnesassassasssssassssnssnssnssssssossssssssssssssnssnssasses 14
CONSTRUCTION COSTS ...ccoouiriruercnsnercserssssnsssaesssssssssssssssssssssssssssssssssssasssssssssssssssssssssasssssssssssssssssssssasss 14
CONCLUSIONS .....ooeireeiittiisneicsensseticssessssesssssessssessssessssssssssssssssessssesssssssssssssssssssssssssssssssssssssesssssssssnsss 15
ATTACHIMENTS .....outiiueiiiueicseeissuticsenisssncsssanssssnssssassssanssssassssssssssassssansssssssssasssssassssanssssassssssssssassssasssnas 15
APPENDIX ...eeiirueeiirureissenissuricssencssunessaesssancsssesssssnssssassssanssssassssssssssassssassssssssssasssssassssanssssasssssssssanssssanssnes 16

APPENDIX A - PRELIMINARY ENVIRONMENTAL STUDY ...vviiiiiiiiiiiiiiiiiciiiie ittt st 16

APPENDIX B - TYPE SELECTION IMEMO ...c.etuienientiientteneeiteitetetesestesseseeest et et se st esnesaeene st e esesaennesaeenesaeeneemeennenne 17

APPENDIX C - NEPA DETERMINATION ..coviuveuitinrenetireseeseseneeseseseesesseseesesesessesseseesesesesessessesessesseseesesseneesesaennens 18

APPENDIX D - CEQA DETERMINATION.....euveuitinreuttirentnteseneeseseseesesseseeseseee e e e e seseesesnesaesessesaesesnesaesesseseennens 19

APPENDIX E - NATURAL ENVIRONMENT STUDY w.utuveviueierenerieseenseresestesesessesesessesesessesesessesesessesenessesesessesessssesenessens 20

APPENDIX F - ARCHAEOLOGICAL STUDY REPORT (ASR) ...uviiiiiiieeeeiiieceitte ettt ettt e ee vt e e eetaeeeetveeeeeavaeeeeasaeeeenraaaans 21

APPENDIX G - HISTORIC PROPERTY STUDY REPORT (HPSR) .. .uviiieiiiie ettt ettt eetae e e e e eenaeeeeenreeaen 22



Manning Creek Bridge at Mathews Road Draft Type Selection Report

(Bridge Replacement) July 2012
APPENDIX H - PREFERRED ALTERNATIVE ..eeeeieeuuvrreeeeeeieiisrrereeeeeesissssseesseesssssssseessesssssssssssssesssmssssssssesssessssssssessssnnns 23
APPENDIX | - PRELIMINARY PROJECT COST ESTIMATES .vuueeieieiiirieeeeeeeeetuiieeeeeeeeersstneeeessssssssnaeeesssssssnneeeesssssssnnneeeees 24
APPENDIX J - PRELIMINARY FOUNDATION REPORT .....ceieeiturrreeeeeeeeinrreeeeeeeeeeetnreeeeeeeeeessseeseeeesessnsseseesesessssssssseesennnns 25
APPENDIX K - HYDRAULICS INFORMATION ....uuuuvrrereeeeeeeiiurreeeeeeeeeensseeeeeeeeesesssssesesesessssnssssssessssssssssssssesessssssssseesennnns 26

APPENDIX L - BRIDGE INSPECTION RECORDS INFORMATION SYSTEM REPORT .....uvvvtieeeeereiieneeeeeeeneinreeeeeeesennneeeeeeesennns 27



VICINITY MAP

Pine Hill
Road

Elk River Road

Bridge Site

Photo 1 - Aerial View of Project Site (From Google Earth)

Page 1



EXECUTIVE SUMMARY

Humboldt County Department of Public Works is proposing to replace the Swain Slough Bridge
(Bridge No. 04C-0173) at Pine Hill Road. The existing bridge is located just south of Eureka on
Pine Hill Road (a local rural two-lane road) approximately 0.2 miles east of Elk River Road. Pine
Hill Road provides the access across Swain Slough for local residences to Elk River Road.

The purpose of this project is to improve public safety by providing a safe and permanent solution
for traffic to cross Swain Slough. This will be accomplished by replacing the existing structurally
deficient, three-span timber-stringer bridge with a new single-span concrete structure. The
existing bridge has been in service since 1955 and is currently classified as structurally deficient.
Due to poor sufficiency rating, the existing bridge qualifies for Federal funding.

Pine Hill Road is classified as a Local Road which qualifies for 100% reimbursement of the bridge
replacement cost from federal aid. Other costs of the rehabilitation project such as preliminary

engineering, right-of-way, and others are funded by the Federal Highway Bridge Program (HBP)

which will provide approximately 100% of the total project cost.

This project is currently scheduled to begin construction of the new bridge in spring of 2020.
Traffic will be detoured 1.6 miles during construction while the new bridge is constructed on
the existing roadway alignment. Full closure of Pine Hill Road at the location of the bridge is
anticipated for construction, which allows the use of the paved approach roadways to be used
as construction staging area. This allows minimal construction footprints reducing
environmental impacts to Swain Slough. Traffic will then be permanently shifted onto the new
structure once construction is completed.

The existing facility consists of a three-span simply supported timber-stringer structure, with
concrete deck and curbs. According to the latest Bridge Inspection Report (BIR), the bridge
length is approximately 63’ long with three equal length spans of approximately 21’ and the
bridge width is approximately 20’. The substructure consists of reinforced concrete abutments
and reinforced concrete bent cap on pile extensions. The BIR also notes the deteriorating
condition of the bridge; with 11 out of the 20 timber bridge railing posts as well as the top 1” of
the north exterior girder showing signs of rot and moderate to severe vertical cracking on
concrete piles extensions. The existing facility has been designated as structurally deficient with
a 2017 sufficiency rating of 42.6 and a superstructure rating of 4.

This project will improve public safety by replacing this structurally deficient bridge. It will also
improve traffic operations by widening the bridge to provide 10’ lanes and 5’ shoulders in each
direction and replace all traffic safety features to meet current standards. Rehabilitation and
widening of the existing bridge is cost prohibitive and not considered feasible.

Replacing the bridge on the existing alignment was chosen due to the lowest construction cost,
least environmental impacts, speed of construction, and least new right-of-way needs. With the
detour only being approximately 1.6 miles, the most practical and cost-effective roadway
alignment was to close Pine Hill Road for one construction season and replace the bridge on its
existing alignment.
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There were two bridge types considered for this project location:

e The Single-Span Precast Wide-Flange Concrete Girder bridge is recommended as it will not
require falsework to construct and will eliminate the need for any piers within the limits of
the Slough. This alternative will reduce construction time due to wide flange girders precast
off project location and available for erection immediately. Precast manufacturer has
confirmed the viability of shipping this length of girders to project site. In addition, this
alternative lends to a structure depth that will conform to the proposed roadway profile and
will not encroach on the channel hydraulic highwater surface elevation. Furthermore, this
alternative will decrease the environmental impacts on an environmentally sensitive area.
Based on constructability, functionality, economic considerations and local boundary
conditions, a single span precast- prestressed concrete girder is a viable structure alternative
for this project.

e ASingle-Span Cast in Place Post-Tensioned Box Girder bridge was also considered for this
project because it can provide the same minimum structure depth to adhere to the
hydraulic requirements without raising the proposed profile. Similar to the preferred
precast alternative, this option is also single span and would preclude the need for piers
within the slough. However, the cast in place construction would require falsework which
will most likely require driven piles during construction which will further disturb the
environmentally sensitive slough. A bridge General Plan for this option is included in
Appendix G for further reference.

Based on the information contained in this project report, the project development team
recommends replacing the bridge on existing alignment utilizing a Single-Span Precast
Prestressed Reinforced Concrete Wide Flange Girder bridge. This alternative meets the project
goals, reduces construction schedule duration, is cost competitive, and minimizes temporary
and permanent environmental and right-of-way impacts from the project.

The project costs for constructing the recommended structure type/alignment is summarized

as follows:
Project Construction Cost

Structure Construction $1,206,000
Bridge Removal $50,4000
Slope Protection $25,000

Channel Work $40,000

Detour $10,000

Approach Roadway $499,000

Mobilization $183,000
Total $2,013,000
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Project Costs

PE $500,000
CON $2,000,000
CE $300,000
CONT $500,000
RW $50,000

TOTAL $3,350,000

The project development schedule is summarized as follows:

Project Milestone Proposed Delivery Date

Environmental Document Approval July 2016
Plans, Specifications & Estimate January 2020
Project Permits Secured December 2019
Utility Coordination and Right-of-Way December 2019
Advertise Project March 2020
Award Contract May 2020
Project Construction June 2020 — October 2020

The project team recommends approval of the project report and continuing the project to
develop the final PS&E package leading to construction of a replacement bridge.

INTRODUCTION

Humboldt County Department of Public Works is proposing to replace the Swain Slough Bridge
(Bridge No. 04C-0173) at Pine Hill Road. The existing bridge is located just south of Eureka on
Pine Hill Road (a local rural two-lane road) approximately 0.2 miles east of Elk River Road. Pine
Hill Road provides the access across Swain Slough for local residences to Elk River Road.

The purpose of this project is to improve public safety by providing a safe and permanent solution
for traffic to cross Swain Slough. This will be accomplished by replacing the existing structurally
deficient, three-span timber-stringer bridge with a new single span concrete structure. The
existing bridge has been in service since 1955 and is currently classified as structurally deficient.
Due to poor sufficiency rating, the existing bridge qualifies for Federal funding.

Pine Hill Road is classified as a Local Road which qualifies for 100% reimbursement of the bridge
replacement cost from federal aid. Other cost of the rehabilitation project such as preliminary
engineering, right-of-way, and others are funded by the Federal Highway Bridge Program (HBP)
which will provide approximately 100% of the total project cost.

This project is currently scheduled to begin construction of the new bridge in spring of 2020.
Traffic will be detoured 1.6 miles during construction while the new bridge is constructed on

Page 4



the existing roadway alignment. Full closure of Pine Hill Road at the location of the bridge is
anticipated for construction, which allows the use of the paved approach roadways to be used
as construction staging area. This allows minimal construction footprints reducing
environmental impacts to Swain Slough. Traffic will then be permanently shifted onto the new
structure once construction is completed.

EXISTING FACILITY

The existing facility consists of a three-span simply-supported timber-stringer structure, with
concrete deck and curbs. According to the latest Bridge Inspection Report (BIR), the bridge
length is approximately 63’ long with three equal length
spans of approximately 21’ and the bridge width is
approximately 20’. The substructure consists of reinforced
concrete abutments and reinforced concrete bent cap on
pile extensions. The BIR also notes the deteriorating
condition of the bridge; with 11 out of the 20 timber
bridge railing posts as well as the top 1” of the north
exterior girder showing signs of rot and moderate to
severe vertical cracking on concrete piles extensions, as
shown in Figure 1. The existing facility has been
designated as structurally deficient with a 2017 sufficiency
rating of 42.6 and a superstructure rating of 4.

DESIGN CRITERIA Figure 1: Vertical Cracking on Piles
All alternatives must meet the following criteria: b SRR .

e Roadway Design
Roadway design will be based on “AASHTO Policy on Geometric Design of Highways and
Streets 2011, 6" Edition Green Book” along with County standards where appropriate.

e Bridge Design
Final bridge design will be performed in accordance with “AASHTO LRFD Bridge Design

Specifications, Sixth Edition, and the Caltrans Amendments preface dated November
2011”. The latest updated versions of Caltrans bridge design manuals will also be utilized
when applicable.

e Seismic Design
Seismic design will be performed in accordance with the Caltrans "Seismic Design Criteria
Version 1.6 November 2010" and the latest information available from Caltrans Earthquake
Research.

e Hydraulic Analysis
The Caltrans “Local Assistance Procedures Manual” requires that the bridge soffit be 2’
above the 50-year flood elevation and that the bridge be capable of conveying the 100-year
flood or the flood of record.
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ROADWAY ALTERNATIVES
Replacing the bridge on the
existing alignment was chosen
due to the lowest construction
cost, least environmental
impacts, speed of construction,
and least new right-of-way
needs. With the detour only
being approximately 1.6 miles,
the most practical and cost-
effective roadway alignment
was to close Pine Hill Road for
one construction season and : i By
replace the bridge on its Figure 2: Looking East & West on Pine Hill Road
existing alignment. Building the

new bridge either upstream or downstream of the existing bridge, or staging the new bridge
construction to keep the existing bridge open during construction would result in significantly
more impacts to the channel, wetlands, and farmlands.

The existing roadway has 10’ traffic lanes with minimal shoulders. The 2009 traffic counts
recorded an Average Daily Traffic (ADT) of 341 vehicles per day, which increases to 582 vehicles
per day in 2036 at a 2% per year increase. The proposed road and bridge cross section will
consist of 10’ lanes, 5’ shoulders, 2' choker, and 2' for barrier railing for a total width of 34'. This
is 14' wider than the existing 20" wide structure. 1.5:1 side slopes will be utilized to further
reduce impacts to the adjacent wetlands and farmlands. This configuration is in conformance
with AASHTO’s Guidelines for Geometric Design of Highways and Streets and the 2012
Humboldt County General Plan. This 30' clear width meets the minimum design standard when
considering functional classification, design speed, and terrain for the project location.

The roadway classification for Pine Hill Road is a local rural road in flat terrain. Given the
context of the existing roadway within the project limits and the need to raise the vertical
profile for hydraulic concerns, a 35-mph proposed design speed is appropriate. This speed
satisfies AASHTO standards Exhibit 5-1 for local roads and satisfies AASHTO’s Policy on
Geometric Design of Highways and Streets guidelines.

The general alignment of Pine Hill Road through the project site is an east-west direction. There
are no significant obstacles or small radius curves to reduce the stopping sight distance. This
allows for the bridge to be constructed on the existing alignment with no skew.

The existing profile along the bridge deck must be raised approximately 3’ vertically to meet the
slough hydraulic and tidal change requirements. The minimum soffit elevation is required to be
at or above the King Tide elevation of 8.5, per WRECQO’s hydraulics evaluations. In order to
accomplish vertical change and stay within the AASHTO guidance for profile grade and vertical
curves that meet the 35-mph design speed, the proposed roadway profile uses a 120’ long sag
curve leading into a 180’ long crest curve and ending with a 160’ long sag curve.
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Levees are located at the southeast, northwest, and southwest corners of the existing bridge.
These levees are maintained by the property owners and the project will not be making
improvements to the levees. A minimal amount of conforming at the levees to accommodate
the raising of the bridge grade is anticipated.

Approach Guardrail

The existing bridge has no approach guard railings or attached end treatments. This bridge
replacement project will significantly improve the roadway approach features by protecting
each corner of the new bridge with a conventional end treatment system.

STRUCTURE ALTERNATIVES

Single-Span Precast Prestressed Reinforced Concrete Wide-Flange Girder

The single-span precast wide-flange concrete girder bridge is recommended as it will not
require falsework to construct and will eliminate the need for any piers within the limits of the
slough. This alternative will reduce construction time due to wide flange girders precast off-
project location and available for erection immediately. The precast manufacturer has
confirmed the viability of shipping this length of girders to project site. In addition, this
alternative lends to a structure depth that will conform to the proposed roadway profile and
will not encroach on the channel hydraulic highwater surface elevation. Furthermore, this
alternative will decrease the environmental impacts on an environmentally sensitive area.
Based on constructability, functionality, economic considerations and local boundary
conditions, a single-span precast prestressed concrete girder is a viable structure alternative for
this project.

Rejected Structure Alternative

A single-span cast in place post-tensioned concrete box girder bridge was also considered for
this project because it can provide the same minimum structure depth to adhere to the
hydraulic requirements without raising the proposed profile. Similar to the preferred precast
alternative, this option is also single-span and would preclude the need for piers within the
slough. However, the cast in place construction would require falsework which will most likely
require driven piles during construction which will further disturb the environmentally sensitive
slough. A bridge General Plan for this option is included in Appendix G for further reference.

Based on the information contained in this project report, the project development team
recommends replacing the bridge on existing alignment utilizing a single-span precast
prestressed reinforced concrete wide flange girder bridge. This alternative meets the project
goals, reduces construction schedule duration, is cost competitive, and minimizes temporary
and permanent environmental, and right-of-way impacts from the project.

A permanent sheet piling system will be constructed around the new bridge footing which will
eliminate the need for Rock Slope Protection (RSP) to protect the abutment. The width
between the abutments of the existing bridge is approximately 58.5'. The width between the
sheet piling is 65.5' for an overall channel widening of 7.0'. The channel will be widened 1.7' on
the easterly bank and 5.3' on the westerly bank. All existing RSP will be removed from the
channel.
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Bridge Railing

With the proposed 35 mph design speed along Pine Hill Road, metal bridge railing is proposed
instead of conventional concrete barriers which are more commonly associated with higher
speed conditions. Concrete Bridge Railing (Type 85 Modification) will be mounted on top of the
bridge edge of deck. To accommodate the thickness of the metal rail elements and still
maintain a 30’ clear width, the overall proposed structure width will be 34" —0”.

DESIGN EXCEPTIONS

A single design exception for hydraulic freeboard will be required. The basic rule for hydraulic
design of bridges is that they should be designed to pass the two percent (2%) probability flood
or tide (Q50) or the flood-of-record, whichever is greater without causing objectionable
backwater, excessive flow velocities, or encroaching on through traffic lanes. Sufficient
freeboard, the vertical clearance between the lowest structural member, and the water surface
elevation of the design flood should be provided. A minimum freeboard of 2’ is often assumed
for preliminary bridge design. An evaluation should be performed to determine, if horizontal
and vertical driftway requirements warrant a modified freeboard. The freeboard for controlled
flow waterways, such as irrigation canals, shall be required by the regulatory agency having
jurisdiction.

e The final design should be able to convey the base flood, Q100.

e The base flood (Q100) or overtopping flood, whichever is greater shall be used to
evaluate the costs, risks and impacts associated with encroachments on the 100-year
base flood plain.

e Construction projects in areas vulnerable to Sea Level Rise to begin planning for
potential impacts by considering a range of SLR scenarios for the years 2050 and 2100

The non-standard design element is hydraulic clearance. The bridge deck has been designed to
remain dry during the 100-year flow. Swain Slough, Martin Slough, and Elk River all become one
large backwater during high flow events. This backwater is made worse during a high flow
coupled with a Humboldt Bay high tide. Conveyance under the bridge is not a factor as each of
these waterways go out of bank during the high flows. The bridge as designed does not cause
objectionable backwater and does not provide freeboard due to drift.

The approach roadways leading to the bridge become inundated during the high flows. The
bridge is not accessible from the adjacent County roads during flood events and the County has
no plans to improve the approach roadways to meet standard flood elevation.

The bridge has been designed to accommodate a future raise if Sea Level Rise becomes an issue
in the future. The footing has been sized for a taller bridge and jacking points have been
detailed to facilitate raising this single span bridge.

DRAINAGE

Existing drainage patterns will generally be preserved. Drainage along the northeastern side of
Pine Hill Road generally flows to the northeast corner of the bridge and into Swain Slough. An
existing ditch will be re-graded with a new pipe and energy dissipating device added to enhance
this system. The drainage patterns at the southeast corner of the bridge will not change as it
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currently sheet flows off the roadway and into Martin Slough. The existing pipe beneath the
westerly approach will be replaced with a new 18" pipe which will maintain the existing
drainage patterns. Water flows into the southwest field through a breech in the levee and flows
towards the bridge. A portion of the flow crosses into the northwest field via the existing pipe,
and a portion overtops the road at the midpoint between the Swain Slough Bridge and Elk River
Road. The water then flows to a depressed area along the northwest levee before re-entering
Swain Slough midway between the Swain Slough Bridge and the Elk River Road Bridge. The
construction of the Swain Slough Bridge will not alter these preexisting drainage patterns.

TRAFFIC CONTROL/DETOUR

The County has indicated that it will be acceptable to close the existing roadway and detour
traffic during construction of the replacement bridge and the approach roadway. Detour to
Meyers Avenue, just northeast of the facility, may be used by local residence living near the
existing facility during construction.

CONSTRUCTION METHODS AND CONTRACTOR ACCESS

It is anticipated that excavators, dozers, cranes, dump trucks, concrete trucks, concrete pumps,
pile driving hammers, and pile drilling equipment may be required to remove the existing
bridge and construct the new bridge. Construction is anticipated to be completely within one
construction season. With a full road closure in place, contractor will have access to the project
site from both embankments. The Contractor will use the approach roadways as the staging
area which will reduce the environmental impacts to the project area. No staging of equipment
will occur in the wetland or agricultural areas.

Some dewatering of the sheetpile cofferdam will be required. The contractor will utilize
temporary tanks that will be staged on the existing asphalt roadway approaches. The water
that is collected will be disposed of offsite.

Settlement due to embankment construction is anticipated. The contractor will add
approximately 1' of additional fill to the each of the approaches along with a settlement
monitoring system to determine the quantity and duration of settlement. Once the settlement
has occurred, the additional fill will be removed.

Removal of the concrete bridge piers will be accomplished at a very low tide by excavating
around each pier, pulling each pier over with an excavator, breaking it off below the mud line,
and removing them from the slough channel. No concussive hammering of the existing
concrete piers during demolition is required. The excavated pier pits will be backfilled with the
sediment removed or with clean gravel after demolition. Installing sheet piling around the piers
to contain sediment was investigated but was discarded as this will cause more disturbance to
the channel than the described method.

In-channel work is limited and will consist of removal of the existing columns, removal of trash
and debris from the channel, and the removal of sediment from in front of the sheet piling. All
in-channel work will be performed at low tide with minimal flow in Swain Slough. There is no
work and/or impacts to Martin Slough.

Work is anticipated to occur during daylight hours.
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RIGHT-OF-WAY

The project site is located adjacent to four parcels that have several owners. Right-of-way will
be required from three of the four parcels and will include Temporary Construction Easements
(TCEs) and Permanent Roadway Easements (PREs). The following table details the APN, Owners,
and needed R/W types:

APN OWNER R/W Type
302-181-008-000 PRIOR ROBERT D TR PRE, TCE
302-151-019-000 CHAMBERLAIN ANDREW SUCTR PRE, TCE
302-151-020-000 JACOBSON LOU & ELIZABETH TCE

UTILITIES

The Humboldt Community Services District (HCSD)
owns and operates a 12" water line that is
connected to the north side of the existing Swain
Slough Bridge. This water line serves the Humboldt
Hill area. HCSD requires this water line remain in
service due to the lack of a redundant loop facility
within their system.

HCSD will be relocating this waterline using
Horizontal Directional Drilling (HDD) that will occur
before the construction of the new bridge. The
alignment of the new water line has been
coordinated with the design of the new bridge and
will not be in conflict once it has been relocated. HCSD will include BMPs in the project and will
provide details of the process to address the Coastal Commission concerns including “frac-out”.

ENVIRONMENTAL/PERMITS

The replacement of the Swain Slough Bridge will require both CEQA and NEPA clearances. As
the delegated Federal Highway Administration lead agency due to the use of federal funds,
Caltrans has determined that the project is a NEPA Categorical Exclusion under 23 CFR
771.117(d): activity (d)(13). Humboldt County as the CEQA lead agency has determined that this
project fits the definition of a Class 2 Categorical Exemption (CEQA Guidelines, Section 15302)
as it involves the replacement of an existing public facility on the same site with the same
purpose and capacity as the structure being replaced. Furthermore, this project has been
analyzed under both CEQA and NEPA and it has been determined that the project, as designed,
will not adversely impact air quality, water quality, historical or cultural resource, or any other
environmental area. The project will improve vehicular/pedestrian/bicyclist safety and reduce
the potential of accidents and injuries. This project fits within the definition of the Class 2
Categorical Exemption as set forth in CEQA Guidelines, Section 15302. Additionally, Humboldt
County has determined that none of the exceptions to the Categorical Exemptions set forth in
CEQA Guidelines, Section 15300.2, apply. As such, Humboldt County has concluded that this
Categorical Exemption applies to this project.

Figure 3: Existing Water Line
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The technical studies to support these determinations include:

Cultural Resources

An Archaeological Study Report (ASR) and Historic Property Study Report (HPSR) were prepared
in January of 2013 and it was determined that there are no cultural or historical resources
within the project area, therefore there will be No Historic Properties Affected by the project.

Biological Resources

A Biological Assessment/Essential Fish Habitat Assessment (BA/EFHA) was submitted to the
National Marine Fisheries Service (NMFS) to address potential impacts to federally listed fish
species. NMFS completed the Section 7 consultation and issued a Biological Opinion on
September 25, 2015 which concluded that the project is likely to adversely affect Northern
California DPS steelhead, SON CC ESU coho salmon, and California Coastal ESU Chinook salmon,
but is not likely to jeopardize the species. NMFS also concluded the project is likely to result in
an adverse effect to critical habitat for the Coastal SON CC ESU coho salmon, California ESU
Chinook salmon ESU, and the Northern California DPS steelhead. The project is not likely to
destroy or adversely modify critical habitat. In the Biological Opinion (BO), the National Marine
Fisheries Service determined that incidental take would occur to all three salmonid species in
the form of capture during fish relocation and by exposure to lethal noise levels resulting from
pile driving. NMFS expects no more than one juvenile of each species to be injured and no more
than two juveniles of each species will be killed as a result of constructing the project. NMFS
also concluded that the project would adversely affect Essential Fish Habitat for Pacific salmon
species. While the proposed action contains measures to minimize adverse effects to EFH,
NMFS provided additional conservation measures to further offset the adverse effects.

The BA/EFHA was also submitted to the U.S. Fish and Wildlife Service (USFWS) to address
potential impacts to the federally listed tidewater goby. The USFWS completed the Section 7
consultation and issued a Biological Opinion on September 24, 2015 which concluded that the
project is likely to adversely affect the species but is not likely to jeopardize the species. They
also concluded the project action area is not located within designated critical habitat for the
species. In the BO, USFWS determined that incidental take would occur to tidewater goby in
the form of capture during fish relocation and/or during dewatering activities. The USFWS
expects no more than five adult gobies to be injured or killed as a result of constructing the
Project. Conservation measures to reduce impacts to salmonids and gobies will be followed and
are included in the attached Environmental Commitment Record (ECR).

A Natural Environment Study was prepared in October 2014 and included a wetland
delineation. The delineation found that U.S. jurisdictional waters and three-parameter wetlands
occupy 0.989 acres of the BSA. State jurisdictional waters and two- and one-parameter coastal
wetlands occupy 1.165 acres of the BSA. The project design minimized impacts on wetlands to
the extent practicable. All other design considerations would have a greater impact on
wetlands. Since the project design with the least impact on wetlands was selected, the project
is in compliance with the Wetlands Only Practicable Finding Alternative. Minimization measures
to reduce impacts on wetlands and waters are included in the ECR. A Wetlands Mitigation and
Monitoring Plan shall be prepared and provided to the U.S. Army Corps of Engineers, North
Coast RWQCB, California Coastal Commission, and the CDFW for review and approval.
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Farmlands
The project will have no permanent impact on prime or unique farmland. Temporary impacts
on non-prime agricultural land will be less than significant.

Floodplain
The project will not result in any longitudinal or significant encroachment on the 100-year flood
plain.

Other Environmental Considerations

Review of the project site and project plans indicate that the project would not result in
substantial adverse impacts to the visual environment. Other than a temporary increase in
ambient noise from heavy equipment working during construction hours there are no long-
term sound impacts associated with the project. Upon project completion, noise levels will
return to pre-construction ambient levels. There are no known hazardous waste issues in the
project area.

Permits
® 404 Permit from the U.S. Army Corps of Engineers

* 401 from the Regional Water Quality Control Board
¢ 1602 from the Department of Fish and Wildlife

¢ Coastal Development Permit from the California Coastal Commission

GEOTECHNICAL/FOUNDATIONS

SHN Consulting Engineers & Geologist submitted a preliminary foundation memorandum for
the proposed bridge on September of 2012 shown in Appendix |. Foundations for the
abutments will most likely consist of Caltrans Class-45 standard driven pile foundations. A
Preliminary Foundation Report will be provided prior to the design phase of the project.

SEISMIC

The project site is located within one of the most seismically active areas of the State. Caltrans
Seismic Design Criteria version 1.6 (November 2010) will be utilized for the bridge design.
Quincy will perform an equivalent static seismic analysis of the proposed bridge. The
recommended ARS curve for seismic design will be provided by the geotechnical engineer and
included in the foundation report.

FALSEWORK

Falsework will not be required within the limits of the slough for the preferred precast concrete
girder alternative. This will be a great advantage to minimize impact to the project site
compared to other cast in place alternatives. This will also benefit the construction schedule by
reducing the overall time needed to construct the bridge.
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DECK PROTECTION

This project is located within a marine environment, therefore additional corrosion mitigation
techniques is required. Special protection measures such as thicker concrete cover and epoxy
coated reinforcement are required to provide proper protection.

HYDRAULICS gg-,r- ETE——— T ————————

The clear span of the proposed bridge is longer
than the current structure and will improve the
existing hydraulic condition. Furthermore, the
vertical profile of the proposed bridge is being
raised such that the entire superstructure will
clear the anticipated King Tide elevation. A draft
design hydraulic and location hydraulic study
report has been prepared and is included in
Appendix J.

The Pine Hill Road over Swain Slough Bridge
Replacement Project (Project) site crosses over
Swain Slough immediately downstream of its
confluence with Martin Slough. The mouth of
Martin Slough is separated from Swain Slough
by a levee and tide gates. The confluence of
Swain Slough with Elk River is 0.5 mi downstream of the Project site. Elk River eventually drains
into Humboldt Bay approximately 1.5 mi further downstream. Because of its close proximity to
Humboldt Bay, the project is tidally influenced.

Figure 4: Profile view looking north

The peak discharges for Swain/Martin sloughs were estimated using a rainfall/runoff model.
The 100-year and 50-year peak discharge values for Swain/Martin sloughs were estimated to be
2,490 cubic feet per second (cfs) and 2,200 cfs, respectively. The hydraulic characteristics at the
Project site were evaluated using the Hydrologic Engineering Centers River Analysis System
(HEC-RAS) modeling software, Version 4.1.0 developed by the U.S. Army Corps of Engineers
(USACE).

100-Year Water Surface Elevations and Freeboard at Upstream Face of Bridges

Alternative Lowest Bridge Soffit Water Surface Elevation Available Freeboard
Elevation (ft*) (ft*) (ft)
Existing 9.3 12.1 -2.8
Proposed 8.9 12.1 -3.2

Note: * The elevations reference the North American Vertical Datum of 1988 (NAVD 88)
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50-Year Water Surface Elevations and Freeboard at Upstream Face of Bridges

Alternative Lowest Bridge Soffit Water Surface Elevation Available Freeboard
Elevation (ft*) (ft*) (ft)
Existing 9.3 115 -2.2
Proposed 8.9 11.5 -2.6

Note: * The elevations reference the North American Vertical Datum of 1988 (NAVD 88)

The proposed bridge is designed based on the tidal elevations at Humboldt Bay and there are
provisions to raise the bridge in the future to address sea level rise, but the currently proposed
bridge is not designed to account for sea level rise. The bridge foundations are designed for the
superstructure to be able to be raised in the future to accommodate sea level rise. Sea level rise
estimates for the Project site were estimated using information from the following three
studies:

e The Probability of Sea Level Rise (Environmental Protection Agency [EPA]1995)

e Climate Change Scenarios and Sea Level Rise Estimates for the California 2009

e Climate Change Scenarios Assessment (Cayan 2009), and

e The Proceedings of National Academy of Science (PNAS) (Vermeer and Rahmstorf 2009)

Sea Level Rise Estimates for the Year 2100 near Humboldt Bay, California

Sea Level Rise (ft)

Method/Source
High Low
EPA 3.0 -0.8
CAYAN 4.6 3.3
PNAS 4.9 1.3

CHANNEL SCOUR/SLOPE PROTECTION

Based on field reviews and the maintenance report history, scour is a concern that needs to be
addressed at this site. Appropriate protective countermeasures include placement of rock slope
protection along each embankment slope in order to provide a more stable slough and reduce
erosion along the abutment slopes. Vibrated permanent sheet piling will be installed to a depth
that is below the anticipated scour which will protect the abutments in the future. The new
abutments will be placed further apart to improve flow characteristics in the stream channel.

CONSTRUCTION COSTS

The bridge construction cost for the preferred alternative is based on the 30% level design
which is estimated to be $1,206,000. A 10% mobilization and 25% contingency was assumed
when computing the total cost from the current level of design. Construction cost estimates for
the preferred alternative is detailed and shown on Table 1. The construction costs analysis
estimates have been presented based on Caltrans Comparative Bridge Cost and preliminary
roadway quantities with unit prices from similar projects. Table 2 includes cost estimates
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associated with utility coordination/relocation, right-of-way, environmental mitigation, or
construction engineering that are eligible for federal aid.

Table 1: Structure Construction Cost

Alternative Bridge Square Footage Total Construction Cost

Preferred Alt. — PC/PS W-Flange Girder 2,720 sq. ft. $1,206,000

Table 2: Construction Cost Analysis

Construct Bridge Slope Channel Detour  Approach Utility Mobilization Total

Bridge Removal | Protection Work Roadway Relocation Construction

$1,206,000 | $50,400 | $25,000 | $40,000 | $10,000 | $499,000 S0 $183,000 $2,013,000

CONCLUSIONS

An 80’ single-span precast-prestressed concrete wide flange girder built on the existing
horizontal alignment is the preferred structure type. With many bridge type comparison issues
such as cost, foundations, and constructability being considered, precast-prestressed concrete
wide flange girder is the most ideal replacement type at this site.

ATTACHMENTS

Preliminary Environmental Study
Type Selection Memo

NEPA Determination

CEQA Determination

Natural Environment Study
Archaeological Study Report (ASR)
Historic Property Study Report (HPSR)
Preferred Alternative

Preliminary Project Cost Estimates
Preliminary Foundation Report
Hydraulics Information

Bridge Inspection Records Information System Report

FASTIOTMOO®P>
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APPENDIX

Appendix A - Preliminary Environmental Study
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Appendix B - Type Selection Memo
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Appendix C - NEPA Determination
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Appendix D - CEQA Determination
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Appendix E - Natural Environment Study
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Appendix F - Archaeological Study Report (ASR)
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Appendix G - Historic Property Study Report (HPSR)
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Appendix H - Preferred Alternative
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Appendix | - Preliminary Project Cost Estimates
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Appendix J - Preliminary Foundation Report
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Some methods that we have observed to be effective in stabilizing subgrades have included the
following;:

e use of ¥-inch to 1%2-inch floatrock worked into the subgrade and covered with a geotextile
fabric such as Mirafi 500X; and

e placement of a geotextile fabric, such as Mirafi 500X, on the subgrade and covered with at
least one foot of compacted processed miscellaneous base (PMB) conforming to the
requirements of Section 200-2.5 of the Greenbook, latest edition.

Prior to placement of engineered fills, the approved native subgrade should be scarified to a
minimum depth of 6 inches, uniformly moisture-conditioned or aerated to near optimum moisture
content and compacted to at least 90 percent relative compaction!. Care should be exercised in
moisture conditioning the near surface soils, as excess moisture may cause a pumping condition.
Subgrades stabilized with floatrock or geotextile will not require scarification.

6.1.2 Fill Placement and Compaction

We expect that the majority of the existing earth materials encountered at the proposed bridge site
are generally too high in plasticity to be suitable for use as engineered fill. Engineered fill material
should be free of debris, rocks over 4 inches in diameter, organic material, have a plasticity index
less than 14 percent, and be evenly graded. All imported fill materials should be observed, tested,
and approved by SHN prior to transportation to the site.

Soil used as engineered fill should be uniformly moisture conditioned to within 2-percent of the
optimum moisture content. Engineered fill should be placed in lifts less than 8 inches in loose
thickness, and compacted to at least 90 percent relative compaction.

6.1.2.1 Compaction Adjacent to Walls

Backfill within 5 feet, measured horizontally, behind retaining structures should be compacted with
relatively lightweight, hand-operated compaction equipment to reduce the potential for creation of
relatively large compaction-induced stresses. If large or heavy compaction equipment is used,
compaction-induced stresses could result in increased lateral earth pressures on the retaining walls
in addition to those presented in this report.

6.1.2.2 Excavation Stability Considerations

We anticipate that the Contractor will need to use temporary excavations during construction of the
bridge structure. The excavations will require the Contractor to either slope the excavation walls or
install shoring or caisson systems to support the temporary cut slopes during construction. Since
the soils are indicated to be unconsolidated and are of generally soft to very soft consistency, and
likely to be saturated to near the ground surface, sloping the excavations may be physically and
environmentally impractical.

1 Relative compaction refers to the in-place dry density of a soil expressed as a percentage of the
maximum dry density of the same soil, as determined by the ASTM D1557 Test Method. Optimum
moisture content is the water content (percentage by dry weight) corresponding to the maximum
dry density.

\ \ Eureka\ projects\ 2012\ 012163-PineHillbridg\ PUBS\ rpts\ 20151229-PineHillFinalGeotechnicalRpt.doc m
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM D4767
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Project: Pine Hill Road Bridge
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Project No.: 012163
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Sample Type: 3" shelby

Description: Stiff Gray SILT
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Phase calculations based on start and end of test.

+ Saturation is set to 100% for phase calculations.




UNCONFINED COMPRESSION TEST REPORT
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Project: Pine Hill Road Bridge
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Project No.: 012163
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Description: Gray Silt
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CONSOLIDATION TEST DATA
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[ | I N [ 2 |

0.00 £ i 1 i1 el 2 A 2 S T S |
] C\\\ :
] L -
e \“\ -
0.05 —~ v s T \" —
- ‘\\ o
B - i
- \g\ -
£ ] . C
= ] [
ig p N
& 0.10 -
O - L
3 - X
0. - L
%] A o
=) 3 R
1 e [
0.15 = Presggrent o
- T —— L
0-20 i ¥ ¥ T T T T 7 l L3 1 1 1 L2 R B | ’ L] ) L) ) T B L -
100 1000 10000 100000
VERTICAL STRESS, psf
107 1 X [ W A | t i PR W R | 1 + VR T S
107
§ o fresine //ﬁ
4 o
10 /\»*-- =Y
- u Y
> e
S : r 4
107 R
10-c ' ¥ L) Al L] ¥ T K ' L] L] ¥ 13 ¥ L) ' k) T ] l ¥ L L I
100 1000 10000 100000
VERTICAL STRESS, psf
Project: Pine Hill Road Bridge Location: Eureka Praject No.: 012163

Boring No.: B1 @ 11°*

Tested By: JMA

Sample No.: 12-830

Test Date: 11/8/12

Checked By: N \2\;!,3 7 _

Depth: 11’

Test No.: 12-830

Sample Type: 3" shelby

Elevation:

Description: Soft Gray Silt

Remarks:

Mon, 26-NOV-2012 14:06:40



CONSOLIDATION TEST DATA
SUMMARY REPORT

0.00 ) (] 1 i i (] 1 - ' 1 i (3 1 L Lt I L 3 1 i i [ PG P E E
0.05 - B
£ 0.10] =
’__: o 3
= J N
id i 5
=
Lot b N
Q 4 g
-4
= | 7 e
o 4 K
%) N &
S 0,15 -
0.20 ] -
0.25 T T (EE S B | T T T LI A T ¥ T ™TTT
100 1000 10000 100000
VERTICAL STRESS, psf
Before Test After Test
Overburden Pressure, psf: Water Content, % 41.37 30.78
Preconsolidation Pressure, psf: Dry Unit Weight, pcf 79.16 82.479
| Compression Index: Saturation, % 102.40 105.99
Diameter: 2.5 in Height: 1 in Void Ratio 1.05 0.76
LL: 0 {PL: O PI: 0 | Gs: 2.60
Project: Pine Hill Road Bridge Location: Eureka Project No.: 012163
Boring No.: B1 @ 11" Tested By: JMA Checked By:
Sample No.: 12-830 Test Date: 11/8/12 Depth: 11’
Test No.: 12-830 Sample Type: 3" shelby Elevation:

Description: Soft Gray Silt

Remarks;

Mon, 26-NOV-2012 14:06:41




CONSOLIDATION TEST DATA
SUMMARY REPORT

0.00 I (YO W M B A | 1 1 1 [ | i L i | TN N S 3
1 e 3
1 ; ‘-‘“'“5«.“___ 3
0.05- =
(= h X
= - L
z - B
o] 0 L
& 0.10 -
[&] B -
3 . N
o - -
(%} R -
a N L
) a\\,‘_ -
] \\ﬁ\\_ L
0.15— s &
i M"“"‘—h-‘_m_ X L
] R % [
b SR \‘5 ?
0120 1 ) 1 L] 177 ’ L3 1] L] ' L] LB I L] 1 L ¥ L] LA T ]
100 1000 10000 100000
VERTICAL STRESS, psf
10-4 4 It 1 N SRR | 1 4 1 PR N W | i 1 I FTROE N Y 1 1
107 /\ j
g 10 £
a i \ ‘
S o] . ———ig
=1 N\ S
= : s
(&) g
107 =
108 Y T T T T T T T T T T T T T T
100 1000 10000 100000

VERTICAL STRESS, psf

Praject: Pine Hill Road Bridge

Location: Eureka

Project No.: 012163

Boring No.: B1@ 31’

Tested By: JMA

Sample No.: 12-832

Test Date: 11/12/12

Checked By: \\l,_ M‘L

Depth: 31’

Test No.: 12-832

Sample Type: 3" shelby

Elevation:

Description: Soft Gray Silt

Remarks:

Mon, 26-NOV-2012 14:12:11




CONSOLIDATION TEST DATA

SUMMARY REPORT

0.00 = 1 1 i el L 1 i 1 st 3l 1 1 3 | T W N W |
i . SO E
] e ;
- e - L.
~ ‘-L""'-qg_u__ o
3] s »
0.05 — o
; X
] B\ .
0,10 \\ -
|_‘ e -
z J E
[ N R
=
3] ] s [
a N e [
Q 0.15 ] = P ~
] e f
-4 e r— xS sai o
0.20 - l
; X
] X
0.25 ¥ T ) 1 1 1 Vl ‘ L] T ] ] L LB B Y l ] ¥ ¥ 13 i 2 L2 L
100 1000 10000 100000
VERTICAL STRESS, psf
Before Test After Test
Overburden Pressure, psf: Water Content, % 43.05 35.63
Preconsolidation Pressure, psf: Dry Unit Weight, pcf 75.358 86.625
Compression Index: Saturation, % 97.00 106.03
Diameter: 2.5 in Height: 1 in Void Ratio 1.15 0.87
LL: O PL: O Pi: O GS: 2.60

Project: Pine Hill Road Bridge

Location: Eureka

Project No.: 012163

Boring No.: B1@ 31’

Tested By: JMA

Checked By:

Sample No.: 12-832

Test Date: 11/12/12

Depth: 31'

Test No.: 12-832

Sample Type: 3" shelby

Elevation:

Description: Soft Gray Silt

Remarks:

Mon, 26~NOV-2012 14:12:11




CONSULTING ENGINEERS & GEOLOGISTS, INC.

812 W. Wabash Eureka, CA 85501-2138 Tel: 707/441-8855 FAX: 707/441-8877 E-mall: shninfo@shn-engr.com

LIQUID LIMIT, PLASTIC LIMIT, and PLASTICITY INDEX (ASTM-D4318)

JOB NAME: Pine Hill Rd Bridge JOB #: 012163 LAB SAMPLE #: 12-833
SAMPLE ID: B1 @ 41" PERFORMED BY: JMA DATE: 11/12/2012
PROJECT MANGER: JHD CHECKED BY: R DATE: ﬂhd iz
LINE
NO. TRIAL NO. 1 TRIAL NO. 2 TRIAL NO. 1 TRIAL NO. 2 TRIAL NO. 3
A |PANZ# 13 14 7 8 8
B_|PANWT. (9) 22.180 19.960 29.010 29.180 28.720
_C__|WT. WET SOIL & PAN (g) 28.250 27.350 36.340 36.640 36.120
D__|WT. DRY SOIL & PAN (g) 26.890 26.670 33.870 34.030 33.480
E _|WT. WATER (C-D) 1.360 1.680 2.470 2610 2.640
F |wT. DRY SOIL (D-B) 4,710 5.710 4.860 4.850 4.760
G |BLOW COUNT - P 35 23 17
H |MOISTURE CONTENT (E/F*100] 28.9 29.4 i 50.8 53.8 55.5
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CONSULTING ENGINEERS & GEOLOGISTS, INC.

812 W. Wabash Eureka, CA 95501-2138 Tel: 707/441-8855 FAX: 707/441-8877 E-mail: shninfo@shn-engr.com

LIQUID LIMIT, PLASTIC LIMIT, and PLASTICITY INDEX (ASTM-D4318)

JOB NAME: Pine Hill Rd Bridge JOB #: 012163 LAB SAMPLE #: 12-831
SAMPLE ID: B1 @ 21' PERFORMED BY: JMA DATE: 11/12/2012
PROJECT MANGER: JHD CHECKED BY: e DATE: __ wleélr
LINE
NO. TRIAL NO. 1 TRIAL NO. 2 TRIAL NO. 1 TRIAL NO. 2 TRIAL NO. 3
A |PAN# 15 16 4 5 6
B__|PAN WT. (g) 20.640 21.030 29.390 28.860 29.690
C__|WT. WET SOIL & PAN (g) 27.300 28.200 38.710 37.410 38.440
D__|WT. DRY SOIL & PAN (g) 26.180 27.010 36.470 35.300 36.250
E |WT. WATER (C-D) 1,120 1.190 2.240 2.110 2.190
F |WT. DRY SOIL (D-B) 5.540 5.980 7.080 6.440 6.560
G |BLOW COUNT L - 28 24 18
H |MOISTURE CONTENT (E/F*100; 20.2 19.9 316 32.8 33.4
LIQUID LIMIT PLASTIC INDEX PLASTIC LIMIT
32 12 20
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gw CONSULTING ENGINEERS & GEOLOGISTS, INC.

PERCENT PASSING # 200 SIEVE (ASTM - D1140)

335 S.Main St. Willits, CA 95490 Tel. (707)459-4518 Fax (707)459188:

Project Name: Pine Hill Rd. Bridge Project Number: 012163
Performed By: SJ Date: 10-Dec
Checked By: Date:

Project Manager:

Lab Sample Number 12-091

Boring Label B-1

Sample Depth (ft) 81'

Pan Number 777

Dry Weight of Soil & Pan 552.3

Pan Weight 235.0

Weight of Dry Soil 317.3

Soil Weight Retained on

#200&Pan 464.0

Soil Weig_;ht Passing #200 88.3

Percent Passing #200 27.8

Lab Sample Number

Boring Label

Sample Depth (ft)

Pan Number

Dry Weight of Soil & Pan

Pan Weight

Weight of Dry Soil

Soil Weight Retained on
#200&Pan

Soil Weight Passing #200

Percent Passing #200

Revised 6/06



CONSULTING ENGINEERS & GEOLOGISTS, INC.
812 W. Wabash Eureka, CA 95501-2138 Tel: 707/441-8855 FAX: 707/441-8877 E-mail: shninfo@shn-engr.com

PROJECT NAME: Pine Hill Rd. Bridge PROJECT NUMBER: 012163

SAMPLE ID; B-1, 70' depth Lab Sample#: 12-090

DATE TESTED: 12/10/12

SIEVE 3" |21/2"] 2" J11/2"] 1" | 3/4" | 1/2" | 3/8" | #4 | #B8 | #10 | #16 | #30 | #40 | #50 | #60 | #100 | #200
SIEVE SIZE (mm) 76.2| 63.5| 50.8] 38.1| 254] 19.1| 12.7] 9.53| 4.75] 2.36] 2.00] 1.18] 0.600] 0.425| 0.300f 0.250| 0.150| 0.075
PERCENT PASSING 100f 100/ 100] 100f 100f 100] 100|] 100] 99.7] 99.3] 99.3] 99.0f 97.8] 96.5| 92.2| 86.0] 55.0f 454
SPEC REQUIRED

Gradation Test Results

U.S. Std. Sieve Numbers

E 100 :MM::Z‘ :a 18 _:;s\s;:o 1=no 2;00
2 90 i\%
= 80
2z 70 “
£ 60 S
0 50 S
o 40 =
o
§ 30
S
o
0
100 10 1 0.1 0.01 0.001
Grain Size (mm)
GRAVEL SAND SILT or CLAY
Coarse I Fine cOarsel Medium —| Fine
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CONSULTING ENGINEERS & GEOLOGISTS, INC.
335 S. Main St. Willits, CA 95490 Tel: 707/459-4518 FAX: 707/459-1884 E-mail: shninfo@shn-engr.com

PROJECT NAME: _ Pine Hill Rd. Bridge _ PROJECT NUMBER: 012163

SAMPLE ID: B-1, 90' depth Lab Sample#: 12-092

DATE TESTED: 12/10/12

SIEVE 3" |21/2°] 2 [11/2] 1" |34 | 120 | 38| #4 | #8 | #10 | #16 | #30 | #40 | #50 | #60 | #100 | #200
SIEVE SIZE (mm) 76.2| 635 50.8] 38.1] 25.4] 19.1] 12.7] 9.53] 4.75] 2.36] 2.00] 1.18] 0.600] 0.425{ 0.300] 0.250{ 0.150{ 0.075
PERCENT PASSING 100 100] 100] 100 100] 4100] 100] 100| 100f 100.0] 100.0] 100.0] 99.7[ 97.9| 88.3] 69.6] 20.1] 12.9
SPEC REQUIRED

Gradation Test Results

U.S. Std. Sieve Numbers

Em 100 - 3 215 1 .7'5 5? 375 4 .B 1 élﬁ 30 40 5; :D 1’00 2{00
S 90 N :‘
= 80
2 70 ’
g 9
a 50 \
E 40 3
o 20 L =
) 10 =
m 0 -1
100 10 1 0.1 0.01 0.001
Grain Size (mm)
GRAVEL SAND SILT or CLAY
Coarse I Fine |Coarse | Medium | Fine
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CONSULTING ENGINEERS & GEOLOGISTS, INC.

812 W. Wabash Eureka, CA 95501-2138 Tel: 707/441-8855 FAX: 707/441-8877 E-mail: shninfo@shn-engr.com

LIQUID LIMIT, PLASTIC LIMIT, and PLASTICITY INDEX (ASTM-D4318)

JOB NAME: Pine Hill Bridge JOB #: 012163 LAB SAMPLE #: 15-488
SAMPLE ID: B2@110.5-111.0 PERFORMED BY: ____JMA/LWP DATE: 10/7/2015
PROJECT MANGER: GDS CHECKED BY: D&~ DATE: _velghis—
LINE
NO. TRIAL NO. 1 TRIAL NO. 2 TRIAL NO. 1 TRIAL NO. 2 TRIAL NO. 3
A_[PaN# 15 16 4 5 6
B_|PANWT. (g) 20.590 21.000 29.330 28.820 29.650
C__|WT. WET SOIL & PAN (g) 26.940 28.010 37.940 37.450 38.750
D_|WT. DRY SOIL & PAN (g) 25.950 26.850 35.870 35.220 36.330
E_|WT. WATER (C-D) 0.990 1.160 2.070 2.230 2.420
F__|WT.DRY SOIL (D-B) 5.360 5.850 6.540 6.400 6.680
G_[BLOW COUNT - - 33 21 18
H__[MOISTURE CONTENT (E/F*100 18.5 19.8 31.7 34.8 36.2
LIQUID LIMIT PLASTIC INDEX | _PLASTIC LIMIT
34 15 19
PIEASTICITYICHART LIQUID LIMIT DETERMINATION
60
/ 37.0
2 CH or OH
36.0
x40 :
§ CL or OL ALine
E 30 = 35.0
o =]
-
2} 4
3 20 =
* 8 340
cLm ® 8 34
ey MH or OH w
10 x
ML or OL B
o)
" 9 33.0
0O 10 20 30 . 40 50 60 80 90 100
LIQUID LIMIT
32.0
310 20 30 40
BLOW COUNT
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UNCONFINED COMPRESSION TEST REPORT
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VERTICAL STRAIN, %
Symbol
Test No. 15-488
Diameter, in 2.35
Height, in 4.9
o | Water Content, % 25.68
< | Dry Density, pcf 101.77
Saturation, % 107.52
Void Ratio 0.6378
Unconfined Compressive Strength, psf 1652.1
Undrained Shear Strength, psf 826.07
Time to Failure, min 19.504
Strain Rate, %/min 1
Specific Gravity 2.67
Liquid Limit 34
Plastic Limit 19
Plasticity Index 15
Failure Sketch R —_— —_—

Project: Pine Hill Bridge

Location: Eureka

Project No.: 012163

Boring No.: B2 @ 110.5

Sample Type: 2.5" CalBrl

Description: Gray SILT

Remarks: Catcher used on specimen reduced sample diameter
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Sample No.: 15-488 Test Date: 10/5/15 Depth: 110.5-111
Test No.: 15-488 Sample Type: 2.5" CalBrl Elevation:

Description: Gray SILT

Remarks: Catcher used on specimen reduced sample diameter
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LANGAN TREAD WELL RDLLU Technical Excellence

Practical Experience

Client Responsiveness
22 July 2014

Mr. John H. Dailey

SHN Consulting Engineers & Geologist, Inc.
335 S. Main Street

Willits, California 95490

Subject: Development of Site-Specific Response Spectrum
Pine Hill Road Replacement Bridge
Eureka, California
Langan Project No.: 731630801

Dear Mr. Dailey:

This letter-report presents the results of our ground motion study to develop site-specific
response spectrum for the proposed Pine Hill Road replacement bridge in Eureka, California.
We understand the existing 63-foot long, 65 years old, three span timber bridge is structurally
deficient and is proposed to be replaced by an approximately 70-foot long reinforced concrete
bridge. Figure 1 presents the site location map. The design of the new bridge wiill follow the
California Department of Transportation (Caltrans) Seismic Design Criteria Version 1.7, April
2013. In general, the subsurface conditions consist of soft clay to a depth of approximately
70 feet. This layer is underlain by approximately 30 feet of potentially liquefiable medium
dense to dense sand. Medium stiff to stiff clay underlies the sand. Considering these
conditions, Caltrans design criteria requires development of site-specific response spectrum.

1.0 SCOPE OF SERVICES

Our study was performed in accordance with the scope of services presented in our revised
proposal dated 6 February 2014. We used the subsurface information developed by SHN
Consulting Engineers & Geologist, Inc. (SHN). Our scope of services did not include any site
visits or performing supplemental field investigation. We developed site-specific response
spectrum in accordance with the guidelines presented in Appendix B of 2013 Caltrans Seismic
Design Criteria (Caltrans 2013). Specifically, we performed the following:

¢ Probabilistic seismic hazard analysis (PSHA) for a 5 percent probability of exceedance in
50 years (975 year return period)

e Deterministic seismic hazard analysis for the median spectrum of the governing
scenario earthquake

e Developed site-specific design response spectrum for stiff soil for input into the
nonlinear ground response analysis based on the envelope of the PSHA and
deterministic spectra

e Spectrally matched five time series to the site-specific stiff soil spectrum
e Nonlinear ground response analysis

e Developed site-specific response spectrum for the project

555 Montgomery Street, Suite 1300 San Francisco, CA 94111 T: 415.955.5200 F: 415.955.5201 www.langan.com
California « New Jersey » New York o Virginia « Washington, DC « Pennsylvania « Ohio » Connecticut « North Dakota e Florida ¢ Abu Dhabi « Athens » Doha « Dubai s Istanbul



Development of Site-Specific Response Spectrum 22 July 2014
Pine Hill Road Replacement Bridge Page 2 of 11
Eureka, California

Langan Project No.: 731630801

2.0 SUBSURFACE CONDITIONS

The subsurface information provided by you included one boring drilled to a depth of 90.5 feet
below existing ground surface (bgs) and four Cone Penetrometer Tests (CPTs) advance to
depths ranging from approximately 73 to 103 feet bgs. In addition, shear wave velocities were
measured in two of the CPT soundings. We also received laboratory test results on selected
samples from the boring. In general, the subsurface conditions consist of soft clay to a depth
of approximately 70 feet. This layer is underlain by approximately 30 feet of medium dense to
dense sand that is potentially liquefiable. Medium stiff to stiff clay underlies the sand.

On the basis of the shear wave velocity measurements, the average shear wave velocity in the
top 30 meters (100 feet) is approximately 145 m/s (477 ft/sec). Considering these conditions,
Caltrans design criteria requires development of site-specific response spectrum. Because the
site is underlain by deposits of soft clay and potentially liquefiable sand, we performed
nonlinear ground response analysis. To perform this type of an analysis, time series are
needed as input at the base of the model. On the basis of our discussions with HSN, we
understand bedrock is on the order of about 1,400 feet (500 m) below the ground surface.
Furthermore, the site-specific data suggest that the shear wave velocity at a depth of
approximately 100 feet is about 1,000 ft/sec. Consequently, we developed stiff soil response
spectrum as the basis for the development of the input motions for the ground response
analysis. Details of this development are presented in the following sections of the report.

3.0 PROBABILISTIC SEISMIC HAZARD ANALYSIS

Because the location, recurrence interval, and magnitude of future earthquakes are uncertain,
we performed a PSHA, which systematically accounts for these uncertainties. The results of a
PSHA define a uniform hazard for a site in terms of a probability that a particular level of shaking
will be exceeded during the given life of the structure.

To perform a PSHA, information regarding the seismicity, location, and geometry of each
source, along with empirical relationships that describe the rate of attenuation of strong ground
motion with increasing distance from the source, are needed. The assumptions necessary to
perform the PSHA are that:

e the geology and seismic tectonic history of the region are sufficiently known, such that
the rate of occurrence of earthquakes can be modeled by historic or geologic data

o the level of ground motion at a particular site can be expressed by an attenuation
relationship that is primarily dependent upon earthquake magnitude and distance from
the source of the earthquake

e the earthquake occurrence can be modeled as a Poisson process with a constant mean
occurrence rate.

LANGAN TREAODWELL ROLLO
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As part of the development of the site-specific spectrum at the base of the soil column for the
nonlinear ground response analysis, we performed a PSHA to develop site-specific response
spectra for 5 percent probability of exceedance in 50 years. The ground surface spectra were
developed using the computer code EZFRISK 7.62 (Risk Engineering 2012). The approach used
in EZFRISK is based on the probabilistic seismic hazard model developed by Cornell (1968) and
McGuire (1976). Our analysis modeled the faults in area as linear and areal sources, and
earthquake activities were assigned to the faults based on historical and geologic data. The
levels of shaking were estimated using Next Generation Attenuation (NGA) relationships that
are primarily dependent upon the magnitude of the earthquake and the distance from the site
to the fault.

31 Probabilistic Model

In probabilistic models, the occurrence of earthquake epicenters on a given fault is assumed to
be uniformly distributed along the fault. This model considers ground motions arising from the
portion of the fault rupture closest to the site rather than from the epicenter. Fault rupture
lengths were modeled using fault rupture length-magnitude relationships given by Wells and
Coppersmith {1994).

The probability of exceedance, P,(Z), at a given ground-motion, Z, at the site within a specified
time period, T, is given as:

PE(Z) =1- e-V(z)T

where V(z) is the mean annual rate of exceedance of ground motion level Z. V(z) can be
calculated using the total-probability theorem.

V@)=3V, [[Prz>z|m, r1fy, (m)f; p, (;m)drdm

where:

v; = the annual rate of earthquakes with magnitudes greater than a threshold M,
in source i

P [Z > z | m,r] = probability that an earthquake of magnitude m at distance r
produces ground motion amplitude Z higher than z

fwi (M) and oy (r;m) = probability density functions for magnitude and distance
Z represents peak ground acceleration, or spectral acceleration values for a given frequency of

vibration. The peak accelerations are assumed to be log-normally distributed about the mean
with a standard error that is dependent upon the magnitude and attenuation relationship used.

LANGAN TREADWELL ROLLO
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3.2 Source Modeling and Characterization

The segmentation of faults, mean characteristic magnitudes, and recurrence rates were
modeled using the data presented in the WGCEP (2008) and Cao et al. (2003) reports. We also
included the combination of fault segments and their associated magnitudes and recurrence
rates as described in the WGCEP (2008) in our seismic hazard model. Table 1 presents the
distance and direction from the site to the fault, mean characteristic magnitude, mean slip rate,
and fault length for individual fault segments. We used the 2008 California, Oregon, and
Cascadia fault databases identified in EZFRISK 7.62. We understand EZFRISK obtained this
database directly from USGS and models the faults with multiple segments. Each segment is
characterized with multiple magnitudes, occurrence or slip rates and weights. This approach
takes into account the epistemic uncertainty associated with the various seismic sources in our
model.

TABLE 1
Source Zone Parameters
Approx. Mean Approx.
Distance Characteristic { Mean Slip| Fault
from fault | Direction Moment Rate Length

Fault Segment (km) from Site Magnitude (mm/yr) | (km)
Little Salmon (Onshore) 1.7 West 7.10 5 34
Little Salmon Connected 1.7 West 7.50 2.7 80
Little Salmon (Offshore) 4.2 West 7.30 1 46
Table Bluff 6.7 Southwest 7.20 0.6 49
Mendocino 7.3 East 7.3 35 260

Cascadia 14 West 9.0 35 1,300
Fickle Hill 16 East 7.10 0.6 32
Mad River 18 Northeast 7.20 0.7 42
McKinleyville 20 Northeast 7.20 0.6 47
Trinidad 24 Northeast 7.50 0.7 88
Big Lagoon-Bald Mtn 38 Northeast 7.50 0.5 90
Maacama-Garberville 56 South 7.40 9 221
N. San Andreas; SAO 60 Southwest 7.37 24 136
N. San Andreas; SAO+SAN 60 Southwest 8.00 24 326
N. San Andreas; SAO+SAN+SAP 60 Southwest 7.95 22 410
N. San Andreas; SAO+SAN+SAP+SAS 60 Southwest 8.05 22 472
Bartlett Springs 79 Southeast 7.30 6 174
Whaleshead 1563 Northeast 7.01 2.6 46
Battle Creek 173 East 6.70 0.5 29
N. San Andreas; SAN 179 South 7.51 24 189
N. San Andreas; SAN+SAP 179 South 7.73 22 274
N. San Andreas; SAN+SAP+SAS 179 South 7.87 21 336
Great Valley 1 193 Southeast 6.80 0.1 44
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3.3 Attenuation Relationships

On the basis of the measured shear wave velocity, we assumed a shear wave velocity of
1,000 ft/sec for the development of stiff soil response spectrum used for developing the input
motions for the nonlinear ground response analysis.

Consistent with the requirements of Appendix B of Caltrans Seismic Design Criteria (2013), we
used Campbell and Bozorgnia (2008) and Chiou and Youngs (2008) attenuation relationships for
shallow crustal faults and Youngs et al. (1997) relationships for subduction zone.

34 PSHA Results

Figure 2 presents the results of the PSHA for 5 percent probability of exceedance in 50 years.
The average of the four attenuation relationships is also shown on these figures. Because of
the close proximity of the Little Salmon fault we considered near-source directivity using
Abrahamson (2000) model.

Figure 3 presents the deaggregation plots of the PSHA results for the 5 percent probability of
exceedance in 50 years hazard level. From the examination of these results, it can be seen that
the Little Salmon connected fault (M,, = 7.5 at 1.7 km) dominate the hazard at the project site
at different periods of interest.

4.0 DETERMINISTIC

We performed a deterministic analysis to develop the design spectrum at the site. In a
deterministic analysis, a given magnitude earthquake occurring at a certain distance from the
source is considered as input into an appropriate ground motion attenuation relationship. The
scenario earthquake was defined as an event having a Moment Magnitude of 7.5 consistent
with the mean magnitude assigned by WGCEP (2008) for the Little Salmon connected fault at a
distance of approximately 1.7 kilometers from the site.

The same attenuation relationships used in the PSHA for shallow crustal faults were used in
our deterministic analysis. We also included near-source directivity as discussed in Section 3.4.
Figure 4 presents the median deterministic results for the attenuation relationships used in the
analysis and the average of these relationships.

5.0 RECOMMENDED STIFF SOIL SPECTRUM

The Design Earthquake spectrum as defined in in Appendix B of the 2013 Caltrans code is the
envelope of the 975 year return PSHA and the median deterministic on the governing fault.
Figure b presents the PSHA and determinisitic median spectra for the site. Also, shown on this
figure is the envelope of these spectra. For periods shorter than 1.0 second the PSHA
spectrum governs and periods longer than or equal to 1.0 second the deterministic spectrum
governs the stiff soil design spectrum. Table 2 presents the site-specific stiff soil spectrum.

LANGAN TREADWELL ROLLO



Development of Site-Specific Response Spectrum
Pine Hill Road Replacement Bridge

Eureka, California

Langan Project No.: 731630801

22 July 2014
Page 6 of 11

TABLE 2

Site-Specific Stiff Soil Spectrum
S, (g) for 5 percent damping

Period
(seconds) S, (g)
0.01 0.967
0.10 1.455
0.20 1.862
0.30 1.938
0.40 1.886
0.50 1.817
0.60 1.687
0.75 1.516
1.00 1.345
1.50 1.031
2.00 0.738
3.00 0.404
4.00 0.264
5.00 0.208

6.0 MATCHED TIME SERIES

The selection of a recorded time series is an important step in developing the ground motion.
The intent in this selection process is to choose time series that in general have a similar
magnitude and distance as that of the design ground motion. The suite of time series
recommended for this project are from recordings from large events, similar to the seismic

regime of the northern part of the state of California.

In addition, the use of different

earthquakes captures the unique and different character of each particular earthquake. Table 3
presents the time series used for matching to the recommended spectra.

LANGAN TREADWELL ROLLO



Development of Site-Specific Response Spectrum 22 July 2014
Pine Hill Road Replacement Bridge Page 7 of 11
Eureka, California

Langan Project No.: 731630801

TABLE 3

Earthquake Time Series Used
for Matching to Recommended Stiff Soil Spectrum

Vs30 Closest
NGA Rupture (m/s), Epi. Dist. to
Seq. Mechanis | Mag Time Site Dist. | Rupture- PGV PGD
EQ., Year No. m . History Class (km) (km) Comp. | PGA (g) | (cm/s) | (cm)
Loma Prieta, Reverse, Los Gatos
1989 779 oblique 6.9 PC 478, C 23 6 0 0.966 108.5 65.8
Cape Cape
Mendocino, 501 Subduction 7.0 pe, 514, C 10 7 0 1.497 125.1 39.7
Mendocino
1992
Duzce, 1999 1605 Strike-slip 7.1 Duzce 276, D 2 7 270 0.535 83.4 51.6
Tabas, 1979 143 Thrust 7.4 Tabas 767, B 55 2 L 0.836 97.8 38.7
ChiChi, 2002 | 1503 Reverse 7.4 TCU06B7 433,C 29 0.6 E 0.503 79.6 93.1

Figures 6 through 10 present the acceleration, velocity, and displacement of the matched time
series and comparison between the initial, recommended matched spectrum for the stiff soil.

7.0 NONLINEAR GROUND RESPONSE ANALYSIS

Because the site is underlain by soft clay and potentially liquefiable layers, the response spectra
at the ground surface were developed using the computer program DEEPSOIL Version 5.1
(Hashash et al. 2012). DEEPSOIL is a one-dimensional site response analysis program that
performs non-linear time domain wave propagation analysis based on vertically propagating,
horizontal shear waves. The program mathematically transmits input base motions vertically
through an idealized soil column to the ground surface. DEEPSOIL incorporates the pressure-
dependent hyperbolic model which was modified by Matasovic (1993) and adjusts the
hyperbolic model by Konder and Zelasko (1963) by introducing two additional parameters Beta
and s that adjust the shape of the back bone curve B. The stress strain equation is:

= Gy _ Guy
1+Beta(&'1) 1+ Beta(L)
rmo y r

where: G, = initial shear modulus, 1, = shear strength, y = shear strain. Beta, s, and y, are
model parameters.

' From NGA flatfile
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We performed both total stress and effective stress (with generation and dissipation of pore
pressures) nonlinear one dimensional analyses and used the strain dependent shear modulus
reduction and damping curves developed by Seed and Idriss (1970) and Vucetic and Dobry
(1991) for the sand and clay layers at the site, respectively. The model parameters were
internally developed by curve fitting to Seed and Ildriss (1970) and Vucetic and Dobry (1991)
curves. The effective stress analyses were performed to account for pore pressure generation
and dissipation and its effect on the computed response spectra. The modeling of for pore
pressure generation and dissipation was performed using the model parameter developed by
Matasovic (1992) for sand and Matasovic and Vucetic (1995) for clay as part of the effective
stress analysis option in DEEPSOIL.

To develop the idealized model at the site we used subsurface information developed by SHN.
We assigned the input motion (matched time series from Section 6.0) at an assumed depth of
150 feet below the ground surface and performed the analyses using the lower bound and
upper bound shear wave velocities measured at the site. The lower and upper shear wave
velocities used in idealized profiles in our analyses are summarized in Tables 4 and 5,
respectively.

TABLE 4
Lower Bound V, Idealized Profile Used in DEEPSOIL Analyses
Depth Assigned Lower
Range Bound Shear Wave
Layer (feet) Velocity (ft/sec)
Clay 0-19 315
Clay 19-30 364
Clay 30-40 381
Clay 40 -50 486
Clay 50 - 60 479
Clay 60-70 502
Sand 70-80 630
Sand 80-90 850
Sand 90-100 870
Clay 100-150 1,000 (assumed)
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TABLE 5
Upper Bound V, Idealized Profile Used in DEEPSOIL Analyses
Depth Assigned Upper
Range Bound Shear Wave
Layer (feet) Velocity (ft/sec)
Clay 0-30 380
Clay 30-35 404
Clay 35-40 590
Clay 40 -50 530
Clay 50 -60 615
Clay 60-70 655
Sand 70-90 850
Sand 90-100 870
Clay 100 - 150 1,000 (assumed)

The matched time series were used as outcrop input motion applied at a depth of 150 feet.
71 Results of Nonlinear Ground Response Analysis

The results of the DEEPSOIL nonlinear analysis for the five input motions are presented on
Figures 11 and 12 present for the nonlinear total stress and effective stress analysis,
respectively using the upper bound shear wave velocities. These figures present the results for
each of the five input motions along with average of the results and the envelope of the results.
Figures 13 and 14 present similar results using the lower bound shear wave velocities.
Figure 15 presents the average results for the four sets of analyses. The envelope of the
results is used as the basis for the development of the recommended site-specific response.

7.2 Recommended Spectrum

Figure 16 presents a comparison of the spectrum for the envelope of the results and the
ARS curves from the ATC-35 report for site class E for M = 7.25 + 0.25 and the ARS from the
Caltrans web tool for Vo =150 m/s. The recommended smooth spectrum is presented as red
triangles on the figure. Digitized values of the recommended spectrum are presented in
Table 6.

LANGAN TREAODOWELL ROLLO
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TABLE 6

Recommended Ground Surface Spectrum
for Damping Ratio of 5 percent

Period
(seconds) S. (g)
0.00 0.300
0.10 0.500
0.20 0.680
0.30 0.800
0.40 0.850
0.50 0.875
0.60 0.900
0.70 0.950
0.80 1.000
0.90 1.140
1.00 1.145
1.10 1.150
1.20 1.155
1.30 1.1565
1.40 1.160
1.50 1.150
1.60 1.150
1.70 1.175
1.80 1.175
1.90 1.175
2.00 1.150
2.10 1.060
2.20 0.950
2.30 0.900
2.40 0.850
2.50 0.811
2.60 0.775
2.70 0.743
2.80 0.710
2.90 0.690
3.00 0.675
3.50 0.578
4.00 0.487
5.00 0.411
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We appreciate the opportunity to assist you on this project. |f you have any questions, please
call.

Sincerely,
Langan Treadwell Rollo

John Gouchon, G.E. Ramin Golesorkhi, Ph.D., G.E.
Principal/Vice President Principal/Vice President

731630801.01_RG_Pine Hill Road Report

Attachments: Figures 1 through 16
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Appendix K - Hydraulics Information
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Appendix L - Bridge Inspection Records Information System Report
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