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ACRONYMS AND ABBREVIATIONS

A Acceptable

ASTM American Society for Testing and Materials
cfs cubic feet per second

CGS California Geological Survey

DDR Design Documentation Report

EM Engineering Manual

ER Engineering Regulation

ETL Engineering Technical Letter

FEMA Federal Emergency Management Agency
FWHA Federal Highway Administration
FESWMS Finite-Element Surface-Water Modeling System
FIRM Flood Insurance Rate Map

FOUO For Official Use Only

ft footor feet

gpm gallons per minute

GPS Global Positioning System

H:V Horizontal:Vertical

in. inch or inches

ITR Independent Technical Review

1b Pounds

LIS Levee Inspection System

LSO Levee Safety Officer

M Minimally Acceptable

MLLW Mean Lower Low Water

MSL Mean Sea Level

n Coefficient of Roughness

NA Not Applicable

NAVDS&8 North American Vertical Datum of 1988
NCFCWCD  Napa County Flood Control and Water Conservation District
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NGS National Geodetic Survey
NSD Napa Sanitation District
NLD National Levee Database
NWWwW Walla Walla District
O0&M Operations & Maintenance
Project Napa River/Napa Creek Flood ProtectionProject
pcf pounds per cubic foot
PGA Peak Ground Acceleration
PI Periodic Inspection
PL Public Law
psf pounds per square foot
psi pounds per square inch
ROW Right-Of-Way
SGDM Supplemental General Design Memorandum
SPN San Francisco District
U Unacceptable
USACE United States Army Corps of Engineers
USGS United States Geological Survey
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PART 1 - EXECUTIVE SUMMARY

This Executive Summary provides the scope and purpose of the periodic inspection (PI), an
overview of the Napa River West, Hatt to 15 Street Floodwall System, a summary of the major
findings of the PI, and the overall levee system rating.

1.1 Scope and Purpose of Periodic Inspection

The purpose of the Napa River West, Hatt to 15t Street Floodwall System PI is to identify
deficiencies thatpose hazards to human life or property, and to determine design adequacy relative
to present day criteria. The inspection is intended to identify the issues in order to facilitate future
studies and associated repairs, as appropriate.

This assessment of the general condition of the Napa River West, Hatt to 15t Street Floodwall
System is only based on available data and visual inspections. Detailed investigation and analysis
involvinghydrologic design, topographic mapping, subsurface investigations, testing, and detailed
computational evaluations are beyond the scope of this PI.

1.2 System Summary

The Napa River/Napa Creek Flood Protection Project is a federally authorized, multiphase urban
project that was designed to provide 100-year level of flood protection and also referred to as the
1% annual chance of exceedance (ACE) flood event to the city of Napa, California. Herein, this
overall flood protection project will be simply be referred to as the “Project”. The Project spans
almost 7 miles of the Napa River from Trancas Streetto the Highway 29 crossing. The Napa River,
right bank system (System 0050) extends from First Street to Imola Avenue along the right bank
of the Napa River, a distance of about 1.38 miles. The Napa River West, Hatt Building to First
Street floodwall segment (Hatt to 1st Street Floodwall) extends from the Hatt Building to First
Street, a distance of about 0.34 miles. The remainder of the system downstream from the Hatt
Building has yet to be designed or constructed. This report covers only the Napa River West, Hatt
Building to First Street Floodwall segment of the flood protection project.

The entire flood protection project is within the city of Napa, California. This flood protection
system protects the city of Napa from the Napa River. The floodwall segment from the Napa River
West, Hatt Building to First Street, is identified hereinafter as “Hatt to 1st Street Floodwall” or
simply as the “Floodwall”. A general location map is shown in Figure 1-1.

The local sponsor is the Napa County Flood Control and Water Conservation District
(NCFCWCD). The U.S. Army Corps of Engineers (USACE) Sacramento District recently
transferred Hatt to 1st Street to NCFCWCD for long-term operation and maintenance. A final
inspection or Pl is required for the transfer of all levee/floodwall segments.

The Project was authorized by the Flood Control Act of 1965 (Public Law 89-298). Recreation
features were included as an allied purpose in the authorizing document, House Document 222,
89th Congress, 1st Session, and are also an authorized purpose for the Project. The recreational
elements within the Hatt to 1st Street Floodwall include 2700 feet of promenade, Veterans Park
and marshplain terrace covered with stone protection.
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1.3 Summary of Major Deficiencies

There were no major deficiencies that were observed by the inspection team or issues rated as
“unacceptable” for this PI.

1.4 Overall Rating

The overall rating of the Hatt to 1st Street Floodwall Segment is “acceptable” based on USACE
Levee Safety Program rating criteria and the results of this periodic inspection. The Floodwall
appears to have the ability to continue safe operation as a flood reduction system and function as
authorized. See Appendix B, Flood Damage Reduction Segment/System Inspection Report, and
Part 5 of this report for more information.
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: NAPA RIVER/NAPA CREEK
_Legend : FLOOD PROTECTION PROJECT

{not to scale)

Hatt to 1° Street
SRR NAPA RIVER SITE 2W - HATT TO
Qodwa 15T STREET FLOODWALL

i US ARMY CORPS OF ENGINEERS
LY San Francisco District

Figure 1-1: Location Map of the Napa River Hatt to 1st Street Floodwall System
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PART 2 - INSPECTION TEAM AND DATE OF INSPECTION

The followingsection contains a summary of general informationpertainingto the inspection team
and conditions during the PI of the Hatt to 1st Street Floodwall System. Theinformation presented
below was obtained through readily available data sources and is accurate and complete to the best
of our knowledge at the time of preparation of this report.

2.1 Inspection Team

The inspection team consisted of one representative from NCFCWCD and three representatives
from USACE. Mr. Jeremy Sarrow represented NCFCWCD and is their designated lead point of
contact for the Project. Mr. John Conway represented USACE San Francisco District and is the
Levee Safety Program Manager. Mr. Michael Franssen, USACE Walla Walla District served as
the inspection team lead, and has a background in Civil Engineering. Mr. Nathan DeLannoy,
USACE Walla Walla District, served as the inspection recorder and has a background as a Civil
Engineering Technician.

2.2 Date of Inspection
The PI was conducted on 22 July 2020

2.3 Weather During Inspection

The weather on the day of the PI was partly cloudy, with light winds and temperatures in the mid
to high 70’s (degrees Fahrenheit).

2.4 River Gauge or Elevation Readings During Inspection

The closest stream gage to the Hatt to 1st Street Floodwall System is USGS stream gage 11458000
the recorded gage height was approximately 1.97 feet (ft) during the PI, which results in no
apparent discharge on the Napa River.
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PART 3 - SYSTEN BACKGROUND INFORMATION

The following section contains detailed information pertaining to the Hatt to 1st Street Floodwall
relating to design and expected project performance. Additional information, including as-built
drawings, is in the appendices of this inspection report.

3.1 Project Description

The Hatt Building to 1st Street Floodwall is about 0.34 miles long, located in downtown Napa and
consists of floodwalls and associated features. The surrounding area is heavily developed with
business, local government offices, and housing units. Access to the segment floodwalls is by
walkways from Brown, Fifth, and Third Streets and Veteran’s Park. Major roadways that cross
the floodwall alignment are Third Street and First Street.

3.1.1 Project Type

The Project is a federally authorized urban flood protection project. The Project will be locally
operated and maintained after transfer to the local sponsor.

3.1.2 Authority

Construction of the local flood protection measures along the Napa River from Edgerly Island to
Trancas Street was authorized by the Flood Control Act of 1965 (Public Law 89-298). Recreation
features were included as an allied purpose in the authorizing document, House Document 222,

89™ Congress, 1° Session, and are also an authorized purpose for the Project. Napa Creck was
added to the Project authorization by the Flood Control Act of 1976 (Public Law 94-587).

3.1.3 Cost

The Operations, Maintenance, Repair, Replacement and Rehabilitation Manual for the Napa River
/ Napa Creek Flood Protection Project (USACE 2018) indicates that the Construction cost of the
CT 2West Hatt Building to 1st Street, floodwall segment was $35,872,136.. Herein, the manual
will simply be referred to as the “OMRR&R Manual”.

3.1.4 Completion Date

Construction of the CT 2West Hatt Building to 1st Street, floodwall segment was accomplished
under Contract No. W91238-05-C-0020 by R&L Brosamer, Inc. of Alamo, California during the
period from 2005 to 2008.

3.1.5 Public Sponsor

NCFCWCD is the public sponsor and will operate and maintain the Hatt to 1st Street Floodwall.
The point-of-contacts for NCFCWCD are referenced in Table 3-1.

5
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Table 3-1: NCFCWCD Points of Contact

Name Address Phone Email

Jeremy Sarrow | 804 First Street | (707)259-8204 | Jeremy.Sarrow@CountyofNapa.org
(Primary Point | Napa, California
of Contact) 94559-2623

Andrew Butler | 804 First Street | (707) 259-8671 Andrew.Butler@CountyofNapa.org
Napa, California
94559-2623

Richard 804 First Street | (707) 259-0407 | Richard. Thomasser@CountyofNapa.org
Thomasser | Napa, California
94559-2623

3.1.6 Location

The Napa River/Napa Creek Flood Protection Projectis located in Napa County, California, with
the majority of the project work occurring within the city of Napa. The limits of the Project start
at the State Highway 29 bridge over the Napa River and extends approximately 6.9 miles upriver
(north) to Trancas Street. The Project also includes approximately two-thirds of a mile of Napa
Creek starting at its confluence with the Napa River and extending upstream to Jefferson Street.
This flood protection project protects the City of Napa against flooding from the Napa River and
Napa Creek. This Periodic Inspection report only covers the CT 2West Hatt Building to First
Street, floodwall segment of the flood protection project, which is located on the left (west) bank
of the Napa River in downtown Napa. This segment is 0.34 miles long and consists of floodwalls
and associated drainage, irrigation, walkways, and ramp/stair facilities. The Hatt to First Street
Floodwall System (System 50) part of the Project is shown in Figure 3-1 below.

3.1.7 Potential Consequences

The Supplemental General Design Memorandum (USACE 1998) identified average annual flood
damages of $27,704,000 for the “largest floodplain” (1430 to 500-year) and $163,834,000 for the
“medium floodplain (65 to 50-year), in October 1997 dollars, for the Project. Herein, the
Supplemental General Design Memorandum will simply be referred to as the “SGDM”. Average
annual flood damages specific to the Hatt to 1st Street Floodwall system are not given in the
SGDM.
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Figure 3-1: Napa Levee Safety System Map

7

FOR OFFICIAL USE ONLY



NAPA RIVER HATT TO 13T STREET FLOODWALL SYSTEM PERIODIC INSPECTION
REPORTNO2

3.1.8 Investigations Prior to Construction

USACE, SACRAMENTO DISTRICT (OCTOBER 1998). Napa River/Napa Creek Flood
Protection Project, Supplemental General Design Memorandum (SGDM). This document presents
feasibility-level plans for the entire Napa River/Napa Creek Flood Protection Project and serves
as the project authorization document. The Geotechnical Appendix includes a detailed discussion
of regional geology and seismic sources, soil boring logs and laboratory test data as of the
document publication date, a general description of foundation conditions, preliminary values of
unit weight and shear strength, slope stability, preliminary floodwall design, and a preliminary
evaluation of liquefaction potential.

U.S. Army Corps of Engineers (USACE), Sacramento District (May 2005) Napa River/Napa
Creek Flood Protection Project, Contract 2 West Hatt Building to 1st Street, Geotechnical Design
Document Report (DDR).

The DDR is a detailed document covering only the Hatt to 1st Street Floodwall segment of the
flood protection project and serves as the document of record for the geotechnical design of this
segment. Included in the DDR are soil boring logs (from before and after the SGDM date),
laboratory testdata, a subsurfaceprofile, a descriptionofthe soiland groundwater conditions along
the floodwall alignment, floodwall foundation design details (deep and shallow), slope stability
analysis, seismic analysis using a PGA of 0.5g, dewatering, the impact of construction on nearby
structures, and settlement/vibration monitoring of nearby structures during construction.

The geotechnical evaluations included the following:
* Historical data collection and review.
* Field exploration program (SPT, CPT).
* Laboratory testing
* Data interpretation and site characterization.
* Shallow floodwall foundation design
* Deep floodwall foundation design
* Global slope stability of the floodwall system
* Seismic analysis
* Evaluation of construction impact on nearby structures
3.1.9 History of Remedial Measures

The Hatt to 1st Street Floodwall segment of the Napa River/Napa Creek Flood Protection Project
was constructed between 2005 and 2008. The only flood events experienced since construction
completion occurred in March 2011 and December 2012. No signs of distress were observed in
the floodwalls during or after the events. Due to the recent construction of this segment and the
lack of flood history since construction, no remedial measures have been performed on this
segment.

3.2 Description of Pertinent Features

The CT 2West, Napa River, right bank system currently consists of 1 segment; CT 2West
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Hatt Buildingto 1st Street, floodwall (or Hatt to 1st Street Floodwall). Accordingto the SGDM,
the Napa River/Napa Creek Flood Protection Project upstream of Imola Avenue protects
approximately 1,308 acres of urban and industrial development. No estimate of the area protected
specifically by the Hatt to 1st Street Floodwall segment is given in the SGDM. Flood protection
for the Floodwall segment is provided by a combination of floodwalls, concrete walkways,
concrete planter areas and a stop-log closure.

3.2.1 Cantilever Floodwall

The floodwall (inverted cantilever-wall founded on cast-in-drilled-hole (CIDH) piles) begins at
the south (downstream) end of the project at the Hatt building. The concrete walkways attached
to the wall have been constructed to an elevation to provide the necessary protection at key
locations where floodwaters may outflank the beginning of the wall. The floodwall continues
north around the Napa River Inn at the Hatt complex to 5th Street, where the primary floodwall
separates into lower (I-wall) and upper (inverted cantilever-wall) walls with a pedestrian
promenade behind the upper wall and a pedestrian walkway behind the lower floodwall. There is
a concrete stairway over the floodwall at the terminus of 5th Street allowing pedestrians access
from the upper to lower promenade. The elevation of the upper promenade has been set above the
100-year design flood elevation. Upper and Lower floodwalls continue from Sth Street to the 3rd
Street Bridge. A break in the upper floodwalls between 5th and 3rd Streets provides pedestrian
stairs and ramps to access the lower promenade and river docks. The top of the ramps and stairs
have been constructed above the 100-year design flood elevation. The upper wall and promenade
continue north to and connects with the 3rd Street abutment providing flood protection.
Approaching the 3rd Street Bridge, the lower promenade passes beneath the 3rd Street Bridge and
will be flooded during the 10-year event and greater. See Figure 3-2 for a typical cross section of
the floodwall.

3.2.2 Veteran’s Park

Justnorth of the 3rd Street Bridge is Veteran's Park. The lower floodwall (I-wall) is the primary
line of flood protection for 10-year and lesser flow events. Veteran’s Park consists of a terraced
amphitheater with vehicular and pedestrian access along the south side of the amphitheater, just
north of the 3rd Street Bridge. The vehicle/pedestrian ramp is constructed at a crest elevation
exceeding the 100-year flow event. This ramp connects the park with Main Street to the west and
the lower promenade trail to the east.

3.2.3 Concrete Seat Walls

The concrete seat walls along the upper terrace have been constructed to an elevation that exceeds
the 100-year flood event. Immediately west of the amphitheater is an ADA accessible pedestrian
ramp with access to Main Street and the lower promenade. This ramp does not meet the 100-year
flow eventand has been outfitted with a Stop Log structure to be installed during high water events
to prevent floodwater from flowing onto Main Street at this location.
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Figure 3-2: Typical Cross-Section (Type C Modified) of the Floodwall

3.3 Topography, Geology, Seismicity, and Groundwater

The topographic, geologic, and foundation conditions forthe Hatt to 1st Street Floodwall System
are characterized inthe SGDM, the USACE (2005) Geotechnical Design Document Report and the
as-built drawings (USACE 2006 and 2007). They are summarized below. The Napa Dry Bypass
DDR (USACE 2011) also discusses seismic analysis and some of the information from that report

is included in the following.
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3.3.1 Regional Geologic Setting, Site Specific Geology, and Topography

The Project is located in the Coast Ranges Physiographic Province, which is composed of the
Southern Coast Ranges and Northern Coast Ranges, extend to the Great Valley Province to the
east, the Pacific Ocean to the west, the Klamath Mountains Province to the north, and Transverse
Ranges in the south. The Northern Coast Ranges Physiographic Province typically trend parallel
to the California coastline with north-to-south trendingmountain ranges and valleys, including the
Napa Valley. The Northern Coast Ranges are dominated by extensive hills with landside
characteristics from the Franciscan Complex. In several areas, Franciscan rocks are overlain by
volcanic cones and flows of the Quian Sabe, Sonoma, and Clear Lake volcanic fields (Califomia
Geological Survey [CGS]2002).

The Napa Valley is a northwest-trending with the Napa River flowing south through the Napa
Valley and into San Francisco Bay. The valley is bounded to the west by sedimentary rocks of the
Late Jurassic/Early Cretaceous Franciscan Formation and Late Jurassic to Cretaceous Great Valley
Formation. To the north and east, the valley by overlying Pliocene and early Miocene volcanic
rocks (United States Geological Survey [USGS], 2006). The valley floor is covered by alluvium
and older alluvium composed of sediment derived from both sides of the valley.

3.3.1.1 Seismicity

The Napa Valley is in an area containing many active fault zones. Major faults in the area are the
San Andreas (capable of producing an earthquake of magnitude 8.25), Hayward (capable of
producing an earthquake of magnitude 7.5), and Concord (capable of producing an earthquake of
magnitude 6.5) faults. The (smaller) faults closest to the project are the Soda Creek (capable of
producing an earthquake of magnitude 6.25) and West Napa (capable of producing an earthquake
of magnitude 6.5) faults, located on the east and west edges of the Napa Valley respectively. A
design peak ground acceleration (PGA) of 0.5g was selected for the project (USACE 1998
Paragraph 18.2.5) Soils along the Napa River in the area of the Hatt to 1st Street Floodwall
segment are shown as having a high liquefaction potential on the Liquefaction Susceptibility
Map, Napa, California.

Accordingto the Napa Dry Bypass DDR, an estimated peak ground acceleration of 0.27g was
estimated fora 100-year event (estimated magnitude 6.7) from the 2008 Probabilistic Seismic
Hazard Analysis (PSHA) USGS model. This peak ground acceleration was used for the seismic
evaluation of the Dry Bypass and is appropriate for the other Napa River Flood Protection
Project features.

On August 24, 2014, the Main Street USGS Station NO16 measured a 6.0 magnitude earthquake,
9.1 miles from the epicenter, with a peak ground acceleration of 0.61g. This monitoring station is
within 1 mile of the Hatt to 1st Street Floodwall System. (Strong-Motion Center 2016).

3.3.1.2 Groundwater Conditions

The various exploratory programs performed for the Project indicate that the groundwater
elevation for the Hatt to 1st Street Floodwall system varied between 14 and 20 feet below ground
surface (USACE (2005) Geotechnical Design Document Report). Groundwater levels are expected
to vary depending on time of year, rainfall, river stage, and irrigation/pumping activities.
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3.3.2 Subsurface Investigation and Foundation Conditions

The Hatt Building to 1st Street Geotechnical Design Document report (USACE 2005) is a detailed
document describing the foundation conditions and the geotechnical design of all the elements in
the Floodwall segment. Included in the document are soil boring logs, laboratory test data, a
subsurface profile, a description of the soil and groundwater conditions, floodwall foundation
design details (deep and shallow), slope stability analysis, seismic analysis, dewatering, the impact
of construction on nearby structures, and settlement/vibration monitoring of nearby structures
during construction.

The soil borings within the Floodwall segment indicate a soil profile of 20-22 feet of silts, sandy
clays, and clayey sands of medium plasticity, underlain by 8 to 30 feet of a dense clayey sand and
gravel,underlain by 12 to 36 feetof clay and sandy clay of medium to occasionally high plasticity,
underlain by 8 to 10 feet of dense clayey sand and gravel, underlain by lean clay. The upper dense
clayey sand and gravel is thicker at the downstream end of the segment and the “middle” fine-
grained layer is thicker at the upstream end of the segment. Clays in the Napa Valley are
overconsolidated with a typical overconsolidation ratio (OCR) of 2.

3.3.3 Floodwall Design and Construction

Referencing the USACE (2005) Geotechnical Design Document Report, section 6.2.4 states the
following: “MGE submitted calculations of the wall loadings, design values, and deflections in
each of their submittals. The final values are in the Structural Design Calculations (100%
Submittal) report (reference 6). For hydraulic structures, EM 1110-2-2502 (Reference 3)
recommends the use of the coefficient of earth pressure at rest (K,) rather than the active earth
pressure coefficient (K) for calculating horizontal soil pressures on retaining and flood walls.
This is because hydraulic structures are often critical features, and since K, is greater than K4, the
calculated loadings will be higher, resulting in a more conservative design. For each wall type,
the station with the greatest free wall height was chosen for design. The soil and water loadings
were calculated for four different cases: end-of-construction, long-term with no flood, long-term
with a flood, and long-term with an earthquakeand no flood. The case which producedthe highest
loadings was selected for structural design purposes. The small passive wedge above the bottom
of the soldier pile wall was ignored in all the calculations, simulating erosion at the toe of the wall.
A rapid drawdown case was not examined because rapid drawdown conditions are highly unlikely
to develop in this project. The 100-year hydrograph for the Napa River indicates the river level
rises and falls relatively quickly (2 days). The vertical concrete wall faces, the pavements on the
upper and lower promenade, and the trench drains will reduce water infiltration into the soils
behind the retaining walls. The lower wall has a drainage system consisting of a geocomposite
drainage net, gravelly sand structural backfill, and a collector pipe surrounded in gravel with weep
holes about 1 foot above the mean high tide water level. Any excess water that infiltrates the
backfill material will drain relatively quickly.”

3.3.4 Hydrologic/Hydraulic

The Napa River Basin lies in California’s Central Coast Mountain Range, draining 426 square
miles in Napa and Solano County. The headwaters of the basin are on the southeast slope of Mount
Saint Helena. The basin is approximately 50 miles long and 10 miles wide (USACE 1998).
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3.3.5 Past Project Performance

The Hatt to 1st Street Floodwall segment of the Napa River/Napa Creek Flood Protection Project
was constructed between 2005 and 2008. The only flood events experienced since construction
completion occurred in March 2011 and December 2012. The maximum recorded river level was
22.6 feet NGVD 29 onMarch 20,2011 at the USGS stream gage1 1458000, located approximately
5 miles upstream of the Hattto 1st Street Floodwall segment. This correspondsto a flow of 12,290
cubic feet per second (cfs) and a return period of just under 3 years. The recorded river stage on
December 2, 2012 was 23.75 feet NGVD 29, corresponding to a flow of 10,802 cfs. The recorded
river stage on December 24, 2012 was 23.83 feet NGVD 29, corresponding to a flow of 13, 509
cfs. The December 24,2012 event corresponds to a return period of about 3 years. The largest
flow recorded at this gage was 32,580 cfs in March 1995, which corresponds to a return period of
about 70 years. No signs of distress were observed in the floodwalls during or after the event.
Due to the recent construction of this segment and the lack of flood history since construction, no
remedial measures have been performed on this segment. Flood Insurance Study

The Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM)
06055C0516F covers the Hatt to 1st Street Floodwall System. Both FEMA FIRMs indicate that
area behind the Hattto 1st Street Floodwall System is classified in the Zone X floodplain. The Zone
X floodplainis defined by FEMA as areas subject to inundation by the 0.2% annual chance (500-
year) flood event. However, the map was last updated in September 2010, prior to construction of
the Dry Bypass. Itis anticipated that a revision to the map would indicate the area be only within
Zone AE. The Zone AE floodplain is defined by FEMA as areas subjected to inundation by the
1% annual chance flood event.

3.4 Previous Periodic Inspection Findings

The previous periodic Inspection was performed in 2013 by the Sacramento District (SPK). The
inspection assessed the ability of each feature and overall system to function as authorized with
respect to hydraulic and geotechnical issues. The 2013 PI found the overall system to have the
ability to continue safe operations as a flood reduction system.

The floodwalls associated with the segment were inspected on 20 July 2011 by a team from SPK
and the San Francisco District (SPN). NCFCWCD has been performing basic maintenance of the
floodwalls. The following items were noted during the inspection:

e Vegetation growth was present at several locations for most of the floodwall segment.
The growth was generally on the face of the floodwall and in the vegetation free zone
(VFZ). A majority of the vegetation was designed to be a part of the project and should
be maintained per the OMRR&R Manual.

e Minor separation was found along the edge of a few pilasters in the lower wall and the
connection between the sidewalk and back of the lower wall in the Veteran’s Park Area.
These separations are currently being monitored by the Sponsor and have not shown
signs of continued movement.
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3.5 References

Below is a list of references that are used in this report. Note: these do not include the USACE
design references (such engineering manuals and engineering regulations) that are included at the
end of Part 4 of this report.

e American Society of Testing and Materials (ASTM), 2012. D1557-12el, Standard Test
Methods for Laboratory Compaction Characteristics of Soil Using Modified Effort
(56,000 fi-Ibf/ft3 (2,700 kN-m/m3)), ASTM International, West Conshohocken, PA.

e California Geologic Survey (CGS). 2002. Note 26 California Geomorphic Provinces, by
the California Department of Conservation, revised December 2002.

e California Geologic Survey (CGS). 2004. Geologic Map of the Napa 7.5' Quadrangle,
Napa County, California: a Database Version 1.0 By Kevin B. Clahan, David L. Wagner,
George J. Saucedo, Carolyn E. Randolph-Loar, and Janet M. Sowers. Digital Database
by: Carlos 1.

e Gutierrez.U.S. Geological Survey (USGS). 2006. Scientific Investigations Map 2918,
Geologic Map of the San Francisco Bay Region by R W. Graymer, B.C. Moring, G.J.
Saucedo, C. M. Wentworth, E.E. Brabb and K.L. Knudsen.

e Jennings, C.W., and Bryant, W.A., 2010. Fault activity map of California: California
Geological Survey, Geologic Data Map No. 6, Map Scale 1:750,000.

e Strong Motion Center, 2016. CESMD, Information for Strong-Motion Station, Main St,
Napa, CA, USGS-NCSN Station NOI6. http://www.strongmotioncenter.org/cgi-
bin/CESMD/stationhtml.pl?station]D=NCNO01 6&network=NCSN

e U.S. Army Corps of Engineers (USACE), 1998. Napa River/Napa Creek Flood
Protection Project, Final Supplemental General Design Memorandum.

e U.S. Army Corps of Engineers (USACE), Sacramento District, 2005. Napa River/Napa
Creek Flood Protection Project, Contract 2 West Hatt Building to First Street,
Geotechnical Design Document Report.

e U.S. Army Corps of Engineers (USACE), 2014. Napa River/Napa Creek Flood
Protection Project, Napa, California — Contract 2 East Geotechnical Design Document
Report.

e U.S. Army Corps of Engineers (USACE), 2011. Napa Dry Bypass Plans and
Specifications for the Napa River Flood Protection Project, Napa, California — 100%
Design Submittal Design Documentation Report. Prepared by McMillen.

e U.S. Geological Survey (USGS), 2019. Napa River, Near Napa, California Stream Gage.
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PART 4 - DESIGN CRITERIA REVIEW

Design for the features in the Contract 2 West Hatt Building to First Street portion of the Napa
River/Napa Creek Flood Project began in 2004 and was complete in 2005. Geotechnical Design
was performed by the US Army Corps of Engineers, Sacramento District. Structural and Civil
Design was performed by MGE Engineering, Inc., of Sacramento, California. Landscape and
Electrical Design was performed by The HLA Group of Sacramento, California.

The inspection team reviewed the documentation referenced in the Introduction section and
evaluated the levee system’s documented design criteria against current design criteria. The
purpose of the evaluation is to assess the ability of each feature and overall system to function as
authorized and identify potential needs to update system design. The results of the design criteria
review demonstrate no concerns with the design and specifics for each feature are described in the
following sections.

4.1 Geotechnical

The Geotechnical Design Document Report by the Army Corps of Engineers, Sacramento District
(May 2005) provides detailed geotechnical analyses for the Hatt to 1st Street Floodwall segment.
The Sacramento District performed slope stability, shallow foundation bearing capacity, CIDH
pile axial capacity, and filter analyses for the design of the floodwalls at the project design flood.
Seepage analysis was not conducted because the Hatt to 1st Street Floodwall floodwalls will have
no differential head across them at the project design flood and will have 0-3 feet (average 2 feet)
of differential head across them when the water is at the floodwall crest elevation. The upper
“pervious” subsurface layer is a silty/clayey sand and gravel with 9-45 percent fines (i.e.
semipervious). The project design hydrograph shows a flood duration of 4 days. Given the low
differential head across the floodwalls, the short duration of flood events, the lack of a highly
pervious subsurface layer, and the impermeable nature of the concrete floodwalls, seepage is not
expected to be a problem with this segment. Settlement analyses was also not conducted because
the claysin the Napa area are overconsolidated. The additional loadings supplied by the floodwalls
are lower than the preconsolidation pressure of the clays, so settlements are expected to be less
than one inch.

4.1.1 Soil Investigations

The subsurface investigation and laboratory testing program supporting the project basis ofdesign
is summarized in Part 3. The following paragraph was taken from Contract 2 West Hatt Building
to 1st Street GDDR (USACE 2005), section 2.0.

At the time of the SGDM preparation, Soil Design section had the following explorations in the
Hatt to 1st contract area, from south to north: 2F-90-29, 2F-30 (just south of the Napa Mill); 2F-
94-14 (just north of the Napa Mill); 2F-29, CPT-94-2, and 2F-94-15 (near the Third Street bridge).
For plans and specifications, more subsurface information was needed, so the following deep
explorations were conducted by the Corps: 2F-03-3, 2F-03-4, 2F-04-51 (from a barge in the Napa
River near the Napa Mill); 2F-03-5, 2F-03-6, 2F-03-7 (between Fifth Street and Third Street); and
2F-03-8 (in the parking lot north of Downtown Joes). Numerous shallow exploration logs at the
Napa Mill, many conducted for an environmental assessment, were obtained from Raney
Geotechnical. Two boring logs for the construction of the Third Street Bridge (B-3 and B-4) were
obtained from AGS, Inc.
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EM 1110-2-1913 states that Phase 1 spacing for borings usually varies from 200 to 1,000 ft. In
Phase 2, additional locations of borings are selected based on Phase 1 results. EM 1110-2-1913
also states that borings should be drilled to depths at least equal to the height of the proposed levee
at its highest points but not less than 10 ft. The level of investigation is compliant with a Phase 2
exploration and testing parameters describedin EM 1110-2-1913.

4.1.2 Slope Stability

The global slope stability of the dual-wall floodwall system was evaluated with the UTEXAS4
computer program using a composite section of the tallest walls combined with the weakest
subsurface soil profile. The conditions evaluated were end of construction, long term with no
flood, long term with the design flood, and earthquake. The rapid drawdown condition was not
evaluated because rapid drawdown conditions will not develop at the floodwalls. The concrete
walls will block river water infiltration into the soils behind the walls and, as stated previously, the
floodwalls have low differential head, no highly pervious subsurface soil layer, and short duration
flood events. The Corps of Engineers has no criteria for global stability of retaining/flood walls,
so the criteria for levees and for base sliding of flood walls was used to evaluate the factors of
safety. The levee slope stability factor of safety criteria is given in EM 1110-2-1913, Design and
Construction of Levee, dated 30 April 2000. The base sliding factors of safety criteria are given
in EM 1110-2-2502, Retaining and Flood Walls, dated 29 September 1989. The levee and base
sliding criteria have not changed since the floodwalls were designed. The following table shows
the slope stability factors of safety for the floodwalls. The lateral loading on the piles was
evaluated by the civil/structural A/E firm usingthe LPILE computer program. The LPILE analysis
confirmed that the piles can withstand the lateral loads without a shearing failure and without
sufficient deformation to negatively impact the axial capacity of the piles.

Table 4-1: Results of Slope Stability Analysis

Condition F.S. (Calculated) Minimum F.S. (Base Minimum F.S.
Sliding) (Flood Control Levee)
End of Construction 1.89 1.33 1.3
Long Term 2.65 1.5 None Listed
Long Term w/ Flood 4.80 1.5 1.4
Earthquake 1.22 1.1 None Listed

(1.1 Typically Used)

4.1.3 Seismic

ER 1110-2-1806 outlines current USACE seismic design practice. There are three levels of design
earthquakes and ground motions mentioned in £ER 1110-2-1806:

e Maximum Credible Earthquake (MCE) is the greatest earthquake that can reasonably be
expected to be generated by a specific source on the basis of seismological and geological
evidence. The MCE is determined by a Deterministic Seismic-Hazard Analysis (DSHA).

e Maximum Design Earthquake (MDE) is the maximum level of ground motion for which
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a structure is designed or evaluated. The associated performance requirement is that the
project performs without catastrophic failure, although, severe damage or economic loss
may be tolerated. For critical features, the MDE is the same as the MCE. For all other
features, the MDE shall be selected as a lesser earthquake than the MCE that provides
economical designs meetingappropriate safety standards. EM 1110-2-2100 describes this
earthquake as generally havinga 10% probability of exceedance in 100 years, or a 950-
year return period.

e Operating Basis Earthquake (OBE) is an earthquake that can reasonably be expected to
occur within the service life of the project, that is, with a 50% probability of exceedance
within its service life of 100 years (a 144-yearreturn period). The associated performance
requirement is that the project should function with little or no damage, and without
interruption of function. The OBE is determined by a PSHA.

A reevaluation of the seismic design criteria mightbe required if a modification to a project feature
also changes the loading of the same projectfeature orif it would change the normal water surface
elevation. If no changes occur, a reevaluationof the seismic design criteria is recommended every
third Pl or every 15 years, whichever comesfirst. The seismic design criteriain the DDR (USACE
2011) is within recommended timeframe shown in ER 1110-2-1806 and seismic events (e.g. 6.0
magnitude earthquake on August 24,2014) after construction should be evaluated during the next
reevaluation phase.

4.1.4 Bearing Capacity

The bearing capacity of the shallow foundation of the upper wall (T-wall) was analyzed in
accordance with EM 1110-1-1905, Bearing Capacity of Soils, dated 30 October 1992. A Factor of
Safety of 3.0 was used to determine the allowable bearing capacity. EM 1110-2-1905 gives a
minimum factor of safety of 2.0 for cohesionless soils and 3.0 for cohesive soils. EM 1110-2-
2502, Retaining and Flood Walls, dated 29 September 1989 gives different minimum bearing
capacity factors of safety for various loading conditions, but the maximum listed is 3.0. The
shallow foundation bearing capacity criteria have not changed since the floodwall was designed.

4.1.5 Cast-in-Drilled-Hole (CIDH) Pile Axial Capacity

Axial capacity of the CIDH piles on which the lower wall was founded was calculated using 4
different references (EM 1110-1-1905, Bearing Capacity of Soils, dated 30 October 1992; Federal
Highway Administration FHWA-IF-99-025 Drilled Shafts: Construction Procedures and Design
Methods, dated August 1999; NAVFAC DM 7.2, Foundations and Earth Structures, dated
September 1986; and Engineering Manual for Drilled Shafts, Virginia Polytechnic Institute and
State University, August 1992.). The four calculated capacities were averaged for the design
ultimate capacity. A Factor of Safety of 3.0 was used to determine the allowable axial capacity.
All references used recommend a Factor of Safety of 3.0 for axial capacity when the capacity is
not checked with a pile load test. The Federal Highway Administration Manual has been updated
since the CIDH piles were designed, but the axial capacity factor of safety is unchanged.

4.1.6 Liquefaction

Most of the SPT N-values obtained in the sand and gravel layers are above 30, indicating the soils
are extremely unlikely to liquefy during an earthquake. A few zones of lower SPT N-values do
exist. A liquefaction analysis using the simplified procedure of Seed and Idriss was conducted.
Results are given in Appendix 2 of the DDR. This analysis showed there is no potential for
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liquefaction in the sand and gravel layers in the project area.
4.1.7 Sliding and Overturning

For the floodwalls resting on soil, an overturning factor of safety of 1.5 was maintained for all of
the load cases. For the sliding analyses, a minimum FOS of 1.3 was employed for the flood cases,
1.5 was instituted forthe non-flood events, anda 1.1 minimum was the standard for seismic events.
The maximum allowable bearing capacity of 2 kst was not exceeded, even though the allowable
bearing capacity amplifications permitted in seismic loading conditions were excluded. All of
these factors met or exceed those required from EM 1102-2-2502. Reference Structural Design
Calculations Contract Number DACWO05-01-D-0011 (MGE 2005).

4.2 Structural

A Final Supplemental General Design Memorandum dated October 1998, along with a
document entitled Soldier Pile and Sheet Pile Wall Load Conditions & Load Diagrams, provided
the structural design criteria for the Hatt Building to First Street segment of the Napa Valley
Flood Control Project floodwalls. These documents appear to be project specific interpretations
of Engineering Manual (EM) 1110-2-2502, Retaining and Flood Walls. In general, EM 1110-2-
2502 instructs the designer to select applicable load cases from the following conditions: the
design flood event, a typical non-flood event with water on the unprotected side of the floodwall,

a seismic event and the construction event. All of these load cases are considered for the project
floodwalls. For the floodwalls anchored to CIDH piles, the criterion set forth in EM 1100-2-
2100, Stability Analysis of Concrete Structures was applied.

4.2.1 Concrete Structures

Flood protection for the Hatt to 1st Street Floodwall segment is provided by a combination of
floodwalls, concrete walkways, concrete planter areas and a stop-log closure.

4.2.1.1 Concrete Strength

EM 1110-2-2007 states that concrete shall have a minimum compressive strength (f°c) of 3,000
pounds per square in. (psi) at 28-days. Section 2 of the DDR (MGE 2005) shows that the concrete
strength used was 4,000 psi. The concrete compressive strength meets the current design criteria.

4.2.1.2 Reinforcing Steel Strength

EM 1110-2-2104 & EM 1110-2-2007 state that reinforcingsteel should be limited to ASTM A615
(Billet Steel), Grade 60. The detailed calculations in the Structural Design Calculations Contract
Number DACW05-01-D-0011 (MGE 2005) show thata steel yield strength of 60,000 psi was used
for the design of the reinforced concrete structures in accordance with the current requirements
recommended in EM 1110-2-2104 & EM 1110-2-2007.

4.2.1.3 Temperature and Shrinkage Reinforcing

EM 1110-2-2104 states that the area of temperature and shrinkage reinforcement steel should be
atleast 0.003 times the gross cross-sectional area of the concrete, with half in each face. Generally,
temperature and shrinkage reinforcement for thin sections should be no less than the equivalent of
#4 bars spaced at 12 in. on center. The as built construction drawings for Hatt to 1st Street
Floodwall show that sufficient reinforcement-to- concrete area proportion was provided to ensure
the concrete will be well confined and to prevent excessive temperature and shrinkage cracks. The

18
FOR OFFICIAL USE ONLY



NAPA RIVER HATT TO 13T STREET FLOODWALL SYSTEM PERIODIC INSPECTION
REPORTNO2

maximum spacingobserved for the #5 reinforcement bars was 12 in. and meets the required design
criteria specified inthe EM 1110-2-2104.
4.2.1.4 Splices for Reinforcement

Figure 4-1 below was taken from the Hatt to 1st Street Floodwall As-Built drawings and shows
splice values for different bar sizes used in construction.

GENERAL STRUCTURAL NOTES

1. ALL EXPOSED CORNERS AND EDGES SHALL BE CHAMFERED 3/4" AND ALL REENTRANT
CORNERS, EXCEPT WALL TO FLOOR UNLESS NOTED OTHERWISE. CONSTRUCTION SHALL
HAVE A 3/4" FILLET UNLESS NOTED OR SHOWN OTHERWISE.

2. ALL REINFORCEMENT SPLICES UNLESS NOTED OTHERWISE SHALL BE AS FOLLOWS;

BAR SIZE| LAP SPLICE (IN.)
19
24
29
34
38
43
48

o|O|oa|~|c|un]|s

-—

Figure 4-1: Lap Splice Lengths
4.2.1.5 Hooks and Bends

EM 1110-2-2104states thatall hooks and bends should follow the guidelines providedin ACI318.
The general notes on the structural detail as-built drawing (USACE 2008 [sheetS- 100]) indicates
that all hook lengths are per ACI standards, which indicates that the hooks and bends meet the
current requirement.

4.2.1.6 Bar Spacing

EM 1110-2-2104 states that the minimum clear distance between parallel bars should not be less
than 1-1/2 times the nominal diameter of the bars nor less than 1-1/2 times the maximum size of
coarse aggregate. The Maximum center-to-center spacing of both primary and secondary
reinforcement shouldn’t exceed 18 in. Structural details of the reinforcement bars shown on the
as-built drawings (USACE 2008) indicate that all parallel bars were spaced with a minimum
clearance of 6 in and a maximum of 18 in.

4.2.1.7 Minimum Reinforcement Cover

EM 1110-2-2104 and EM 1110-2-2007 state thatreinforcementshould be placed in such a manner
that the steel will have a minimum cover of 3 in. EM [1110-2-2007 further expands for paving
subjected to high-velocity flow orheavysand scouringshouldbe increased to provide 4 in. of clear
cover. The minimum reinforcement cover utilized in the Hatt to 1st Street Floodwall structural
features compared against the currentminimum reinforced coverrequiredin EM 1110-2-2104, EM
1110-2-2007and ACI 318-08 are shown in Table 4-4.
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Table 4-2: Minimum Reinforcing Concrete Cover
Current
Requirement type Design System Documentation
Criteria
e floodwall footing has a 4 1n.
The floodwall footing has a 4 i
. . clear cover per the as-built drawings
Unformed ;gflfri({;;(:ﬁ contact with 4 in. (sheet S-107). This meets the current
' design criteria.
Formed and screened surfaces such as N/A
stilling basin walls, chute spillway
slabs, 4in
and channel lining slabs on grade; ’
Equal or greater than 24 in. of thickness
N/A
Greater than 12 in. and less than 24 . of
thickness 3 in.
No clear cover less than 2 in. was
Per AC] provided on all concrete structures
Equal or less than 12 in. of thickness 318, min acgordlng to the detglls on the as-
of built drawings, consistent with the
5 in current design criteria.

4.2.1.8 Minimum Thickness of Walls

EM 1110-2-2502and EM 1110-2-2007 state, “The top thickness of the stem for a cantilever wall
or concrete walls more than 8 fttall and for the base slab should be a minimum of 12 in. to facilitate
concrete placement.” Floodwalls more than 8 ft tall have a base slab thickness between 12 in. and

201in. and are compliant with the currentdesign criteria. All the footingsare 12 in. thick or greater
per the as-built drawings (USACE 2008 [sheets S-107, S-110,and S-110A]).

4.2.1.9 Seismic Design

In accordance with the requirements in EM 1110-2-2104 and ER 1110-2-1150, seismic loading
was considered during the design. For each wall height, the design assumed backfill to be at the
final elevation with Wall 1 when the earthquake loading was applied. The detailed calculations in
Structural Design Calculations (100% Submittal (MGE 2005) show that the seismic force was
applied to the land side of the floodwall face.
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4.2.2 Floodwall Joint

EM 1110-2-2502 states that expansion joints are needed to prevent spalling, displacement,
buckling and warping and sometimes to break continuity between two monolith structures with
different configurations. Per the as-built drawings (USACE 2008 [sheet S-100]), expansion joints
with pre-molded joint fillers were provided between the floodwalls that have different height and
depth configurations consistent with the requirements. The reinforcement bars were discontinued
at the jointand polyvinylchloride waterstops with sealants were also provided per the requirement
of the EM 1110-2-2502. EM 1110-2-2502 also requires that contraction joints be provided to
regulate crackingand be spaced at a minimum from 20 to 30 ftapart. The contraction joints along
the floodwalls were spaced at 24 ft intervals per the as-built drawings and are in accordance with
the current design criteria.

4.2.3 Subdrainage Structures

Per EM 1110-2-2502, all inland floodwalls should be provided with a landside toe drain. The
details on the structural as-built show floodwall toe drainage was provided.

4.3 Hydrologic/Hydraulic
4.3.1 Design Capacity

The Napa River/Napa Creek Flood Protection Project, which includes the Hatt to 1st Street
Floodwall System, is designed to provide protectionto the city of Napa forthe 1% annual chance
of exceedance event. The current design-flood peak discharge for projects is based on the project-
specific National Economic Development plan, as specified in ER 1105-2-100. Section 4.5 of the
Napa River/Napa Creek Flood Protection Project OMRR&R Manual contains a table showing a
1%-event discharge 0f 42,410 cfs for the reach of Napa River that includes the Contract 2W
Floodwall .

4.3.2 Hydraulic Analysis

Accordingto the Napa River/Napa Creek Flood Protection Project OMRR&R Manual, the amount
of distance between the top of the floodwall and the design profile (design profile distance) to be
provided on levees, floodwalls, and incised channels was determined based on the uncertainties
inherent in the water surface profile computations. The design profile distance adheres to USACE
ETL 1110-2-299, “Overtopping of Flood Control Levees and Floodwalls” for providing
superiority. For the Napa Project, the design profile distance was set above the base water surface
profile based on an increase in the hydraulic head loss parameters. The design profile distance
assumed channel configurations, sediment deposition, and bridge debris loading.

An analysis was conducted in August 2008 to evaluate the Napa River/Napa Creek Flood
Protection Project’s ability to contain the 1% eventbased on risk and uncertainty methods, in order
to meet FEMA certification requirements. The memorandum forrecord for this analysis stated that
the top of feature profile was developed using the superiority concept after the sponsor expressed
the desire to have low floodwalls and levees while still having a high performing flood control
project. The top of protection profiles was set based on the superiority concept with a minimum of
freeboard of 2.0 feet. (EM 1110-2-2502, “Retaining and Flood Walls,” recommends freeboard
default values of 2 feet on agricultural and 3 feet on urban flood walls.)
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Current USACE guidance provided in ER 1105-2-101, “Risk Analysis for Flood Damage
Reduction Studies” (USACE, 2006), states that all flood damage reduction studies will adopt risk
analysis. The Napa River/Napa Creek Flood Protection project had a waiver from the requirement
to do risk analysis at the time the SGDM (USACE, 1998) was prepared and the initial portions of
the project were designed and constructed (2000 to circa 2006). That waiver was removed and the
August 2008 analysis evaluated the Project’s 1% event performance with risk and uncertainty
taken into consideration, and concluded that based on information available at the time, floodwall
and levee features built to date met minimum top of feature elevation for FEMA certification.
Index Point 3, at Main Street Landing (River Station 769+00) had a 1% event conditional
nonexceedance probability (CNP) of 96.1% with 2.7 feet of freeboard, while Index Point 4,
upstream of the Third Street Bridge (Station 773+00), had a 1% CNP of 98.32% with 3.3 feet of
freeboard. Both locations meet the National Flood Insurance Program levee system evaluation
requirements for 1% annual chance exceedance flood assurance specified in EC 1110-2-6067,
“USACE Process for the National Flood Insurance Program (NFIP) Levee System Evaluation.”
(USACE, 2010).

Appendix H, Section 4.1 of the OMRR&R Manual states that the high tide elevation within the
floodwall project limits is approximately 3.77 feet NGVD29, well below all floodwall
improvements, and that tidal influence is not expected to have significant impact on the
performance of the floodwall improvements. The project, however, hasnotbeen evaluated for sea-
level change in accordance with EC 1165-2-212, “Sea-Level Change Considerations for Civil
Works Programs.” (USACE, 2011)

The floodwalls have been constructed with an independent subdrain and surface drain system. The
subdrain system was designed to relieve hydrostatic pressure on the landside of the floodwall,
while various surfaces have been designed to allow efficient runoff collection within the surface
drainage system. Detailed descriptions of the drainage facilities associated with the Contract 2W
Floodwall is provided in Appendix H of the OMRR&R Manual, under Sections 8.6 and 8.7.

4.4 Survey Datum

The floodwalls were surveyed during construction for measurement and payment purposes and
that survey is reflected in the as-built drawings. The NGVD 29 vertical datum was used for the

design and construction of this segment. A survey to determine the conversion between
NGVD29 and NAVDS88 datums has not been completed as required in ER 1110-2-8160 Policies
for Referencing Project Evaluation Grades to Nationwide Vertical Datums

4.5 Design Criterial Review Conclusions

Based on the findings of the design criteria review, each feature and the overall system appear to
be able to function as originally authorized.
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PART 5 - INSPECTION FINDINGS AND EVALUATIONS

The PI was conducted on 22 July 2020. Table 5-1 shows the key team members and the role each
assumed during the PI. The inspection team lead was Mr. Michael Franssen.

Table 5-1: List of Key Inspection Staff

Title Name
Local Sponsor Representative (NCFCWCD) Jeremy Sarrow
Civil/Team Lead (USACE Walla Walla District) Michael Franssen, PE
Geotechnical/LSPM (USACE San Francisco District) John Conway, PG
Civil Technician (USACE Walla Walla District) Nathan DeLannoy

5.1 Inspection Summary

Anoverall summary of the Pl ratings is shown in Table 5-2. Specific detailed related to acceptable,
minimally acceptable, and unacceptable rated items are discussed in the subsequentsections.

5.2 General Items for All Flood Damage Reduction Segments/Systems

A summary of the rated items contained in the checklist titled “General Items for All Flood
Damage Reduction Segments/Systems” is shown in Table 5-2. The followingsubsections provide
additional detail on these items.

5.2.1 Operation and Maintenance Manuals

The operation and maintenance (O&M) manual for the Napa River / Napa Creek Flood Protection
Projectwas made final in April2018 by USACE Sacramento Districtand providedto NCFCWCD.
The Hatt to 1st Street Floodwall System is a component of the Project.

5.2.2 Emergency Supplies and Equipment

NCFCWCD maintains a supply of empty sandbags, stockpile sand, chain saws, various hand tools,
and other emergency supplies at the maintenance yard located on 933 Water Street in Napa, CA.
The majority of sand that would be used for sands bags is stored at 770 Jackson Street in Napa,
CA. Both of these locations are within 1.5 miles of the Levees. NCFCWCD has emergency
contracts with general contractors when emergency services are needed. NCFCWCD informed the
inspection team that the location on 933 Water Street may be bought out or leased to an external
organization in the near future.

5.2.3 Flood Preparedness and Training

NCFCWCD hasdevelopeda flood emergencyoperationplan. Annual flood fight training program
is conducted by the California Department of Water Resources at the Napa Sheriff’s Department
each fall. NCFCWCD has previously attended the USACE San Francisco District's Levee Owner
Workshop in Sausalito, CA.
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5.3 Concrete Floodwall

A summary of the rated items contained in the checklist titled “Floodwalls” is shown in Table 5-2.
The following subsections provide additional detail on these items. Items listed as non-applicable
(NA) in Table 5-2 are not included in the following paragraphs.

Table 5-2: PI Rated Summary

Category Rated Item Rating'
General Items for Al] 1. Operation and Maintenance Manuals A
Flood Damage Reduction| 2. Emergency Supplies and Equipment A
Segments/Systems 3. Flood Preparedness and Training A
Floodwalls 1. Non-Compliant Vegetation Growth A

2. Encroachments A
3. Closure Structures (Stop Log Closures and A
Gates)
4. Concrete Surfaces A
5. Tilting, Sliding or Settlement of Concrete A
Structures
6. Foundation of Concrete Structures A
7. Monolith Joints A
8. Underseepage Relief Wells/Toe Drainage A
Systems
9. Seepage A
Interior Drainage System | 1. Vegetation and Obstructions M
2. Encroachments A
3. Ponding Areas NA
4. Fencing and Gates NA
5. Concrete Surfaces A
6. Tilting, Sliding or Settlement of Concrete and A
Sheet Pile Structures
7. Foundation of Concrete Structures A
8. Monolith Joints A
9. Culvert/Discharge Pipes A
10. Sluice/Slide Gates NA
11. Flap Gates/Flap Valves/Pinch Valves A
12. Trash Racks NA
13. Other Metallic Items NA
14. Riprap Revetments of Inlet/ Discharge Areas NA
15. Revetments other than Riprap NA

"Note: Acceptable (A), Minimally Acceptable (M), Unacceptable (U), Not Applicable (NA)

5.3.1 Non-Compliant Vegetation Growth

This item was rated “acceptable”. The floodwall project is maintained very well with only minor
grass and small plant type vegetation noted in the riprap observed during the inspection.
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5.3.2 Encroachments

This item was rated “acceptable”. Access to a city dock on the river side and landscape anchors in
the wall were both noted during the inspection. The anchors support ivy plants along the base of
the upper wall which were installed during construction.

5.3.3 Closure Structures

This item was rated “acceptable”. No action required at this time

5.3.4 Concrete Surfaces
This item was rated “acceptable”. Spalling was observed on concrete floor. Minor spall has no
bearing on the integrity of the floodwall.

5.3.5 Tilting, Sliding or Settlement of Concrete Structures
This item was rated “acceptable”. No tilting, sliding, or settlement of the concrete floodwall was
observed during the PI.

5.3.6 Foundation of Concrete Structures

This item was rated “acceptable”. No foundation concerns were observed during the PI.

5.3.7 Monolith Joints

This item wasrated “acceptable”. Expansion and contraction joints were in good condition.

5.3.8 Underseepage Relief Wells/ Toe Drainage Systems
This item was rated “acceptable”. The drain system was in good condition with no signs of
corrosion, deterioration or any blockages to prevent water from landside floodwall to Napa River.
5.3.9 Seepage

This item was rated “acceptable”. No seepage concerns were observed during the PI.

5.4 Interior Drainage System

A summary of the rated items contained in the checklisttitled “Interior Drainage System” is shown
in Table 5-2. The following subsections provide additional detail on these items. Items listed as
non-applicable (NA) in Table 5-2 are not included in the following paragraphs.

5.4.1 Vegetation and Obstructions

This item was rated “minimally acceptable”. Plantings that were observed on the PI were part of
the original construction contract of the levee and have minimal risk the integrity of the floodwall.
Grasses and small plants are presentin the riprap at the toe of the floodwall. This has been removed
in the past and should be monitored and controlled to prevent establishment of trees.

5.4.2 Encroachments
This item was rated “acceptable”. All landside structures have been approved and pose no threat
to the floodwall.
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5.4.3 Concrete Surfaces

This item was rated “acceptable”.

5.4.4 Tilting, Sliding or Settlement of Concrete and Sheet Pile Structures

This item was rated “acceptable”. No tilting, sliding or settlement of concrete floodwall was
observed during PI.

5.4.5 Foundation of Concrete Structures

This item was rated “acceptable”. No foundation concerns were observed during the PI.

5.4.6 Monolith Joints

This item was rated “acceptable”. No monolith concerns were observed during the PI.

5.4.7 Culverts/ Discharge Pipes
This item was rated “acceptable”. No culvert obstructions, breaks or cracks were observed during
the PI.

5.4.8 Flap Gates/ Flap Valves/ Pinch Valves

This item was rated “acceptable”. Sponsor indicates the flap gates and pinch valves are exercised
twice a year. Gates all appeared to be in good order during the inspection.
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PART 6 - CONCLUSIONS AND RECOMMENDATIONS

This section summarizes items that received either “minimally acceptable” or “unacceptable”
ratings for each feature of the Hatt to 1st Street Floodwall System, and it includes the
recommended actions for each of these items. A discussion of levee safety issues and a summary
of the needs related to the design criteria review follow the inspection recommendations.
7.1 Recommendations

7.1.1 General Items for All Flood Damage Reduction Segments/Systems

All of the General Items for All Flood Damage Reduction Segments/Systems items received an
“acceptable” rating.

7.1.2 Concrete Floodwall

All of the Concrete Floodwall items received an “acceptable” rating.

7.1.3 Interior Drainage System

The only item that received a minimally and/or unacceptable rating was Vegetation and
Obstructions, which received a rating of “minimally acceptable”. Plantings that were observed on
the PI were part of the original construction contract of the levee and have minimal risk to the
integrity of the floodwall. Grasses and small plants are present in the riprap at the toe of the
floodwall. This has been removed in the past and should be monitored and controlled to prevent
establishment of trees.

7.2 Rating

The overall rating of the Hatt to 1st Street Floodwall System is “minimally acceptable”.

7.3 Future Periodic Inspection

ThenextPI of the Hatt to 1st Street Floodwall System should be at 5 years from the levee screening
to take place in 2021.
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Pertinent Plates and Drawings
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Flood Damage Reduction Segment / System

US Army Corps
of Engineers®

Name of Segment / System: ~ Napa River, Hatt to 1st Street floodwall

Inspection Report

Public Sponsor(s): Napa County Flood Control and Water Conservation District

Public Sponsor Representative: Jeremy Sarrow

Sponsor Phone:  707-259-8204

Sponsor Email:  jeremy.sarrow@countyofnapa.org

Corps of Engineers Inspector:  Micheal Franssen PE and Nathan DelLannoy

Inspection Start Date:  07/22/2020

Inspection Report Prepared By:  Nathan DelLannoy

Inspection End Date:  07/22/2020
Date Report Prepared:  08/05/2020

Internal Technical Review (for Periodic Inspections) By:

Date of ITR:

Final Approved By:  Marcus Palmer, PE, Levee Safety Officer

Date Approved:

Type of Inspection: [ ] nitial Eligibility Inspection
|X| Continuing Eligibility Inspection (Routine)
|:| Continuing Eligibility Inspection (Periodic)

Overall Segment / System Rating: |Z Acceptable

|:| Minimally Acceptable
|:| Unacceptable

Contents of Report: X Instructions
[ ] Initial Eligibility Inspection
& General Items for All Flood Control Works
|:| Levee Embankment
& Concrete Floodwalls
|:| Sheet Pile and Concrete I-walls
& Interior Drainage System
|:| Pump Stations
|:| FDR System Channels

Note: In addition to the report contents indicated here, a plan view drawing of the
system, with stationing, should be included with this report to reference locations of
items rated less than acceptable. Photos of general system condition and any noted
deficiencies should also be attached.

Note: This inspection rating represents the Corps evaluation of operations and
maintenance of the flood damage reduction system and may be used in conjunction with
other information for a levee certification determination for National Flood Insurance
Program (NFIP) purposes if applicable. An Acceptable Corps inspection rating, alone,
does not equate to a certifiable levee for the NFIP. It is recommended for levee systems
currently accredited by the Federal Emergency Management Agency (FEMA) for NFIP
purposes receiving a Corps Minimally Acceptable or Unacceptable rating, be evaluated
by the levee owner to determine the potential impacts to the certification for FEMA.

CESPN_NRN1_2020_a_1.pdf
Levee Inspection System - Advanced Reporting v3.2 (Build 15)




Flood Damage Reduction Segment / System
Public Sponsor Pre-Inspection Form

US Army Corps
of Engineers®

The following information is to be provided by the levee district sponsor prior to an inspection. This information will be used to help evaluate the organizational capability of the
levee district to manage the levee segment / system maintenance program.

1. Levee segment / system and district: (name of the segment / system and levee district)

Napa River, Hatt to 1st Street floodwall for CESPN

2. Reporting period: (month/day/year to month/day/year)

3. Summary of maintenance required by last inspection report:
None

4. Summary of maintenance performed this reporting period:
Excerising Flap Gate

5. Summary of maintenance planned next reporting period:
Excerising Flap Gate

6. Summary of changes to segment / system since last inspection:
None

7. Problems/ issues requiring the assistance of the US Army Corps of Engineers:

None

Flood Damage Reduction Segment / System

US Army Corps
of Engineers®

Inspection Report

Napa River, Hatt to 1st Street floodwall

Pre-Inspection Form
Page 1 of 2




Public Sponsor Pre-Inspection Report
The following information is to be provided by the levee district sponsor prior to an inspection

8. Levee district organization: (elected or appointed levee district officials and key employees)

Position

Mailing Address

Phone Number

Email Address

Name

Resources Specialist

804 First Street, Napa, CA 94559

707-259-8204

jeremy.sarrow@countyofnapa.org

Jeremy Sorrow

US Army Corps
of Engineers®

Flood Damage Reduction Segment / System
Inspection Report
Napa River, Hatt to 1st Street floodwall

Pre-Inspection Form
Page 2 of 2



General Instructions for the Inspection of Flood Damage Reduction Segments / Systems

Purpose of USACE Inspections:

The primary purpose of these inspections is to prevent loss of life and catastrophic damages; preserve the value of Federal investments, and to encourage non-Federal sponsors to bear responsibility for
their own protection. Inspections should assure that Flood Damage Reduction structures and facilities are continually maintained and operated as necessary to obtain the maximum benefits. Inspections
are also conducted to determine eligibility for Rehabilitation Assistance under authority of PL 84-99 for Federal and non-Federal systems. (ER 1130-2-530, ER 500-1-1)

Types of Inspections:

The Corps conducts several types of inspections of Flood Damage Reduction systems, as outlined below:

Initial Eligibility Inspections

Continuing Eligibility Inspections

Routine Inspections

Periodic Inspections

IEls are conducted to determine whether a non-
Federally constructed Flood Damage Reduction
system meets the minimum criteria and standards set
forth by the Corps for initial inclusion into the
Rehabilitation and Inspection Program.

Rls are intended to verify proper
maintenance, owner
preparedness, and component
operation.

Pls are intended to verify proper maintenance and component operation and to evaluate operational adequacy,
structural stability, and safety of the system. Periodic Inspections evaluate the system's original design criteria
vs. current design criteria to determine potential performance impacts, evaluate the current conditions, and
compare the design loads and design analysis used against current design standards. This is to be done to
identify components and features for the sponsor that need to be monitored more closely over time or
corrected as needed. (Periodic Inspections are used as the basis of risk assessments.)

Inspection Boundaries:

Inspections should be conducted so as to rate each Flood Damage Reduction "Segment" of the system. The overall system rating will be the lowest segment rating in the system.

Project

System

Segment

A flood damage reduction project is made up of one
or more flood damage reduction systems which were
under the same authorization.

A flood damage reduction system is made up of one or more flood damage
reduction segments which collectively provide flood damage reduction to a
defined area. Failure of one segment within a system constitutes failure of the
entire system. Failure of one system does not affect another system.

A flood damage reduction segment is defined as a discrete
portion of a flood damage reduction system that is operated and
maintained by a single entity. A flood damage reduction
segment can be made up of one or more features (levee,
floodwall, pump stations, etc).

Land Use Definitions:

The following three definitions are intended for use in determining minimum required inspection intervals and initial requirements for inclusion into the Rehabilitation and Inspection Program.
Inspections should be considered for all systems that would result in significant environmental or economic impact upon failure regardless of specific land use.

Agricultural

Rural

Urban

Protected population in the range of zero to 5
households per square mile protected.

Protected population in the range
of 6 to 20 households per square
mile protected.

Greater than 20 households per square mile; major industrial areas with significant infrastructure investment.
Some protected urban areas have no permanent population but may be industrial areas with high value
infrastructure with no overnight population.

US Army Corps
of Engineers®

Flood Damage Reduction Segment / System
Inspection Report

General Instructions
Page 1 of 3

Napa River, Hatt to 1st Street floodwall (NRN1)




Use of the Inspection Report Template:

The report template is intended for use in all Army Corps of Engineers inspections of levee and floodwall systems and flood damage reduction channels. The section of the template labeled “Initial
Eligibility" only needs to be completed during Initial Eligibility Inspections of Non-Federally constructed Flood Damage Reduction Systems. The section labeled “General Items" needs to be completed
with every inspection, along with all other sections that correspond to features in the system. The section labeled "Public Sponsor Pre-Inspection Report" is intended for completion before the inspection,
if possible.

Individual Item / Component Ratings:
Assessment of individual components rated during the inspection should be based on the criteria provided in the inspection report template, though inspectors may incorporate additional items into the
report based on the characteristics of the system. The assessment of individual components should be based on the following definitions.

Acceptable Item Minimally Acceptable Item Unacceptable Item
The inspected item is in satisfactory condition, with The inspected item has one or more minor deficiencies that need to be The inspected item has one or more serious deficiencies that
no deficiencies, and will function as intended during | corrected. The minor deficiency or deficiencies will not seriously impair the need to be corrected. The serious deficiency or deficiencies will
the next flood event. functioning of the item as intended during the next flood event. seriously impair the functioning of the item as intended during
the next flood event.

Overall Segment / System Ratings:

Determination of the overall system rating is based on the definitions below. Note that an Unacceptable System Rating may be either based on an engineering determination that concluded that noted
deficiencies would prevent the system from functioning as intended during the next flood event, or based on the sponsor's demonstrated lack of commitment or inability to correct serious deficiencies in a
timely manner.

Acceptable System Minimally Acceptable System Unacceptable System
All items or components are rated as Acceptable. One or more items are rated as Minimally Acceptable or one or more items are | One or more items are rated as Unacceptable and would prevent
rated as Unacceptable and an engineering determination concludes that the the segment / system from performing as intended, or a serious
Unacceptable items would not prevent the segment / system from performing deficiency noted in past inspections (which had previously
as intended during the next flood event. resulted in a minimally acceptable system rating) has not been
corrected within the established timeframe, not to exceed two
years.

Eligibility for PL84-99 Rehabilitation Assistance:
Inspected systems that are not operated and maintained by the Federal government may be Active in the Corps' Rehabilitation and Inspection Program (RIP) and eligible for rehabilitation assistance from
the Corps as defined below:

If the Overall System Rating is Acceptable If the Overall System Rating is Minimally Acceptable If the Overall System Rating is Unacceptable
The system is active in the RIP and eligible for The system is Active in the RIP during the time that it takes to make needed The system is Inactive in the RIP, and the status will remain
PL84-99 rehabilitation assistance. corrections. Active systems are eligible for rehabilitation assistance. Inactive until the sponsor presents USACE with proof that all
However, if the sponsor does not present USACE with proof that serious items rated Unacceptable have been corrected. Inactive systems
deficiencies (which had previously resulted in a minimally acceptable system are ineligible for rehabilitation assistance.
rating) were corrected within the established timeframe, then the system will
become Inactive in the RIP.

General Instructions
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l. Reporting:

After the inspection, the Corps is responsible for assembling an inspection report (or a summary report if it was a Periodic Inspection) including the following information:

a. All sections of the report template used during the inspection, including the cover and pre-inspection materials. (Supplemental data collected, and any sections of the template that
weren't used during the inspection do not need to be included with the report.)

b. Photos of the general system condition and noted deficiencies.

c. A plan view drawing of the system, with stationing, to reference locations of items rated less than acceptable.

d. The relative importance of the identified maintenance issues should be specified in the transmittal letter.

e. If the Overall System Rating is Minimally Acceptable, the report needs to establish a timeframe for correction of serious deficiencies noted (not to exceed two years) and indicate

that if these items are not corrected within the required timeframe, the system will be rated as Unacceptable and made Inactive in the Rehabilitation Inspection Program.

J. Notification:

Reports are to be disseminated as follows within 30 days of the inspection date.

If the Overall System Rating is Acceptable

If the Overall System Rating is Minimally Acceptable

If the Overall System Rating is Unacceptable

Reports need to be provided to the local sponsor and
the county emergency management agency.

Reports need to be provided to the local sponsor, state emergency management
agency, county emergency management agency, and to the FEMA region.

Reports need to be provided to the local sponsor, state
emergency management agency, county emergency management
agency, FEMA region, and to the Congressional delegation
within 30 days of the inspection.

US Army Corps
of Engineers®

Flood Damage Reduction Segment / System
Inspection Report
Napa River, Hatt to 1st Street floodwall (NRN1)
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General Items for All Flood Damage Reduction Segments / Systems
For use during all inspections of all Flood Damage Reduction Segments / Systems

Rated Item Rating Rating Guidelines Location/Remarks/Recommendations
Operations and A Levee Owner's Manual, O&M Manuals, and/or manufacturer's operating instructions are Our current Operations and Maintenance Manual is kept in
Maintenance present. sponsor's office along with a digit copy kept on their server.
Manuals

Sponsor manuals are lost or missing or out of date; however, sponsor will obtain manuals

prior to next scheduled inspection.

Sponsor has not obtained lost or missing manuals identified during previous inspection.
Emergency A The sponsor maintains a stockpile of sandbags, shovels, and other flood fight supplies which |The District's Emergency Supplies and Equipment are
Supplies and will adequately supply all needs for the initial days of a flood fight. Sponsor determines located at 933 Water St. Supplies consist of sand bags,
Equipment required quantity of supplies after consulting with inspector. shovels, sand for the sand bags, chain saws, flash lights,
(Aor M only) The sponsor does not maintain an adequate supply of flood fighting materials as part of their barrnlelrs, a grip hoist, and other various flood fighting

preparedness activities. Supplies.
Flood A Sponsor has a written system-specific flood response plan and a solid understanding of how to |Annual flood fighting training program conducted by the CA
Preparedness and operate, maintain, and staff the FDR system during a flood. Sponsor maintains a list of Department of Water Resources at the Napa Sheriff's
Training emergency contact information for appropriate personnel and other emergency response Department each fall.
(A or M only) agencies.

The sponsor maintains a good working knowledge of flood response activities, but
documentation of system-specific emergency procedures and emergency contact personnel is
insufficient or out of date.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Floodwalls

For use during Initial and Continuing Eligibility Inspections of all floodwalls

Rated Item

Rating

Rating Guidelines

Location/Remarks/Recommendations

1. Unwanted
Vegetation
Growth?

A

A grass-only or paved zone is maintained on both sides of the floodwall, free of all trees,
brush, and undesirable weeds. The vegetation-free zone extends 15 feet from both the land
and riverside of the floodwall, at ground-level, to the centerline of the tree. Additionally, an 8-
foot root-free zone is maintained around the entire structure, including the floodwall toe, heel,
and any toe-drains. If the floodwall access easement doesn't extend to the described limits,
then the vegetation-free zone must be maintained to the easement limits. Reference EM 1110-
2-301 and/or Corps policy for regional vegetation variance.

Minimal vegetation growth (brush, weeds, or trees 2 inches in diameter or smaller) is present
within the zones described above. This vegetation must be removed but does not currently
threaten the operation or integrity of the floodwall.

Significant vegetation growth (brush, weeds, or any trees greater than 2 inches in diameter) is
present within the zones described above. This vegetation threatens the operation or integrity
of the floodwall and must be removed.

NRN1_2020_a_0001: Station_1 NA: Upstream tie-in.: No
action required at this time. (A)

NRN1_2020 a_0008: Station_1 NA: Station_2 NA:
Revetment: Monitor. (A)

2. Encroachments

No trash, debris, unauthorized structures, excavations, or other obstructions present within the
easement area. Encroachments have been previously reviewed by the Corps, and it was
determined that they do not diminish proper functioning of the floodwall.

Trash, debris, unauthorized structures, excavations, or other obstructions present, or
inappropriate activities noted that should be corrected but will not inhibit operations and
maintenance or emergency operations. Encroachments have not been reviewed by the Corps.

Unauthorized encroachments or inappropriate activities noted are likely to inhibit operations
and maintenance, emergency operations, or negatively impact the integrity of the floodwall.

NRN1_2020_a_0005: Station_1 NA: Station_2 NA:
landscaping anchors.: Monitor. (A)

NRN1_2020_a_0006: Station_1 NA: City dock access.: No
action required at this time. (A)

3. Closure Structures
(Stop Log
Closures and
Gates)

(A orUonly)

Closure structure in good repair. Placing equipment, stoplogs, and other materials are readily
available at all times. Components are clearly marked and installation instructions/
procedures readily available. Trial erections have been accomplished in accordance with the
O&M Manual.

Any of the following issues is cause for this rating: Closure structure in poor condition. Parts
missing or corroded. Placing equipment may not be available within the anticipated warning
time. The storage vaults cannot be opened during the time of inspection. Components of
closure are not clearly marked and installation instructions/ procedures are not readily
available. Trial erections have not been accomplished in accordance with the O&M Manual.

N/A

There are no closure structures along this component of the FDR segment / system.

NRN1_2020_a_0003: Station_1 NA: Log closure area.: No
action required at this time. (A)

4. Concrete Surfaces

Negligible spalling, scaling or cracking. If the concrete surface is weathered or holds
moisture, it is still satisfactory but should be seal coated to prevent freeze/ thaw damage.

Spalling, scaling, and open cracking present, but the immediate integrity or performance of
the structure is not threatened. Reinforcing steel may be exposed. Repairs/ sealing is
necessary to prevent additional damage during periods of thawing and freezing.

NRN1_2020_a_0007: Station_1 NA: Spalling was observed
on concrete floor. Minor spall has no bearing on the
integrity of the floodwall.: No action required at this time.
(A

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Floodwalls

For use during Initial and Continuing Eligibility Inspections of all floodwalls

Rated Item

Rating

Rating Guidelines

Location/Remarks/Recommendations

Surface deterioration or deep cracks present that may result in an unreliable structure. Any
surface deterioration that exposes the sheet piling or lies adjacent to monolith joints may
indicate underlying reinforcement corrosion and is unacceptable.

5. Tilting, Sliding or
Settlement of
Concrete
Structures?

There are no significant areas of tilting, sliding, or settlement that would endanger the
integrity of the structure.

There are areas of tilting, sliding, or settlement (either active or inactive) that need to be
repaired. The maximum offset, either laterally or vertically, does not exceed 2 inches unless
the movement can be shown to be no longer actively occurring. The integrity of the structure
is not in danger.

There are areas of tilting, sliding, or settlement (either active or inactive) that threaten the
structure's integrity and performance. Any movement that has resulted in failure of the
waterstop (possibly identified by daylight visible through the joint) is unacceptable.
Differential movement of greater than 2 inches between any two adjacent monoliths, either
laterally or vertically, is unacceptable unless it can be shown that the movement is no longer
active. Also, if the floodwall is of I-wall construction, then any visible or measurable tilting
of the wall toward the protected side that has created an open horizontal crack on the riverside
base of a monolith is unacceptable.

No tilting, sliding or settlement of concrete floodwall was
observed during PI.

6. Foundation of
Concrete
Structures®

No active erosion, scouring, or bank caving that might endanger the structure's stability.

There are areas where the ground is eroding towards the base of the structure. Efforts need to
be taken to slow and repair this erosion, but it is not judged to be close enough to the structure
or to be progressing rapidly enough to affect structural stability before the next inspection.

For the purposes of inspection, the erosion or scour is not closer to the riverside face of the
wall than twice the floodwall's underground base width if the wall is of L-wall or T-wall
construction; or if the wall is of sheetpile or I-wall construction, the erosion is not closer than
twice the wall's visible height. Additionally, rate of erosion is such that the wall is expected to
remain stabile until the next inspection.

Erosion or bank caving observed that is closer to the wall than the limits described above, or is
outside these limits but may lead to structural instabilities before the next inspection.
Additionally, if the floodwall is of I-wall or sheetpile construction, the foundation is
unacceptable if any turf, soil or pavement material got washed away from the landside of the
I-wall as the result of a previous overtopping event.

No foundation concerns were observed during PI.

7. Monolith Joints

The joint material is in good condition. The exterior joint sealant is intact and cracking/
desiccation is minimal. Joint filler material and/or waterstop is not visible at any point.

The joint material has appreciable deterioration to the point where joint filler material and/or
waterstop is visible in some locations. This needs to be repaired or replaced to prevent
spalling and cracking during freeze/ thaw cycles, and to ensure water tightness of the joint.

Expansion and construction joints were in good condition.

Key: A = Acceptable
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Floodwalls

For use during Initial and Continuing Eligibility Inspections of all floodwalls

Rated Item

Rating

Rating Guidelines

Location/Remarks/Recommendations

The joint material is severely deteriorated or the concrete adjacent to the monolith joints has
spalled and cracked, damaging the waterstop; in either case damage has occurred to the point
where it is apparent that the joint is no longer watertight and will not provide the intended
level of protection during a flood.

N/A

There are no monolith joints in the floodwall.

8. Underseepage
Relief Wells/ Toe
Drainage Systems

Toe drainage systems and pressure relief wells necessary for maintaining FDR segment /
system stability during high water functioned properly during the last flood event and no
sediment is observed in horizontal system (if applicable). Nothing is observed which would
indicate that the drainage systems won't function properly during the next flood, and
maintenance records indicate regular cleaning. Wells have been pumped tested within the
past 5 years and documentation is provided.

Toe drainage systems or pressure relief wells are damaged and may become clogged if they
are not repaired. Maintenance records are incomplete or indicate irregular cleaning and pump
testing.

Toe drainage systems or pressure relief wells necessary for maintaining FDR segment /
system stability during flood events have fallen into disrepair or have become clogged. No
maintenance records. No documentation of the required pump testing.

N/A

There are no relief wells/ toe drainage systems along this component of the FDR segment /
system.

The drain system was in good condition with no signs of
corrosion, deterioration or any blockages to prevent water
from landside floodwall to Napa River.

9. Seepage

No evidence or history of unrepaired seepage, saturated areas, or boils.

Evidence or history of minor unrepaired seepage or small saturated areas at or beyond the
landside toe but not on the landward slope of levee. No evidence of soil transport.

Evidence or history of active seepage, extensive saturated areas, or boils.

No seepage concerns were observed douring Pl

! Inspectors must have as-built drawings available during the inspection so that the lateral distance to the heel and toe of the floodwalls can be determined in the field.
2 The sponsor should be monitoring any observed movement to verify whether the movement is active or inactive.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Floodwalls
For use during Initial and Continuing Eligibility Inspections of all floodwalls

Inspect ID: NRN1_2020 a 0001 Title: USACE_CESPN_NRN1_2020_a 0001_1.jpg
Rated Item: 1. Unwanted Vegetation Growth Caption: Rating: Acceptable; Remarks:
Upstream tie-in.; Action: No action required at this time.

Inspect ID: NRN1_2020_a 0008 Title: USACE_CESPN_NRN1_2020_a_0008_1.jpg
Rated Item: 1. Unwanted Vegetation Growth Caption: Rating: Acceptable; Remarks:
Revetment; Action: Monitor.
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Floodwalls
For use during Initial and Continuing Eligibility Inspections of all floodwalls

Inspect ID: NRN1_2020_a 0008 Title: USACE_CESPN_NRN1_2020_a 0008_2.jpg
Rated Item: 1. Unwanted Vegetation Growth Caption: Rating: Acceptable; Remarks:
Revetment; Action: Monitor.

Inspect ID: NRN1_2020_a_ 0005 Title: USACE_CESPN_NRN1 2020_a 0005_1.jpg
Rated Item: 2. Encroachments Caption: Rating: Acceptable; Remarks: landscaping
anchors.; Action: Monitor.
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Floodwalls
For use during Initial and Continuing Eligibility Inspections of all floodwalls

Inspect ID: NRN1_2020_a 0006 Title: USACE_CESPN_NRN1_2020_a 0006_1.jpg
Rated Item: 2. Encroachments Caption: Rating: Acceptable; Remarks: City dock
access.; Action: No action required at this time.

Inspect ID: NRN1_2020_a_ 0003 Title: USACE_CESPN_NRN1 2020_a 0003_1.jpg
Rated Item: 3. Closure Structures (Stop Log Closures and Gates) (A or U only)
Caption: Rating: Acceptable; Remarks: Log closure area.; Action: No action required at
this time.
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Floodwalls
For use during Initial and Continuing Eligibility Inspections of all floodwalls

Inspect ID: NRN1_2020_a 0003 Title: USACE_CESPN_NRN21_2020_a 0003_2.jpg
Rated Item: 3. Closure Structures (Stop Log Closures and Gates) (A or U only)
Caption: Rating: Acceptable; Remarks: Log closure area.; Action: No action required at
this time.

Inspect ID: NRN1_2020_a_ 0003 Title: USACE_CESPN_NRN1 2020_a 0003_3.jpg
Rated Item: 3. Closure Structures (Stop Log Closures and Gates) (A or U only)
Caption: Rating: Acceptable; Remarks: Log closure area.; Action: No action required at
this time.
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Floodwalls
For use during Initial and Continuing Eligibility Inspections of all floodwalls

Inspect ID: NRN1_2020_a 0007 Title: USACE_CESPN_NRN1_2020_a 0007_1.jpg
Rated Item: 4. Concrete Surfaces Caption: Rating: Acceptable; Remarks: Spalling was
observed on concrete floor. Minor spall has no bearing on the integrity of the floodwall.;

Action: No action required at this time.

Flood Damage Reduction Segment / System Floodwalls
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Interior Drainage System
For use during Initial and Continuing Eligibility Inspections of interior drainage systems

Rated Item

Rating

Rating Guidelines

Location/Remarks/Recommendations

1. Vegetation and
Obstructions

M

No obstructions, vegetation, debris, or sediment accumulation noted within interior drainage
channels or blocking the culverts, inlets, or discharge areas. Concrete joints and weep holes
are free of grass and weeds.

Obstructions, vegetation, debris, or sediment are minor and have not impaired channel flow
capacity or blocked more than 10% of any culvert openings, but should be removed. A
limited volume of grass and weeds may be present in concrete channel joints and weep holes.

Obstructions, vegetation, debris, or sediment have impaired the channel flow capacity or
blocked more than 10% of a culvert opening. Sediment and debris removal required to re-
establish flow capacity.

Plantings that were observed on the Pl were part of the
original construction contract of the levee and have minimal
risk the integrity of the levee.

2. Encroachments

No trash, debris, unauthorized structures, excavations, or other obstructions present within the
easement area. Encroachments have been previously reviewed by the Corps, and it was
determined that they do not diminish proper functioning of the interior drainage system.

Trash, debris, unauthorized structures, excavations, or other obstructions present, or
inappropriate activities noted that should be corrected but will not inhibit operations and
maintenance or emergency operations. Encroachments have not been reviewed by the Corps.

Unauthorized encroachments or inappropriate activities noted are likely to inhibit operations
and maintenance, emergency operations, or negatively impact the integrity of this component
of the interior drainage system.

All landside structures have been approved and pose no
threat to the floodwall.

3. Ponding Areas

NA

No trash, debris, structures, or other obstructions present within the ponding areas. Sediment
deposits do not exceed 10% of capacity.

Trash, debris, excavations, structures, or other obstructions present, or inappropriate activities
that will not inhibit operations and maintenance. Sediment deposits do not exceed 30% of

capacity.

Trash, debris, excavations, structures, or other obstructions, or other encroachments or
activities noted that will inhibit operations, maintenance, or emergency work. Sediment
deposits exceeds 30% of capacity.

N/A

There are no ponding areas associated with the interior drainage system.

4. Fencing and
Gates?

NA

Fencing is in good condition and provides protection against falling or unauthorized access.
Gates open and close freely, locks are in place, and there is little corrosion on metal parts.

Fencing or gates are damaged or corroded but appear to be maintainable. Locks may be
missing or damaged.

Fencing and gates are damaged or corroded to the point that replacement is required, or
potentially dangerous features are not secured.

N/A

There are no features noted that require safety fencing.

5. Concrete Surfaces
(Such as gate

A

A

Negligible spalling, scaling or cracking. If the concrete surface is weathered or holds
moisture, it is still satisfactory but should be seal coated to prevent freeze/ thaw damage.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction

US Army Corps
of Engineers®

Flood Damage Reduction Segment / System
Inspection Report
Napa River, Hatt to 1st Street floodwall

Interior Drainage System
Page 1 of 7




Interior Drainage System
For use during Initial and Continuing Eligibility Inspections of interior drainage systems

Rated Item Rating Rating Guidelines Location/Remarks/Recommendations
wells, outfalls, M  [Spalling, scaling, and open cracking present, but the immediate integrity or performance of
intakes, or the structure is not threatened. Reinforcing steel may be exposed. Repairs/ sealing is
culverts) necessary to prevent additional damage during periods of thawing and freezing.
U |Surface deterioration or deep cracks present that may result in an unreliable structure. Any
surface deterioration that exposes the sheet piling or lies adjacent to monolith joints may
indicate underlying reinforcement corrosion and is unacceptable.
N/A [There are no concrete items in the interior drainage system.
Tilting, Sliding or A A |There are no significant areas of tilting, sliding, or settlement that would endanger the No tilting, sliding or settlement of concrete floodwall was
Settlement of integrity of the structure. observed during PI.
Cr(])ncret_ti and M |There are areas of tilting, sliding, or settlement (either active or inactive) that need to be
Sheet Pi ¢ repaired. The maximum offset, either laterally or vertically, does not exceed 2 inches unless
Structures the movement can be shown to be no longer actively occurring. The integrity of the structure
(Such as gate ; ;
is not in danger.
wells, outfalls, — — - - —
intakes, or U [There are areas of tilting, sliding, or settlement (either active or inactive) that threaten the
culverts) structure's integrity and performance. Any movement that has resulted in failure of the
waterstop (possibly identified by daylight visible through the joint) is unacceptable.
Differential movement of greater than 2 inches between any two adjacent monoliths, either
laterally or vertically, is unacceptable unless it can be shown that the movement is no longer
active. Also, if the floodwall is of I-wall construction, then any visible or measurable tilting
of the wall toward the protected side that has created an open horizontal crack on the riverside
base of a monolith is unacceptable.
N/A |There are no concrete items in the interior drainage system.
Foundation of A A |No active erosion, scouring, or bank caving that might endanger the structure's stability. No foundation concerns were observed during PI.
Concrete - -
Structures® M |There are areas where the ground is eroding towards the base of the structure. Efforts need to
(Such as culverts be taken to slow and repair this erosion, but it is not judged to be close enough to the structure
inlet and ' or to be progressing rapidly enough to affect structural stability before the next inspection.
discharge The rate of erosion is such that the structure is expected to remain stabile until the next
structures, or inspection.
gatewells.) U |Erosion or bank caving observed that may lead to structural instabilities before the next
inspection.
N/A |There are no concrete items in the interior drainage system.
Monolith Joints A A |The joint material is in good condition. The exterior joint sealant is intact and cracking/ No monolith concerns were observed during PI.
desiccation is minimal. Joint filler material and/or waterstop is not visible at any point.
M [The joint material has appreciable deterioration to the point where joint filler material and/or

waterstop is visible in some locations. This needs to be repaired or replaced to prevent
spalling and cracking during freeze/ thaw cycles, and to ensure water tightness of the joint.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Interior Drainage System
For use during Initial and Continuing Eligibility Inspections of interior drainage systems

Rated Item Rating Rating Guidelines Location/Remarks/Recommendations

U |The joint material is severely deteriorated or the concrete adjacent to the monolith joints has
spalled and cracked, damaging the waterstop; in either case damage has occurred to the point
where it is apparent that the joint is no longer watertight and will not provide the intended
level of protection during a flood.

N/A " [There are no monolith joints in the interior drainage system.

9. Culverts/ A A |There are no breaks, holes, cracks in the discharge pipes/ culverts that would result in No culvert obstructions, breaks or cracks were observed
Discharge Pipes* significant water leakage. The pipe shape is still essentially circular. All joints appear to be |during PI.

closed and the soil tight. Corrugated metal pipes, if present, are in good condition with 100%

of the original coating still in place (either asphalt or galvanizing) or have been relined with

appropriate material, which is still in good condition. Condition of pipes has been verified

using television camera video taping or visual inspection methods within the past five years,

and the report for every pipe is available for review by the inspector.

M  [There are a small number of corrosion pinholes or cracks that could leak water and need to be
repaired, but the entire length of pipe is still structurally sound and is not in danger of
collapsing. Pipe shape may be ovalized in some locations but does not appear to be
approaching a curvature reversal. A limited number of joints may have opened and soil loss
may be beginning. Any open joints should be repaired prior to the next inspection.
Corrugated metal pipes, if present, may be showing corrosion and pinholes but there are no
areas with total section loss. Condition of pipes has been verified using television camera
video taping or visual inspection methods within the past five years, and the report for every
pipe is available for review by the inspector.

U [Culvert has deterioration and/or has significant leakage; it is in danger of collapsing or as
already begun to collapse. Corrugated metal pipes have suffered 100% section loss in the
invert. HOWEVER: Even if pipes appear to be in good condition, as judged by an external
visual inspection, an Unacceptable Rating will be assigned if the condition of pipes has not
been verified using television camera video taping or visual inspection methods within the
past five years, and reports for all pipes are not available for review by the inspector.

N/A | There are no discharge pipes/ culverts.

10. Sluice / Slide NA A |Gates open and close freely to a tight seal or minor leakage. Gate operators are in good

Gates® working condition and are properly maintained. Sill is free of sediment and other
obstructions. Gates and lifters have been maintained and are free of corrosion.
Documentation provided during the inspection.

M [Gates and/or operators have been damaged or have minor corrosion, and open and close with
resistance or binding. Leakage quantity is controllable, but maintenance is required. Sill is
free of sediment and other obstructions.

U [Gates do not open or close and/or operators do not function. Gate, stem, lifter and/or guides
may be damaged or have major corrosion.

N/A | There are no sluice/ slide gates.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction

Flood Damage Reduction Segment / System Interior Drainage System
Inspection Report Page 3 of 7
US Army Corps Napa River, Hatt to 1st Street floodwall

of Engineers®




Interior Drainage System
For use during Initial and Continuing Eligibility Inspections of interior drainage systems

Rated Item Rating Rating Guidelines Location/Remarks/Recommendations
11. Flap Gates/ A A |Gates/ valves open and close easily with minimal leakage, have no corrosion damage, and NRN1_2020_a_0002: Station_1 NA: Flap gate, sponsor
Flap Valves/ have been exercised and lubricated as required. relays that is exercised twice a year.: Monitor. (A)
Pinch Valvest M NRN1_2020_a_0004: Station_1 NA: Flap gate in good
Gates/ valves will not fully open or close because of obstructions that can be easily removed, |working order. Exercised twice a year.: No action required
or have minor corrosion damage that requires maintenance. at this time. (A)
U [Gates/ valves are missing, have been damaged, or have deteriorated to the point that they need
to be replaced.
N/A | There are no flap gates.
12. Trash Racks NA A ITrash racks are fastened in place and properly maintained.
(non-mechanical)
M [Trash racks are in place but are unfastened or have bent bars that allow debris to enter into the
pipe or pump station, bars are corroded to the point that up to 10% of the sectional area may
be lost. Repair or replacement is required.
U |Trash racks are missing or damaged to the extent that they are no longer functional and must
be replaced. (For example, more than 10% of the sectional area may be lost.)
N/A | There are no trash racks, or they are covered in the pump stations section of the report.
13. Other Metallic NA A |All metal parts are protected from corrosion damage and show no rust, damage, or
Items deterioration that would cause a safety concern.
Corrosion seen on metallic parts appears to be maintainable.
U [Metallic parts are severely corroded and require replacement to prevent failure, equipment
damage, or safety issues.
N/A | There are no other significant metallic items.
14. Riprap NA A INo riprap displacement or stone degradation that could pose an immediate threat to the
Revetments of integrity of channel bank. Riprap intact with no woody vegetation present.
Inlet/ Discharge
Areas M |Minor riprap displacement or stone degradation that could pose an immediate threat to the
integrity of the channel bank. Unwanted vegetation must be cleared or sprayed with an
appropriate herbicide.
U [Significant riprap displacement, exposure of bedding, or stone degradation observed. Scour
activity is undercutting banks, eroding embankments, or impairing channel flows by causing
turbulence or shoaling. Rock protection is hidden by dense brush, trees, or grasses.
N/A |There is no riprap protecting this feature of the segment / system, or riprap is discussed in
another section.
15. Revetments other NA A |No riprap displacement or stone degradation that could pose an immediate threat to the

than Riprap

integrity of channel bank. Riprap intact with no woody vegetation present.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Interior Drainage System
For use during Initial and Continuing Eligibility Inspections of interior drainage systems

Rated Item

Rating

Rating Guidelines

Location/Remarks/Recommendations

M  [Minor riprap displacement or stone degradation that could pose an immediate threat to the
integrity of the channel bank. Unwanted vegetation must be cleared or sprayed with an
appropriate herbicide.

U |Significant riprap displacement, exposure of bedding, or stone degradation observed. Scour
activity is undercutting banks, eroding embankments, or impairing channel flows by causing
turbulence or shoaling. Rock protection is hidden by dense brush, trees, or grasses.

N/A [There are no such revetments protecting this feature of the segment / system.

! Proper operation of this item must be demonstrated during the inspection.

2 The sponsor should be monitoring any observed movement to verify whether the movement is active or inactive.
3 Inspectors must have as-built drawings available during the inspection so that the lateral distance to the heel and toe of the floodwalls can be determined in the field.

4 The decision on whether or not USACE inspectors should enter a pipe to perform a detailed inspection must be made at the USACE District level. This decision should be made
in conjunction with the District Safety Office, as pipes may be considered confined spaces. This decision should consider the age of the pipe, the diameter of the pipe, the apparent
condition of the pipe, and the length of the pipe. If a pipe is entered for the purposes of inspection, the inspector should record observations with a video camera in order that the
condition of the entire pipe, including all joints, can later be assessed. Additionally, the video record provides a baseline to which future inspections can be compared.

5Proper operation of the gates (full open and closed) must be demonstrated during the inspection if no documentation is available. Be aware of both manual and electrical

operators.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Interior Drainage System
For use during Initial and Continuing Eligibility Inspections of interior drainage systems

Inspect ID: NRN1_2020 a 0002 Title: USACE_CESPN_NRN1_2020_a 0002_1.jpg
Rated Item: 11. Flap Gates/ Flap Valves/ Pinch Valves Caption: Rating: Acceptable;
Remarks: Flap gate, sponsor relays that is exercised twice a year.; Action: Monitor.

Inspect ID: NRN1_2020_a 0002 Title: USACE_CESPN_NRNZ1_2020_a_0002_2.jpg
Rated Item: 11. Flap Gates/ Flap Valves/ Pinch Valves Caption: Rating: Acceptable;
Remarks: Flap gate, sponsor relays that is exercised twice a year.; Action: Monitor.
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Interior Drainage System

For use during Initial and Continuing Eligibility Inspections of interior drainage systems

Inspect ID: NRN1_2020_a 0004 Title: USACE_CESPN_NRN1_2020_a 0004_1.jpg
Rated Item: 11. Flap Gates/ Flap Valves/ Pinch Valves Caption: Rating: Acceptable;
Remarks: Flap gate in good working order. Exercised twice a year.; Action: No action
required at this time.
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Napa River/Napa Creek Flood Protection Project
Contract 2 West
Hatt Building to First Street

Geotechnical Design Document Report

1. Introduction. The purpose of this report is to document the design process for
preparing plans and specifications for the Napa River/Napa Creek Flood Protection
Project, Contract 2 West, Hatt Building to First Street (also known as “Hatt to First”).
This report is intended as a supplement to the Napa River Geotechnical Basis of Design,
prepared in February 1998 as an appendix to the Final Supplemental General Design
Memorandum (SGDM), dated October 1998 (Reference 1). This report presents
information obtained and analyses performed since the SGDM, and discusses this portion
of the flood control project in greater detail.

1.1. Project Delivery Team. The PDT for this contract was comprised of both
Corps of Engineers and A/E personnel. The geotechnical design was performed by Corps
of Engineers personnel. Structural and Civil design was performed by MGE
Engineering, Inc., Sacramento, with oversight by Corps personnel. Landscape
architecture and electrical design was performed by The HLA Group, Sacramento, with
oversight by Corps personnel.

1.2. Area Description. The contract area, with the major project features, is
shown on Figures 1 through 3. The contract area is on the west side of the Napa River in
downtown Napa, extending from the Hatt Building (also known as the Napa Mill) on the
south (downstream) to just south of First Street on the north (upstream.) The Napa Mill
was originally constructed in the late 1800’s to early 1900’s and served as a grain mill.
After being vacant for a number of years, it is being renovated and refurbished as a
tourist destination with hotel rooms, restaurants, a general store, and patios (Photos 1
through 5). Fifth Street is immediately north of the Napa Mill. North of Fifth Street are
vacant lots which are slated for development (the Channel Development) at a later date
(Photos 6 and 7). The recently constructed Third Street Bridge is immediately north of
the vacant lots (Photo 7). North of Third Street are Veterans Park (Photo 8), Downtown
Joe’s restaurant (Photo 9), a parking lot, and an existing concrete counterfort wall near
the Semorile Building (location of the Bounty Hunter wine bar) at the north end of the
project (Photo 10). The soldier pile wall in this contract will tie into the concrete
counterfort wall.

1.3. Major Contract Features. The main contract feature is a vertical soldier
pile retaining wall which extends from the Napa Mill to the existing concrete counterfort
wall just south of First Street. At the Napa Mill, this wall functions as the 100-year
floodwall. North of the Napa Mill, the top of the soldier pile wall lowers in elevation to
allow for a pedestrian walkway (called the lower promenade), and a second, shorter wall
(called the upper wall), which provides the 100-year flood protection north of the Napa



Mill. Another pedestrian walkway (called the upper promenade) is on the landside of the
upper wall, at the finish grade elevation (slightly above the existing ground elevation in
most places). The soldier pile wall and lower promenade dip underneath the Third Street
Bridge, then rise in elevation and continue northward to tie into the existing concrete
counterfort wall. The soldier pile wall (also referred to as the lower wall) provides 12-
year flood protection at it’s lowest point, underneath the Third Street Bridge. The lower
wall provides greater flood protection over the remaining project area. Stairs and ramps
provide access to the lower promenade at Fifth Street, Fourth Street, Third Street,
Veterans Park, and the Semorile Building. As part of the contract, Veterans Park will be
completely rebuilt into a small amphitheater.

2.0. Geotechnical Explorations. At the time of the SGDM preparation, Soil Design
section had the following explorations in the Hatt to First contract area, from south to
north: 2F-90-29, 2F-30 (just south of the Napa Mill); 2F-94-14 (just north of the Napa
Mill); 2F-29, CPT-94-2, and 2F-94-15 (near the Third Street bridge). For plans and
specifications, more subsurface information was needed, so the following deep
explorations were conducted by the Corps: 2F-03-3, 2F-03-4, 2F-04-51 (from a barge in
the Napa River near the Napa Mill); 2F-03-5, 2F-03-6, 2F-03-7 (between Fifth Street and
Third Street); and 2F-03-8 (in the parking lot north of Downtown Joes). Numerous
shallow exploration logs at the Napa Mill, many conducted for an environmental
assessment, were obtained from Raney Geotechnical. Two boring logs for the
construction of the Third Street Bridge (B-3 and B-4) were obtained from AGS, Inc.
Locations of explorations are shown on Figure 4. Soil boring logs from the Corps of
Engineers and AGS Inc. are shown on Figures 5 through 16. Soil boring logs from
Raney Geotechnical are in Appendix 1.

2.1. Subsurface Conditions — Napa Mill. The land-based borings in the vicinity
of the Napa Mill indicate a soil profile of silts and clays to a depth of about 20 feet,
underlain by a dense, 20 to 25-foot thick clayey sand and gravel, underlain by 12 feet of
clay, underlain by another dense clayey sand and gravel layer approximately 10 feet
thick, underlain by a lean clay. The groundwater level varies on the borings logs, but is
generally about 13 feet below ground surface, or 7 feet above the top of the upper dense
sand and gravel layer. Borings 2F-03-3 and 2F-03-4, into the riverbed, were intended to
be 70 feet in depth, but problems during drilling restricted the depths to 35 and 24 feet
respectively. Drilling was very slow because the hollow-stem augers could not drill
through the upper dense sand and gravel layer and extensive wood debris (believed to be
remnants of boat docks constructed by the mill), and one hole was terminated due to hard
material (most likely boulders or concrete rubble) which caused refusal. Due to the
drilling problems in 2003, boring 2F-04-51 was drilled by mud rotary in the riverbed in
2004, successfully reaching full depth of 75 feet. The riverbed explorations indicate a
subsurface profile of 5 to 10 feet of very soft silts, silty sands, and clays (river
sediments), underlain by a 25-foot thick dense clayey sand and gravel, underlain by 25
feet of lean clay, underlain by 10 feet of dense clayey sand and gravel, underlain by lean
clay.



2.2. Subsurface Conditions — Fifth Street to First Street. Soil borings
between Fifth and First Streets indicate a soil profile of 20 to 22 feet of sandy clay,
underlain by a dense clayey sand and gravel, underlain by sandy lean clay, underlain by
another dense clayey sand and gravel layer, underlain by lean clay. The upper dense
clayey sand and gravel layer is about 30 feet thick from Fifth Street to just south of Third
Street, where it decreases to 8 to 10 feet thick. The underlying clay layer is 12 feet thick
at Fifth Street, and increases to 36 feet thick just south of Third Street. Upstream of
Third Street, this middle clay layer consists of about 19 feet of fat clay overlying about
17 feet of lean clay. The lower clayey sand and gravel layer is about 8 to 10 feet thick
over the entire area. The groundwater level on the boring logs varies but is about 14 feet
below ground surface between Fifth and Third Streets, and about 20 feet below ground
surface upstream of Third Street. The groundwater level is about 2 to 6 feet above the
top of the upper dense sand and gravel layer. Comparison of boring logs on land and in
the river at both the Third Street Bridge and the Napa Mill indicate that the elevation of
the top of the upper dense sand and gravel layer is several feet lower in the river than it is
in the upland areas.

3. Foundation Conditions of Existing Structures. Foundation information was
obtained for some of the existing structures in the contract area. The Napa River Inn
Suites building at the Napa Mill has two rows of 30-foot deep piles on the east side of the
building (closest to the soldier pile wall in this contract) and individual spread footings
over the rest of the building. Foundation conditions of the main Napa River Inn building
are not known. A portion of the building which overhangs the riverbank is founded on
piles, but it is not known if the entire building has a pile foundation. The Third Street
bridge abutment is founded on piles. Downtown Joe’s has a shallow foundation. The
counterfort concrete wall at the north end of the project has a shallow foundation. No
foundation information is available on the Semorile Building. Because the Semorile
building is a relatively light structure and the soils in the area have good bearing capacity,
it is possible the building has a shallow foundation.

4. Channel Development. The Channel Development is a planned, private-sector
development for the (currently) empty fields between Fifth and Third Streets. The
project is in design concurrently with the Hatt to First project. Preliminary plans show
two 3-story buildings with basement parking garages. The first story will be retail shops,
and the upper stories will be offices and condominiums. A meeting was held in early
2004 between the Corps, MGE, HLA, the Channel landowners, and the Channel design
A/E. Among other items, the location and elevations of a match line between the two
projects was determined. Both the Corps and Channel design teams will design up to the
match line. The Channel buildings will be no less than 37 feet from the lower wall of the
Hatt to First project. Thirty-seven feet was chosen in 2003 after a preliminary wall
design by the Corps of Engineers. The preliminary design assumed tiebacks would be
used for the lower soldier pile wall, and 37 feet was chosen because it was beyond the
anticipated tieback length, to avoid conflict between tiebacks and any below-ground
foundation or parking garage that the Channel team would design. The Channel
Development is not anticipated to impact the design of the lower and upper wall in this
contract. While final plans for the Channel Development have not been produced, the



first floor of the Channel Development will likely be somewhere between 16 and 19 feet
NGVD in elevation. The bottom of the lower wall is at elevation 1 foot NGVD between
Fifth and Third Streets. It is anticipated that the below-ground parking garage will be at
least 12 to 15 feet tall. Assuming the “worst-case” situation of a shallow foundation, the
foundation will likely be several feet thick, so the bottom of the Channel Development
will be at or below the bottom of the lower wall. The Channel Development is also
outside the active failure wedges of both the upper and lower walls in this contract (see
Appendix 7, first page). The schedules at this time indicate the Hatt to First contract will
be constructed prior to the Channel Development. Assuming this is the case, the Channel
contractor will have to vertical cut and shore the excavation for their foundation/parking
garage construction. Vertical cut and temporary shoring causes a horizontal stress release
in the surrounding soil, which can lead to deflection of the shoring and settlement of the
soil behind the shoring. The lower wall of this contract is not anticipated to be affected
due to the distance away and the 40-foot deep piles that the wall is founded upon. The
upper wall of this contract will be a minimum of 24 feet from the Channel Development.
The upper wall might be impacted as this wall is closer to the development and it has a
shallow foundation. The upper wall should be monitored during Channel Development
construction.

5. Liquefaction Evaluation. Most of the SPT N-values obtained in the sand and gravel
layers are above 30, indicating the soils are extremely unlikely to liquefy during an
earthquake. A few zones of lower SPT N-values do exist. A liquefaction analysis using
the simplified procedure of Seed and Idriss (reference 11) was conducted. Results are
given in Appendix 2. This analysis showed there is no potential for liquefaction in the
sand and gravel layers in the project area.

6. Floodwall Design. Inthe SGDM, the vertical wall was identified as a soldier pile
wall with tiebacks, and the shorter upper wall (north of Fifth Street) was identified as a
standard, T-shaped cantilever floodwall.

6.1. Subsurface Profiles and Material Properties. Three soil profiles were
provided to the structural engineers for the design of the floodwalls. These profiles were
developed by examining the soil borings in the project area. One profile covers the Napa
Mill area, another profile covers the area from Fifth Street to just south of Third Street,
and the third profile covers the remaining area. The profiles are shown in Appendix 3.
The sampling/laboratory testing plans for the deep soil borings drilled in 2003 included
undisturbed sampling and triaxial shear strength testing of clay soils. Not all the planned
undisturbed samples were actually collected, and some of the triaxial test results were not
believeable (for example, drained cohesion of 1200 pounds/square foot). Therefore most
of the properties of the clay soils shown in Appendix 3 are values developed in the
SGDM. Unconfined compression, triaxial, and consolidation test results are given in
Appendix 4. The SPT N-values were not used to determine the phi angles of the clayey
sand and gravel layers because the presence of the gravels produces artificially high N-
values. References 16 and 17 were used to determine the phi angles. Both references
recommend using a phi angle greater than 34 degrees for a silty gravel (USCS
classification GM) and a phi angle greater than 31 degrees for a clayey gravel (USCS



classification GC). References 16 and 17 also recommend phi angles of 33 and 31
degrees respectively for clayey sands (USCS classification SC). A phi angle of 33
degrees was used for this project. The shallow fat clay layer shown between 10 and 16
feet below ground surface in the Napa Mill profile does not appear to be continuous over
the entire Mill area; it was logged in some explorations but not in others. The layer was
included in the soil profile used for wall design for conservatism; fat clays in general
have lower shear strengths than lean clays.

6.2. Soldier Pile Wall Design.

6.2.1. Tiebacks. Early in the design process, the feasibility of using
tiebacks was examined. Since the preparation of the SGDM, a new building (Napa River
Inn Suites) has been constructed at the Napa Mill. The soldier pile wall will be 10 feet
from the eastern side of that building. As stated previously, the building has two rows of
pile foundations closest to the soldier pile wall. It was decided that tiebacks could not be
used at the Napa Mill and at Downtown Joes due to interference with the existing
foundations (the decision was made long before foundation drawings of Downtown Joes
were obtained). MGE designed the soldier pile so that tiebacks are not used anywhere
along it’s length.

6.2.2. Pile Installation. The method of pile installation was examined.
Due to the presence of the hard sand and gravel layer, the potential presence of
subsurface obstructions, and the closeness of operating private businesses (noise
complaints and possible vibration damage), driving piles using either a drop or vibration
hammer is not feasible. Jetting is also not feasible because jetting can cause unacceptable
settlements in nearby structures. Cast-in-drilled-hole (CIDH) piles will be used over the
entire contract area.

6.2.3. Preliminary Design. MGE’s preliminary analysis, documented in
their Wall Type Selection report (Reference 5) showed that the soldier pile wall from
station 0+00 to station 2+48 (where the wall height is greater than 20 feet) will need to be
on a footing with two, 2-foot diameter CIDH piles (called “Wall Type A”). Where the
wall height is between 17 and 20 feet, a standard soldier pile design with 40-foot deep, 3-
foot diameter CIDH soldier piles (called “Wall Type B”) is adequate . Where the wall
height is less than 17 feet, a standard soldier pile design with 40-foot deep, 2-foot
diameter CIDH soldier piles (called “Wall Type C”) is adequate.

6.2.4. Wall Loadings/Design. MGE submitted calculations of the wall
loadings, design values, and deflections in each of their submittals. The final values are
in the Structural Design Calculations (100% Submittal) report (reference 6). For
hydraulic structures, EM 1110-2-2502 (Reference 3) recommends the use of the
coefficient of earth pressure at rest (Ko) rather than the active earth pressure coefficient
(Ka) for calculating horizontal soil pressures on retaining and flood walls. This is
because hydraulic structures are often critical features, and since K is greater than Ka,
the calculated loadings will be higher, resulting in a more conservative design. For each
wall type, the station with the greatest free wall height was chosen for design. The soil



and water loadings were calculated for four different cases: end-of-construction, long-
term with no flood, long-term with a flood, and long-term with an earthquake and no
flood. The case which produced the highest loadings was selected for structural design
purposes. The small passive wedge above the bottom of the soldier pile wall was
ignored in all the calculations, simulating erosion at the toe of the wall. A rapid
drawdown case was not examined because rapid drawdown conditions are highly
unlikely to develop in this project. The 100-year hydrograph for the Napa River indicates
the river level rises and falls relatively quickly (2 days). The vertical concrete wall faces,
the pavements on the upper and lower promenade, and the trench drains will reduce water
infiltration into the soils behind the retaining walls. The lower wall has a drainage
system consisting of a geocomposite drainage net, gravelly sand structural backfill, and a
collector pipe surrounded in gravel with weepholes about 1 foot above the mean high tide
water level. Any excess water that infiltrates the backfill material will drain relatively
quickly.

6.2.5. Pile Design. Four references (EM 1110-1-1905, Bearing Capacity
of Soils, Reference 2; NAVFAC 7.2, Foundations and Earth Structures, Reference 7,
Engineering Manual for Drilled Shafts, Virginia Tech, Reference 9; and the FHWA
Drilled Shafts Manual, Reference 15) were used to determine the pile depth for the
(originally planned) 2-pile foundation system between stations 0+00 and 2+48 using the
maximum compression and tension loadings supplied by MGE at the 65% design
submittal stage (327 kips and 149 Kips respectively). The end bearing and skin friction
were calculated using all four of the references, and those values were averaged for the
final design value. Preliminary calculations are on file in the Soil Design Section; the
final design calculation spreadsheet is given in Appendix 5. Once it was determined that
seating the piles within the upper dense sand and gravel layer would not produce the
needed design loads, it was desired to seat the piles in the upper 1 or 2 feet of the lower
dense sand and gravel layer to take advantage of the increased end bearing value of that
layer. However, the exact elevation of the top of that layer is not known because only
one deep boring exists in the river, and the exact location of that boring is not known.
(GPS coordinates taken at the time of drilling place the boring in the middle of the river,
which according to the field geologist was not the actual location. The boring was
located on the site map by the geologist from memory.) Therefore, to be conservative,
the end bearing was calculated using the methods for clay soils, which produce a lower
end bearing than the methods for granular soils. The construction specifications require
the Contractor to drill small-diameter pilot holes every 24 lineal feet over the critical
Wall Type A foundation area prior to production CIDH pile installation. The pilot holes
will provide additional subsurface information prior to pile installation. Installing piles
often causes changes in the density of the surrounding soils. The drilling process to be
used in this project causes the density of granular soils to decrease. This decrease in
density causes a decrease in skin friction. The calculated skin friction of the granular
layers was multiplied by 0.7 (resulting in a decreased skin friction value) as per the
references. Drilling does not significantly effect the density of cohesionless (clay) soils,
so no multiplier was used to reduce the skin friction of the clay soils. Calculations
showed the preliminary design produced loadings that were too high for the initial pile
geometry. Difficult site conditions (nearby building, no equipment access by land, river



water, and soft river sediments) make performing a pile load test almost logistically
impossible at this site. EM 1110-2-2906, Design of Pile Foundations (Reference 4) states
minimum factors of safety (F.S.) for pile design are 2.0 if a pile load test will be
conducted and 3.0 if a pile load test will not be conducted. After discussion with MGE, a
new pile geometry was designed for Wall Type A. The new pile geometry consists of
rows of three 2-foot diameter piles located 8 feet apart. A pile tip elevation of —70 feet
NGVD was provided to MGE for inclusion on the plans and in quantities for the cost
estimate. Sixty-foot deep piles will provide the required compression and tension
loadings utilizing an F.S. of 3. The pile loadings are given in Table 1. MGE performed
final design, including lateral seismic loading and deflection, using the LPILE computer
program. The LPILE output is included in the Final Design Calculations (Reference 6).

Table 1. Pile Design Loadings.

Load Condition Maximum Load (Kips)
(F.S.=3)
Compression 86.87
Tension 60

6.2.6. Wall Deflection/Settlement. The force of the active soil wedge
behind a retaining wall will cause the wall to deflect outward over time. The Corps of
Engineers does not have a set requirement for retaining wall deflection (such as the
maximum allowable deflection is x% of the wall height). Obviously, deflection of the
retaining walls and the pile foundations must not be large enough to negatively impact
the structural capacity of those elements. The maximum deflection which will not
negatively impact the structural capacity will be determined by MGE. As the retaining
wall deflects outward, it causes settlement of the soil behind the retaining wall, as the soil
fills in the “gap” between the as-constructed wall and the deflected wall. The maximum
settlement will be immediately behind the wall, and the settlement will taper off to zero at
some distance away from the wall. Viewed in cross section, the area between the as-
constructed and the deflected wall shapes is typically assumed to be equal to the area
between the end-of-construction ground surface and the settled ground surface behind the
deflected retaining wall. An extensive literature search showed that no recent data has
been published on the deflection of cantilever retaining walls; all of the published data is
for retaining walls with tiebacks or braced cuts. To estimate deflection, a chart published
by Ralph Peck (Reference 14) was used. The chart showed, for the soil types at this site
and assuming average workmanship, the settlement will taper to zero where the (distance
from excavation divided by the depth of excavation) is about 2. For a free wall height of
24 feet (Wall Type A at the Napa Mill, the maximum for this project), that distance is 48
feet. Also according to the chart, the (settlement immediately behind the wall divided by
the depth of excavation) will be about 1%. For a free wall height of 24 feet, that is 0.24
feet (2.9 inches) of settlement. The chart showed a slight curvature between the 2
endpoints, but it is almost a straight line and it is common in practice to use a straight
line. MGE used the LPILE computer program to determine the deflection of the pile
foundation for each wall type in this contract, and they also calculated the deflection of



the top of the wall for each wall type. Those calculations are documented in their final
Structural Design Calculations report (reference 6). The total deflection at the top of the
retaining wall is calculated as 0.89 inches for Wall Type A at the Napa Mill; 1.81 inches
for Wall Type B, 1.75 inches for Wall Type C downstream of Third Street, and 3.41
inches for Wall Type C upstream of Third Street. Calculations conducted for Wall Type
A (Appendix 6) indicate the deflected area behind the retaining wall is considerably less
than the settlement area calculated using the Peck chart. This indicates that the retaining
walls in this contract are very stiff and the anticipated settlement will likely be less than
that estimated using the Peck chart. Except for Downtown Joes and possibly the
Semorile Building, all of the structures adjacent to the new retaining walls in this contract
are founded on piles. Given the low calculated deflections and the pile foundations,
settlement of those structures is anticipated to be less than one inch. Downtown Joes is
approximately 15 feet from Wall Type B, and the elevation of the bottom of their shallow
foundation footings is several feet below the top of Wall Type B. Given the low
deflection, the distance away from the new retaining wall, and the footing depth,
settlement of Downtown Joes is also expected to be less than an inch. The deflection of
the top of Wall Type C near the Semorile Building has been calculated at 3.41 inches.
Foundation conditions of the Semorile Building are not known. Given the larger
deflection of the retaining wall at this location and the unknown foundation conditions,
this building may experience more settlement than the others, but an exact amount can
not be accurately predicted. During construction, all existing structures in the project
area will be monitored daily for settlement (see Geotechnical Instrumentation section). If
the settlement of any structure exceeds 1 inch (or 0.75 inches for the old historic building
at the Napa Mill), the Government will be notified and the Contractor must stop work and
adjust his methods, equipment, and/or operations to prevent additional settlement.

6.2.7. Drainage and Excavation/Backfill. A geosynthetic wall drain
with a collector pipe and weep holes located about 1 foot above the mean high tide water
surface elevation will provide drainage to the retained soil behind the soldier pile wall.
Granular material with 35 to 100% finer than the No. 4 sieve and no more than 5% finer
than the #200 sieve is specified as structural backfill material. The sand backfill will
assist in drainage behind the walls. Except at the Napa Mill and possibly at Downtown
Joes, the excavation required to construct the walls will be cut back no steeper than a
1H:1V slope on the landside. After construction of the walls, the excavation will be
backfilled with structural backfill material to ensure that the entire active wedge failure
zone behind the walls is composed of the same soil type. At the Napa Mill, existing
buildings located close to the wall do not permit sloping the excavation. Between
stations 0+00 and approximate station 2+40, the soldier pile wall is a fill wall. Upstream
of station 2+40, the soldier pile wall is a cut wall. For the fill wall segment, minor
excavation is needed at the base of the wall, and the area between the constructed wall
and the existing ground surface will be filled with structural backfill material. In the cut
wall segment, temporary shoring, approximately 2 or 3 feet behind the back of the
completed soldier pile wall, will be used to stabilize the excavation. The area between
the completed soldier pile wall and the temporary shoring will be backfilled with
structural backfill material. Design of the temporary shoring is the responsibility of the
Contractor. The contract specifications require the Contractor to submit a temporary



shoring plan for Government approval prior to construction. Two possibilities for
temporary shoring are a soldier pile wall with H-piles in drilled holes and wood lagging,
or a soil nailed wall.

6.2.8. Pile Specification. Neither the Sacramento District nor the Unified
Facilities Guide Specification (UFGS) databases include a guide specification for CIDH
piles. After a review of all the concrete pile specifications, it was decided to modify the
UFGS Drilled Foundation Caisson guide specification for this project. Based on the soil
boring logs, groundwater is expected to infiltrate the pile borings, and caving sands were
encountered in a few of the borings. The specification will require the Contractor to use
temporary steel casings, concrete seal courses, and/or pumping (or any combination
thereof) in the pile boreholes to prevent groundwater infiltration and sidewall caving.
The specification will also require the drilling of small-diameter pilot holes every 24
lineal feet prior to the production pile drilling for Wall Type A. The purpose of the pilot
holes is to obtain additional information about the subsurface soil conditions and the
presence of any subsurface drilling obstructions prior to production CIDH pile drilling in
this critical area.

6.3. Upper Wall Design. EM 1110-2-1905 (Reference 2) and EM 1110-2-2502
(Reference 3) were used to calculate the bearing capacity of the soils for the shallow
foundation of the upper wall. Details are shown in Appendix 7. The drawing on the first
page of Appendix 7 is a to-scale depiction of the anticipated construction conditions of
the dual-wall system, with 1 foot of structural backfill below the shallow footing.
Depending on the reference, the zone of influence for shallow foundation bearing
capacity extends below the footing to a depth of 2 to 3 times the width of the footing.
Therefore, structural backfill (granular), insitu sandy clay, and insitu dense sand and
gravel will all exist within the bearing capacity zone of influence. Because of differing
cohesion and phi values of the various soils, the soil types will have different bearing
capacities, and the actual value will be somewhere in the middle. Calculations were
conducted for the sandy clay and structural backfill soils. A value of 2,000
pounds/square foot was selected for the design of the upper wall. A bearing failure
would likely “concentrate” in the sandy clay soil, as it is the weakest soil type. A value
of 2,000 pounds/square foot is likely conservative, but not excessively so. A settlement
analysis of the upper wall was not conducted because the settlement will be negligible.
The concrete wall is replacing an equivalent volume of soil. While concrete has a higher
unit weight than soil (150 pounds per cubic foot as opposed to 119 pounds per cubic
foot), the resulting stress increase will be very small. The clay soils in Napa are slightly
overconsolidated. The stress increase caused by the upper wall will produce a stress
lower than the preconsolidation pressure. Below the preconsolidation pressure, the
recompression coefficient (C,) is used instead of the coefficient of consolidation (C;)
when calculating settlements. Since C; is always at least one order of magnitude less than
C. and the stress increase is very small, settlement will be negligible.

6.4. Global Stability. The computer program UTEXAS4, developed by Dr.
Stephen Wright, was used to evaluate the global stability of the dual-wall system
upstream of Fifth Street. A “composite section”, consisting of all the worst-case



conditions, was used in the analysis. The soil profile upstream of Third Street was used,
as this profile contains only 8 feet of the upper dense (strong) clayey sand and gravel
layer, in addition to two (weak) fat clay layers that are not present south of Third Street.
The free wall height of the upper wall is relatively constant (6 to 6.5 feet) throughout the
project area. The maximum free wall height of the lower wall (about 10 feet) occurs at
the northern end of the project area, and the two maximum free wall heights were used.
The river bottom elevations at Third Street were used, as the river bottom elevation at the
northern end of the project is shallow (Napa Creek instead of the Napa River). Analyses
were conducted for end-of-construction, long term with no flood, long term with a flood,
and long term with an earthquake and no flood conditions. Rapid drawdown analysis
was not conducted because rapid drawdown conditions will not develop in this project as
stated in paragraph 6.2.4, Wall Loadings/Design. For the long term with earthquake
analysis, a seismic coefficient of 0.15 was used as per the SGDM. Failure surfaces are
shown in Appendix 8. Calculated factors of safety are given in Table 3. No Corps
minimum requirements exist for global slope stability of retaining walls, but Table 2 lists
the Corps minimum factors of safety for sliding stability at the base of inland floodwalls
and for flood-control levees for comparison. For global stability, long term with an
earthquake is the most critical situation.

Table 2. Results of Slope Stability Analysis

Condition F.S. (Calculated) Minimum F.S. Minimum F.S.
(Base Sliding) (Flood Control
Levee)
End of Construction 1.89 1.33 1.3
Long Term 2.65 1.5 14
Long Term w/Flood 4.80 1.5 1.4
Long Term 1.22 1.1 None Listed
w/Earthquake (1.1 Typically Used)

Because the long term with earthquake is the most critical condition, that condition was
used to evaluate the effect of the shallow-foundation surcharge of Downtown Joes on
global stability. The long term with earthquake analysis was repeated to determine the
maximum building surcharge that would result in a factor of safety of 1.1. A surcharge
of 2,200 pounds per square foot produced a factor of safety of 1.10. According to MGE,
a building of the size and type of Downtown Joe’s would typically have a surcharge load
of about 1,000 pounds per square foot (Appendix 9). The long-term analysis was also
conducted with a 2,200 pounds per square foot building surcharge, resulting in a factor of
safety of 2.11. Therefore the global stability of the dual-wall system is not a concern.

7. Terrace Excavation. A marsh plain terrace, with a slope varying between 6H:1V and
4H:1V, will be excavated on the riverside of the soldier pile wall. The terrace will be
excavated out into the river until the excavation line intersects with the existing river
bottom. The purpose of the terrace is to provide additional channel capacity for flood
flows. Some excavated material will be used as fill during construction. The remaining




material will be placed in the Ghisletta disposal site. To protect the toe of the soldier pile
wall from scour, riprap will be placed over the entire wall length.

8. Dewatering. Dewatering is a major concern for this project. Dewatering system
design is the responsibility of the Contractor. The contract specifications require the
Contractor to submit a dewatering plan for Government approval prior to construction.
Based on the geotechnical explorations, groundwater will likely be encountered
somewhere between elevations +1 and -2 feet NGVD. The water elevation of the Napa
River varies from about +3.75 feet NGVD at high tide to about —2.84 feet NGVD at low
tide. Upstream of approximate station 2+80 along the soldier pile wall layout line, the
bottom of the lower wall is at elevation +1 foot NGVD. The only exception is at
Downtown Joes, where the bottom of the lower wall is at elevation —4 feet NGVD for a
distance of approximately 116 lineal feet due a depression in the existing ground surface
in that area. It is anticipated limited dewatering measures will be required upstream of
station 2+80. The marsh plane terrace is about 25 to 30 feet wide over most of this area.
Dewatering in this area may be accomplished by temporarily piling excavated soil on the
waterside end of the marshplane terrace to keep the river flows out, supplemented by the
use of pumps and/or a seal course (a thin layer of concrete as per Caltrans standard
specification 51-1.10) in the base of the excavation if necessary to control groundwater
infiltration. Groundwater control for the CIDH pile boreholes is discussed in paragraph
6.2.8, Pile Specification. Downstream of station 2+80, dewatering will require a
significant effort. A temporary cofferdam will likely be required to keep the river water
out of the lower wall excavation. Possible methods for cofferdam construction are a
sheet pile wall, a soldier pile wall with excavated H-piles and wooden lagging, or a deep
soil mixed wall below ground with H-piles sticking above ground and wooden lagging
between the piles. For construction of both the Third and First Street bridges, sheet pile
cofferdams were used to construct the bridge piers. According to City of Napa Public
Works personnel (Appendix 9), the contractors used vibratory hammers to install the
sheet piles, except for a few piles at the First Street bridge where a diesel drop hammer
had to be used after refusal with the vibratory hammer. It is well documented that
vibratory hammers produce lower vibrations than drop hammers (References 12 and 13).
According to several references (Figure 11 in Reference 8, Chapter 8 in Reference 12,
and Figure 7 in Reference 13), cosmetic cracking in buildings typically will not occur if
the peak particle velocities in the soil at the building site are less than 3 inches per
second. Reference 12 discusses a British study where both sheet and H-piles were
installed using both drop and vibratory hammers through a moderately dense sand layer
only 1.6 feet away from a brick wall. The maximum particle velocity was measured as
2.6 inches per second at the brick wall and the wall was not damaged in any way. For
this project, a temporary cofferdam on the waterside of the soldier pile wall will be about
25 feet away from the Napa Mill buildings. According to Reference 12, pile driving
vibrations dissipate fairly quickly. The dewatering specifications will allow the use of
vibratory hammers only to install sheet pile walls, and the particle velocities at the
buildings must be kept below 1 inch per second. Unfortunately, vibrations typically
become bothersome to humans at a velocity of about 0.3 inches per second, so the
perception of people within the Napa Mill buildings of excessive vibrations will occur
prior to any building damage occurring. While a sheetpile temporary cofferdam will



keep out water from the riverside, some groundwater infiltration from the landside will
occur. Because the upper sand and gravel layer is so dense and has a high fines content ,
it’s permeability will likely be low for that soil type, reducing groundwater infiltration.
Pumps and/or seal courses may be sufficient to dewater the excavation from the landside.
If not, a short sheetpile wall or shallow wellpoints may be required.

9. Constructability. Numerous constructability concerns exist for this contract. A
major concern is the presence of debris and possible boulders in the subsurface. Some of
the borings drilled in 2003 encountered refusal and had to be terminated or moved over 5
feet due to the obstacles. When drilling for the CIDH piles, a high-powered drill rig and
a strong drill bit must be used. If refusal is encountered, a small-diameter test or pilot
hole should be drilled through the object to determine exactly what the object is and how
deep it extends. Very shallow obstacles can be excavated out and replaced with
aggregate base course or concrete. Deeper obstacles, if encountered, will be assessed on
a case-by-case basis. Objects can often be broken up with special equipment, such as
down-the-hole hammers and churn drills (Reference 10). The Contractor must have
equipment to perform these operations on-site or readily obtainable (within 36 hours to
avoid long and costly construction delays). If an obstacle cannot be broken up and drilled
through, the pile will have to be relocated along the wall alignment. This could entail
replacing one pile with two piles, with the new piles on either side of the planned pile.
Changing pile locations and/or number of piles would necessitate a redesign of the
reinforcing bars that connect the pile to the structural concrete of the wall. The contract
bid sheet contains one bid item for 24-inch CIDH piles and another bid item for 36-inch
CIDH piles with the quantities (measured in length) as shown on the contract drawings.
There are also optional bid items for additional length of 24-inch CIDH piles and
additional length of 36-inch CIDH piles. These optional items can be exercised if
unexpected conditions during construction necessitate a redesign of a portion of the
foundation. Access is another major concern. Construction equipment cannot access the
area behind the Napa Mill, so construction will have to be from a barge or a temporary
platform constructed over the Napa River. Access is also limited at Downtown Joes.
Heavy construction close to existing structures could cause excessive movements or
vibrations that could lead to damage. Geotechnical instrumentation will be installed and
monitored during construction to ensure that adjacent buildings and structures are not
damaged (see Geotechnical Instrumentation section). The contract specifications require
the Contractor to have a geotechnical engineer to monitor the geotechnical site conditions
during construction. The Corps geotechnical designer will also make frequent site visits
to monitor conditions. The Corps geotechnical designer will be on site all the time during
the installation of the CIDH piles for Wall Type A, and will visit the site once or twice a
week during installation of the remaining CIDH piles. The Corps will also have the
structural designer under contract during construction to handle structural issues which
arise during construction.

10. Geotechnical Instrumentation. Because heavy construction activities will occur
very close to existing structures, geotechnical instrumentation is required to monitor the
structures to prevent damage. The primary concern is settlement/tilting of the structures,
with vibrations from construction equipment as a secondary concern. The following



structures will be monitored during construction: all the buildings and patios at the Napa
Mill, the Third Street Bridge abutment, Downtown Joes, the Semorile building, and the
counterfort concrete retaining wall. Due to access limitations and the fact that some of
the structures are on pile foundations, monitoring for settlement/tilting will be conducted
by the use of surveyed settlement monuments and/or beam tiltmeters. Some monuments
will be installed in the ground near the structures, and some will be attached to the
structures themselves. All instrumentation must be installed and an initial set of readings
taken prior to the beginning of all other construction activities. Vibrations will be
monitored daily while construction is occurring near a specific structure.
Settlement/tilting will be monitored daily when construction is occurring near a specific
structure and for a week afterwards, and once a week thereafter for 2 months. The
contract specifications require the Contractor to submit an instrumentation plan for
Government approval prior to construction.

10.1. Inclinometers. Due to limited space and access at most buildings
inclinometers will most likely not be used to monitor ground movement due to
excavation for the wall. Recommend that at least two inclinometers be installed along
the slope between the Oberon Building and the River. Inclinometers should indicate any
slope movement caused by excavation.

10.2. Observation Wells. Observation Wells should be installed adjacent to
buildings at the Napa Mill where dewatering is anticipated. Dewatering can lower the
groundwater table and induce settlement. Recommend that at least three observation
wells be placed around each building in the dewatering area. At least two observation
wells should be located on the slope between the building and river or one on each side of
the building. At least one observation well should be installed along the other end of the
building. This should provide a picture of groundwater elevations, and potential
settlement, under the entire building.

10.3. Survey Monuments. Recommend survey monuments be placed on the
abutment of the Third Street Bridge, Fourth Street, and the patio connecting the Angele
Building and Napa River Inn Suites. The abutment should have at least one monument,
Forth Street should have at least one monument, and the patio should have at least three
monuments. In addition survey monuments can be placed on buildings to monitor
structural movement. Recommend at least two monuments on each side of the building
facing the river or one on each side the building adjacent to the wall of the building
facing the river.

10.4. Beam Tiltmeters. Beam Tiltmeters may be used in addition or in place of
survey monuments for structural rotation (vertical beam tiltmeters) or observation wells
for settlement (horizontal tiltmeters). Recommend that two vertical beam tiltmeters be
placed on each side the face of the building and one horizontal beam tiltmeter be placed
at the side of the building facing the river.

10.5. Vibration Monitors. Recommend at least one vibration monitor be placed
on each building.
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PHOTOS



Historic Mill Building

Photo 1. View of the southern end of the Napa Mill complex from across the Napa
River.

Historic Mill New Napa River Inn
Building Suites Building

Photo 2. View of the Napa Mill complex from across the Napa River.



Photo 3. View of the southern end of the Napa Mill complex. The soldier pile wall will
tie into existing ground (station 0+00) in this area.
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Photo 4. View of the patio behind the Napa Mill complex.



Photo 5. View of cantilevered portion of the historic Napa Mill building. The soldier
pile wall will be 10 feet to the left of this building wall.
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Photo 6. View of vacant lot from Fourth Street to the Napa Mill, looking south
(downstream)
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Photo 7. View of parking lot at Fourth Street, looking north (upstream) towards the
Third Street Bridge (in background).



Photo 8. View of Veterans Park, looking north (upstream) towards Downtown Joes (in
background).

Photo 9. View of east wall of Downtown Joes, looking south. Soldier pile wall
alignment is about 25 feet to the left of the building wall.



Photo 10. View of parking lot north of Downtown Joes, looking northeast. Upstream
end of soldier pile wall ties into the corner near the center of the photograph.
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APPENDIX 1: RANEY GEOTECHNICAL BORING LOGS
AND CPT DATA
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DRY DENSITY - PCF —L

MOISTURE CONTENT - X%

) I'MM

UNCONFINED STRENGTH - TSF —r

W Geotechnical Inc

LOG OF BORING gE
1o

PLATE b
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CLASSIFICATION TEST RESULTS
SAMPLE DEPTH LIQUID PLASTIC |PLASTICITY SOIL
SYMBOL LOCATION FEET LIMIT LIMIT INDEX |CLASSIFICATION
) BORING 2 6.0 40 23 17 cL

ATTERBERG LIMIT DATA

Il Geotechnical Inc

PLATE 7




" CHECKED BY:

PLATE NUMBER:

DEPTH IN FEET

12

16

20

BORING P1
DRILLED: 2/17/99

1] SM] LIGHT BROWN GRAVELLY SILTY SAND FILL
1H WITH OCCASIONAL RUBBLE--MEDIUM

1] ML DENSE, DRY |

| GRAY-BROWN CLAYEY SILT--MEDIUM 2 ¥2?

STIFF, MOIST

SOFT TO MEDIUM STIFF

f111SM| BROWN SILTY FINE TO MEDIUM

SAND--LOOSE TO MEDIUM DENSE,
SLIGHTLY MOIST

VERY LOOSE

GRAY, GRADING LESS SILTY AND WITH
OCCASIONAL FINE GRAVEL; VERY MOIST

i

GROUNDWATER LEVEL, 2/17/99

1.

NOTES:

THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY
AT THE BORING LOCATION AND TIME DESIGNATED.
NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON
PLATE 19.

UNDISTURBED SOIL SAMPLE OBTAINED WITH DIRECT PUSH
EQUIPMENT.

FREE GROUNDWATER MEASURED DURING DRILLING.

GRAB GROUNDWATER SAMPLE OBTAINED.

Il Geotechnical Inc

LOG OF BORING




BORING P2
DRILLED: 2/17/99

TISMN\CONCRETE FLOOR SLAB 2" FILL
LIGHT BROWN SILTY FINE SAND WITH
Hl GRAVEL AND RUBBLE--MEDIUM DENSE, l
Hi:

2. Y2

. DRY
11 ML GRADING WITH NO GRAVEL AND RUBBLE,
LOOSE

BROWN FINE SANDY SILT--LOOSE TO
MEDIUM DENSE, SLIGHTLY MOIST

GRADING MORE SANDY
MEDIUM DENSE

1{{}iSM| BROWN VERY SILTY FINE SAND--MEDIUM
L DENSE, SLIGHTLY MOIST

eSS PP

b

DATE:

1{:lSM| GRAY-BROWN SLIGHTLY SILTY FINE
[{:ISP| “SAND--MEDIUM DENSE, MOIST

12

DEPTH IN FEET

GRADING CLAYEY

¥ GROUNDWATER LEVEL, 2/17/99

CHECKED BY:

16

7

20

NOTES:

1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY
AT THE BORING LOCATION AND TIME DESIGNATED.

2. NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON
PLATE 19. :

3. SEE ADDITIONAL NOTES ON PLATE 6.

PLATE NUMBER:

LOG OF BORING




BORING P4
DRILLED: 2/17/99
0 .
TTism CONCRETE SLAB 4" FILL
Tt BROWN FINE GRAVELLY SILTY FINE TO
11t COARSE SAND--MEDIUM DENSE,
SLIGHTLY MOIST
1o
S, 4
|l ed
=\
sl
o
T
o 8
2Y¥Y?
| o
| i
A8 .
| ™S A 12
Yz g d DARK GRAY CLAYEY SILTY FINE
e X SAND--LOOSE, SATURATED
B GRADING WITH MORE CLAY
5 16 GROUNDWATER LEVEL, 2/17/99
Z1n
9
9
|
b
=|¢ o 20
e NOTES:
Sl 1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY
55 AT THE BORING LOCATION AND TIME DESIGNATED.
=z 2. NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON
e w PLATE 19.
Ne 3. SEE ADDITIONAL NOTES ON PLATE 6.
E
m
Geotechnical Inc
LOG OF BORING




BORING P6
DRILLED: 2/18/99

111SM| BROWN FINE GRAVELLY SILTY FINE SAND FILL
1 WITH CONCRETE RUBBLE--LOOSE, DRY
? l ?
@ TIML] BROWN VERY SAND SILT--LOOSE TO
cle MEDIUM DENSE, MOIST
la
|-~
i8S 8
g ’ H11{SM| BROWN SILTY FINE SAND--LOOSE, MOIST
-
]
8 w 1
A 12 j
o u SLIGHT DARK GRAY STAINING; SLIGHT
3 W HYDROCARBON ODOR, GRADING WITH
HE O 1 MORE SILT
T 13l GROUNDWATER LEVEL, 2/18/99
o 16 VERY LOOSE
zlo
2|0
[
]
N —~
S|~ 20

NOTES:

1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY
AT THE BORING LOCATION AND TIME DESIGNATED.

2. NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON
PLATE 19.

3. SEE ADDITIONAL NOTES ON PLATE 6.

PLATE NUMBER:

I Geotechnical Inc

LOG OF BORING

PLATE 1



BORING P7
DRILLED: 2/18/99

T1113SM| BROWN SILTY FINE TO MEDIUM SAND FILL
WITH CONCRETE RUBBLE--LOOSE, DRY

fllll | GRADING WITH NO RUBBLE , | ,
il | VERY LooSE

BROWN FINE SANDY SILT--VERY LOOSE,
MOIST

T ACESSSe T e
Eig;zg;.
H

SRvET
DATE:
[o 2]

GRADING WITH MORE FINE SAND

12

DEPTH IN FEET

GRAY-BROWN SILTY FINE SAND--VERY

LOOSE, SATURATED; HYDROCARBON
ODOR

GROUNDWATER LEVEL, 2/18/99
LOOSE

CHECKED BY:

16

12

20

NOTES:

1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY
AT THE BORING LOCATION AND TIME DESIGNATED.
NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON
PLATE 19.

3. SEE ADDITIONAL NOTES ON PLATE 6.

B ot
S ke o e L

PLATE NUMBER:
i

LOG OF BORING




4/23799
4

DATE:

#

GC

RARNBYT
CHECKED BY:

13

PLATE NUMBER:

DEPTH IN FEET

12

16

20

BORING P8
DRILLED: 2/18/99

H1HSM

BROWN SILTY FINE SAND WITH CONCRETE
RUBBLE--LOOSE, DRY

VERY LOOSE

ML

BROWN VERY SANDY SILT--VERY LOOSE,
SLIGHTLY MOIST

Y

i<

BROWN VERY SILTY FINE SAND--LOOSE,
SLIGHTLY MOIST

GRAY-BROWN, GRADING WITH LESS SILT

GROUNDWATER LEVEL, 2/18/99
STRONG HYDROCARBON ODOR

NOTES:

FlLL

1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY
AT THE BORING LOCATION AND TIME DESIGNATED.
2. NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON
PLATE 19.

3. SEE

ADDITIONAL NOTES ON PLATE 6.

LOG OF BORING

PLATE 13




T T o
WnLgq .

s i g w“ »mg‘wé . oA A
CHECKED BY: _[AYY¥w»n  DATE:

15

PLATE NUMBER:

DEPTH IN FEET

12

16

20

BORING P10
DRILLED: 3/17/99

r SMIN\CONCRETE SLAB 3" FILL
BROWN VERY SILTY FINE SAND--VERY

LOOSE, MOIST |

I VERY LOOSE TO LOOSE

=t ¥ GROUNDWATER LEVEL, 3/17/99

NOTES:

1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY
AT THE BORING LOCATION AND TIME DESIGNATED.

2. NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON
PLATE 19.

3. SEE ADDITIONAL NOTES ON PLATE 6.

LOG OF BORING




_/reIr??

ODATE:
DATE:

DRA
CHECKED BY:

16

PLATE NUMBER:

DEPTH IN FEET

12

16

20

BORING P11
DRILLED: 3/17/99

| CONCRETE SLAB 4"

FILL

.-SMI\BROWN SILTY FINE SAND WITH FINE
GRAVEL--LOOSE TO MEDIUM DENSE,
MOIST

VERY LOOSE

LOOSE, MOIST

e

GROUNDWATER LEVEL, 3/17/99

T

ML| DARK BROWN VERY SANDY SILT--VERY

NOTES:

1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY
AT THE BORING LOCATION AND TIME DESIGNATED.
2. NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON

PLATE 19.
3. SEE ADDITIONAL NOTES ON PLATE 6.

LOG OF BORING

Il Geotechnical Inc




BORING P12
DRILLED: 3/17/99
Y T S \CONCRETE SLAB 3" FiLL
BROWN SILTY FINE SAND--LOOSE TO MEDIUM DENSE,
MOIST
gy
g 2?2
5
i o
BN
3
3
N
10
L
=0 0 -
i )
»| u ¥
: > GROUNDWATER LEVEL, 3/17/99
: 15 - HYDROCARBON ODOR
=0 -
g0 o
. w
‘ &
>
=0 M
e 20
V4
[&]
w
X
[&]
25
-
-]
@
uf 30
55 NOTES:
< 1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY
,"_’ AT THE BORING LOCATION AND TIME DESIGNATED.
< 2. NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON
a PLATE 19.
3. SEE ADDITIONAL NOTES ON PLATE 6.
LOG OF BORING




BORING P13
DRILLED: 3/17/99

0 "
[ ISMI\ASPHALTIC CONCRETE 3 FILL
it{] | BROWN SILTY FINE SAND--VERY LOOSE,
- MOIST |
? ?
| 3
Qg |
n
N
\
‘¢
W '
= =
15 g 8
5 VERY MOIST
by o
)
5 12
g ee T
‘5o &
8 5
S Y
Py = GROUNDWATER LEVEL, 3/17/99
© 16 =1
i E
9 =
» =
o8
2 20
e NOTES: |
:g pred 1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY
tE AT THE BORING LOCATION AND TIME DESIGNATED.
22 2. NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON
tow PLATE 19.
¥ T 3. SEE ADDITIONAL NOTES ON PLATE 6.
h
Do
¥

IGeotechnicall
LOG OF BORING EE :
- 5RY

PLATE 18




-
p=

S7i9 99"

DATE:?

GC

[E—

"~ DRAWNBY:
CHECKED BY:

ata-oes”

19

PR ECT NUMDER ™

A,
i

w
-
<
o

PLATE NUMBER:

DEPTH IN FEET

12

16

20

BORING P14
DRILLED: 5/17/99

1§SM! LIGHT BROWN SILTY FINE SAND--LOOSE TO FILL

MEDIUM DENSE, MOIST |
::_.J_ ? ?

ISP GRAY FINE SAND--LOOSE, VERY MOIST

HYDROCARBON ODOR
GROUNDWATER LEVEL, 5/17/99

NOTES:

1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY
AT THE BORING LOCATION AND TIME DESIGNATED.

2. NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON
PLATE 25.

3. SEE ADDITIONAL NOTES ON PLATE 6.

Il Geotechnical In

LOG OF BORING :

PLATE 19
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SCAPrIP
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UATE:S

UKAWN D3
CHECKED BY:

‘aca-ygyo

U EG 1T (NUMDEICS

DATE

oo

20

PLATE NUMBER:

DEPTH IN FEET

pury
N

16

20

BORING P15
DRILLED: 5/17/99

11{SM| LIGHT BROWN SILTY FINE SAND--LOOSE TO
1 MEDIUM DENSE, MOIST

HYDROCARBON ODOR

<

GROUNDWATER LEVEL, 5/17/99
>.{SP| GRAY FINE SAND--LOOSE

NOTES:

1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY

AT THE BORING LOCATION AND TIME DESIGNATED.
2. NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON
PLATE 25.

3. SEE ADDITIONAL NOTES ON PLATE 6.

LOG OF BORING

FILL

?Y?




i
£
3

ClL o

URAWN bBY3:
CHECKED BY:

" gEa=00D

21

N e BT NUrIDER s T

PLATE NUMBER:

DEPTH IN FEET

12

16

20

BORING P16
DRILLED: 5/17/99

MEDIUM DENSE, MOIST

GROUNDWATER
GROUNDWATER LEVEL, 5/17/99

{}1SM| LIGHT BROWN SILTY FINE SAND--LOOSE TO FILL

STRONG HYDROCARBON ODOR; SHEEN ON

-:JSP| GRAY FINE SAND--LOOSE

NOTES:

THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY
AT THE BORING LOCATION AND TIME DESIGNATED.
NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON

PLATE 25.
SEE ADDITIONAL NOTES ON PLATE 6.

LOG OF BORING

H Geotechnical Inc
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CHECKED BY:

ot TOOUD

a2

[ IS 1%, ¥1

PLATE NUMBER:

Frivrw e

DATE:

DEPTH IN FEET

ary
N

16

20

BORING P17
DRILLED: 5/17/99

MEDIUM DENSE, MOIST

HYDROCARBON ODOR
7 ASC\NGROUNDWATER LEVEL, 5/17/99

1{1#SM| LIGHT BROWN SILTY FINE SAND--LOOSE TO FILL

2 Y?

GRAY CLAYEY FINE SAND--LOOSE

NOTES:

1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY
AT THE BORING LOCATION AND TIME DESIGNATED.
2. NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON

PLATE &s5.
3. SEE ADDITIONAL NOTES ON PLATE 6.

LOG OF BORING

B Geotechni

cal Inc

PLATE 22
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3
N
A
]
)

e Y § -

CHECKED BY:

o b reiv ' e

e e ol s 1

DATE:

PLATE NUMBER:

DEPTH IN FEET

10

15

20

25

30

BORING P18

DRILLED: 5717799

11{]]SM| LIGHT BROWN SILTY FINE SAND--LOOSE TO MEDIUM FiLL
| DENSE, MOIST

i GROUNDWATER LEVEL, 5/17/99
HYDROCARBON ODOR

GRAY FINE SAND--LOOSE

NOTES:

1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY
AT THE BORING LOCATION AND TIME DESIGNATED.

2. NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON
PLATE 25.

3. SEE ADDITIONAL NOTES ON PLATE 6.

Il Geotechnical Inc
>

LOG OF BORING




UL VHIER:S " O/ 1lYryYy

UKW DT3
CHECKED BY:

- D

24

[} L TV -1, W R

Pt e 8"

DATE: &

’

PLATE NUMBER:

DEPTH IN FEET

12

16

20

BORING P19
DRILLED: 5/17.99

MEDIUM DENSE, MOIST

HYDROCARBON ODOR

H{1{SM| LIGHT BROWN SILTY FINE SAND--LOOSE TO FILL

%~ ISP GROUNDWATER LEVEL, 5/17/99
-:+] | GRAY FINE SAND--LOOSE

NOTES:

1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS ONLY
AT THE BORING LOCATION AND TIME DESIGNATED.
2. NOMENCLATURE USED TO DESCRIBE SOILS DEFINED ON

PLATE 25.
3. SEE ADDITIONAL NOTES ON PLATE 6.

LOG OF BORING

I Geotechnical Inc
>

PLATE 24




PROJECT: Napa River Flood Control Project

LOCATION: Napa CA
PROJ. NO.: COE-01

DEPTH Qc Fs
(feet) (tsf) (tsf)
1.00 24,70 0.67
1.50 28.90 0.42
2.00 45.39 0.76
2.50 41.39 0.82
3.00 45.09 0.75
3.50 34.79 0.52
4.00 38.19 0.61
4.50 41.79 0.66
5.00 54.89 0.86
5.50 63.49 0.96
6.00 63.39 0.89
6.50 78.39 1.1
7.00 70.99 1.27
7.50 67.09 1.29
8.00 67.69 1.85
8.50 61.49 1.39
9.00 65.49 1.72
9.50 65.59 1.25
10.00 37.79 0.84
10.50 18.70 0.63
11.00 16.30 0.42
11.50 16.20 0.37
12.00 11.90 0.26
12.50 12.40 0.20
13.00 10.40 0.14
13.50 9.90 0.13
14.00 13.50 0.34
14.50 7.50 0.13
15.00 9.70 0.15
15.50 8.60 0.15
16.00 6.90 0.10
16.50 4.70 0.08
17.00 5.50 0.07
17.50 6.10 0.09
18.00 5.30 0.07
18.50 5.01 0.10
19.00 8.50 0.29
19.50 9.50 0.36
20.00 10.20 0.39
20.50 41.20 1.39
21.00 135.58 3.02

21.50 66.10 2
22.00 105.89 2
22.50 83.69 2
23.00 138.18 2
23.50  252.05 3
24.00 255.05 5
26.50 316.23 2
25.00 185.37 2
25.50 304.34 3
26.00 321.73 6.46
26.50 69.40 2
27.00 53.30 0
27.50 43.10 2
28.00 44.50 2
28.50 27.31 1
29.00 28.41 1
29.50 179.17 2
2
2
1
0

30.00 118.78 .48
30.50 120.48 .19
31.00 47.00 52
31.50 13.41 39

32.00 98.19  2.80

Rf
%

2

1
1
1
1
1
1
1
1
1
2
2
2
1
2
3
2
2
2

0

2
4
1
5
6
3
4
1
2
1
3
2
2

2.
1
1
2

1
1
1
2.
1
1
1
1
1
1
1
1
2.
3.
3.
3.
3.
2
3.
2.
2.
1
1
2.
1
1

CPT NO.

DATE :

ESTIMATED WT DEPTH:

SPT
(N)

12
12
18
17
15
12
15
14
18
21
21
26
24
22
27
20
26
22
13
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PHI

(deg.)

45
44
43
44
44
44
44
b4
43

42
42
38

: CPT-94-2 Page 1 of 3

10-14-1994

20.17 feet
SsuU SOIL BEHAVIOR DENSITY RANGE

(ksf) TYPE (pcf)
2.90 clayey SILT to Silty CLAY "
3.39 Sandy SILT to Clayey SILT "
5.33 " 130-140
[..85 " 1
---- Silty SAND to Sandy SILT "
—--- " 120-130
4.46  Sandy SILT to Clayey SILT e
-e-- Silty SAND to Sandy SILT "
---- 11 1
-.-- " 130-140
-.-- " 120-130
-a==a [N} "
---- " 130-140

7.90 Sandy SILT to Clayey SILT "

-.-- Silty SAND to Sandy SILT vt

7.64 Sandy SILT to Clayey SILT v

---- Silty SAND to Sandy SILT "
"

2.12  Clayey SILT to Silty CLAY 120-130
1.83 " "

1_82 [N (]
1.3 " 110-120
1.36 " 100-110
1.13 " 90-100
1.07 (K] [
1.49 Silty CLAY to CLAY 110-120
0.78 Clayey SILT to Silty CLAY 90-100
1.03 " 100-110
0.90 [N} 1
0.70 " 90-100
0.44 e "
0.50 Sensitive Fine Grained "
0.56 " "
0.47 t "
0.46 Silty CLAY to CLAY '
0.82 CLAY 110-120
0.93 " "
1.00 " [}
4.70 Silty CLAY to CLAY 130-140
15.80  Sandy SILT to Clayey SILT !
7.63 1t t
12.30 " "
9.69 it [
---- Silty SAND to Sandy SILT "
---- SAND to Silty SAND v
.- SAND !
.- te 120-130
.- t 130-140
- v 120-130
---- v 130-140

c--- SAND to Clayey SAND * v
.- Silty SAND to Sandy SILT 120-130

4.87 Silty CLAY to CLAY 130-140
4.75 CLAY "
3.01 Clayey SILT to Silty CLAY t
2.96 CLAY '

---- Silty SAND to Sandy SILT '

5.30 sandy SILT to Clayey SILT v
1.35 " 120-130
11.32  Clayey SILT to Silty CLAY 130-140

John Sarmiento & Associates
Cone Penetration Testing Service




PROJECT: Napa River Flood Control Project

LOCATION: Napa CA
PROJ. NO.: COE-01

DEPTH Qc Fs

(feet) (tsf) (tsf)

32.50 44.90 1.74
33.00 515.48 7.04
33.50 255.25 7.89
34.00 242.15 7.82
34.50 433,40 6.00
35.00 556.53 6.19
35.50 259.03 7.50
36.00 195.76 4.14
36.50 345.68 7.64
37.00 329.81 4.75
37.50 159.87 6.90
38.00 189.26 5.06
38.50 169.76 4.17
39.00 278.63 1.96
39.50 348.58 3.99
40.00 193.16 3.02
40.50 138.47 3.65
41.00 223.45 2.47
41.50 218.65 5.95
42.00 219.05 6,79
42.50 210.75 6.52
43.00 234.44 7.93
43.50 296.82 9.15
44.00 356.68 7.63
44.50 211.65 7.79
45.00 161.97 6.55
45.50 126.58 3.81
46.00 118.68 3.23
46.50 139.17 1.85
47.00 137.97 5.92
47.50 125.98 5.17
48.00 164.86 5.00
48.50 179.55 5.31
49.00 211.84 3.29
49.50 266.90 5.07
50.00 243.53 3.92
50.50 334.59 1.64
51.00 267.32 4.45
51.50 31.21 0.47
52.00 31.82 0.45
52.50 27.92 0.39
53.00 27.72 0.32
53.50 29.12 0.40
54.00 26.92 0.39
54.50 26.02 0.43
55.00 36.72 0.65
55.50 57.31 1.48
56.00 67.20 1.462
56.50 61.50 1.17
57.00 59.41 1.1
57.50 58.31 1.93
58.00 72.60 2.13
58.50 45,51 1.61
59.00 39.82 1.20
59.50 56.81 2.03
60.00 64.00 2.48
60.50 134.77 1.65
61.00 181.84 1.13
61.50 154.66 1.80
62.00 86.89 2.70
62.50 123.77 3.49
63.00 363.25 2.14
63.50 331.37 2.1
64.00 398.04 2.56

CPT NO.: CPT-94-2

Page

DATE : 10-14-1994

ESTIMATED WT DEPTH: 20.17 feet
SPT TotHzStr PHI su SCIL BEHAVIOR
(N)  (ksf) (deg.) (ksf) TYPE

22 4.03 ---- 5.05 "

172 4.10 46 -.-- Silty SAND to Sandy SILT
128 4.17 42 ---- SAND to Clayey SAND *
121 4.24 42 ---- "

87 4,30 45 ---- SAND
m 4.37 46 ---- "

130 4.44 42 -e-- SAND to Clayey SAND *

49 4,51 41 --.- SAND to Silty SAND
115 4.57 43 .--- Silty SAND to Sandy SILT

66 4.64 43 m--- SAND
80 4.7 39 ---- SAND to Clayey SAND *

63 4.78 40 ---- Silty SAND to Sandy SILT

57 4.85 39 ---- e

56 4.91 42 .--- SAND

70 4.98 43 ---- "

39 5.04 40 ---- "

46 5.1 38 ---- Silty SAND to Sandy SILT

45 5.17 41 ---- SAND

3 5.24 40 ---- Silty SAND to Sandy SILT
110 5.31 40 s--- SAND to Clayey SAND *
105 5.38 40 ---- '

147 5.45 41 ---- "
148 5.52 42 .--- "

4] 5.59 43 ---- SAND
106 5.66 40 ---- SAND to Clayey SAND *

a 5.73 38 c--- '

42 5.79 37 ---- Silty SAND to Sandy SILT
40 5.86 36 .--- '

35 5.93 37 -.-- SAND to Silty SAND
138 6.00 ---- 15.88 Very Stiff Fine Grained *
126 6.07 ---- 14.46 e

66 6.14 ---- 19.03  Sandy SILT to Clayey SILT

60 6.20 38 m.-- Silty SAND to Sandy SILT

53 6.27 39 ---- SAND to Silty SAND
67 6.34 40 ---- !

49 6.41 40 ---- SAND

67 6.47 41 ---- "

53 6.54 40 - L
5 6.60 30 ---- "

13 6.66  ---- 3.35  Sandy SILT to Clayey SILT
9 6.72 30 ---- Silty SAND to Sandy SILT
9 5.78 30 me-- re

12 5.84 ---- 3.02 sandy SILT to Clayey SILT
1 5.91 .- 2.76 '

10 6.97 ---- 2.65 "

15 7.03 —--- 3.91 "

23 7.10 .--- 6.32 '

22 7.17 31 m--- Silty SAND to Sandy SILT

21 7.23 31 ---- '

20 7.30 30 ---- "

23 7.37 ---- 6.43  sandy SILT to Clayey SILT

29 7.44 .- 8.10 "

18 7.50 ---- 4.91 "

16 7.57 ---- 4.26 v

28 7.64 -.-- 6.23  Clayey SILT to Silty CLAY

32 7.7 ---- 7.08 "

45 7.77 35 == Silty SAND to Sandy SILT

36 7.83 37 ---- SAND

3 7.89 36 ---- v

35 7.96 ---- 9.75  Sandy SILT to Clayey SILT

50 8.03 .- 14.09 '

91 8.09 41 ---- SAND to Silty SAND
66 8.15 40 -.-- SAND

80 8.22 41 ---- "

John Sarmiento & Associates
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DENSITY RANGE
(pef)

>140

e
130-140
[N}
i
[N}
"
"

>140
130-140

[N}
120-130
130-140

120-130

130-140
>140

130-140
>140
"

130-140
>140
"

130-140
1
1

>140

"l
130-140

[N}

"

120-130
130-140
120-130

110-120
120-130

(]
(]
[}
130-140
[N}
1
[}
e
"
"
"
()
[ ]
120-130
"
n

130-140

"
120-130

"

1

Cone Penetration Testing Service




LOCATION: Napa CA
PROJ. NO.: COE-01

DEPTH Qc Fs Rf
(feet) (tsfy (tsf) (%) (
64.50 258.11 1.14 0.4
65.00 248.21 0.71 0.3
65.50 301.29 1.21 0.4
66.00 460.01 3.73 0.8
66.50 217.53 1.31 0.6
67.00 219.52 0.78 0.4
67.50 200.94 0.62 0.3
68.00 194.34 2.07 1.1
68.50 379.35 4.12 1.1
69.00 335.37 2.41 0.7
69.50 367.35 2.35 0.6
70.00 314.88 0.98 0.3
70.50  256.41 2.42 0.9
71.00 388.34 3.79 1.0
71.50 S514.44 6.8 1.3 1

DEPTH = Sampling interval (2 inche

Qc = Tip bearing resistance

Fs = Sleeve friction resistance

Rf = Tip/Sleeve ratio

** olsen, 1989

ESTIMATED WT DEPTH:

N)

52
50
60
92
44
44
40
39
76
67
73
53
51
78
03

5)

PROJECT: Napa River Flood Control Project

SPT TotHzStr

(ksf)

8.28
8.34
8.40
8.47
8.53
8.59

S ERFL R

.
O W~NO

VOOV OO RO®

SPT
TotStr
Phi
Su

References: * Robertson and Campanella, 1988

W u uu

CPT NO.: CPT-94-2
DATE : 10-14-1994

PHI su
(deg.)  (ksf)

39
38
39
42
38
38
37
37
41
40
40
39
38
41
42

Page 3 of 3

20.17 feet

SOIL BEHAVIOR DENSITY RANGE
TYPE (pcf)

[N} 11
(] [}
[N} 1
1 [ )
f "
[} L}
" T
" t
[N} [N}
" it
" "
tr 1t
[N} LI ]
" ’ "

" 130-140

Equivalent Standard Penetration Test*

Total Stress using

est. density**

Soil friction angle*
Undrained Soil Strength*

John Sarmiento & Associates
Cone Penetration Testing Service
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SOUNDING DATA IN FILE @b4wzlc -3 -@a 1@:56

4 -
cET-1 A 387 /2 &7

T

OFERATOR

Albherto e teon LLOCRARTION

. bt 122° /6. 554
CONE ID : HOBZE&TC JOB No. : CRT-@4-@a1
U IIKQO/ O 3 G’
, Wesacvament o, LR HLeHl
£ (450,560
GEFTH DEFTH TIF CORR TIF FRICTION VORE BR DIFF P or RWTID N INTERFRETED N
seters Teet Gr tst Gt tef  Fe isf Fi pEl Pw-Fn) s = 1 neg SGIL YYRE 581
gaseline -i.e @, 32 -Ch, 3 -8

e &z 8. -, 82 ~& € 2.1 g -nd
.18 a3 i 1@ & .7 -3 -1,8 -3 sangy :ilt to clayey siit 4
a.i5 &5 8 8.1 . v4 ol .2 &1 1.3 siity cang to cangy st 3
d.zé w7 3.8 .0 & i e -8.2 -8 -l3 sand to =1lty sand 11
825 08 5, & hd a1 e -4 4.8 -L3 sand to silty sand 14
¢, 3 i ol.@ £l @ @ e &z -t 2 sang to siity cand iz
8,35 .1 3.3 3.3 a8 & 4 S S sang 1o siity sanc il
@, 42 ) PRCTRCY 3.6 2.7 & -€. 1 -8.0  -1.3 siity sand to samdy silt 11
0. 45 1.5 .0 33,8 0,43 &3 - -89  -1,3 silty sang to sandy siit 11
2.5 .o 236 3.6 a.11 0.4 -} -8.¢  -1,3 s1lty zand o candy siit B
8.55 1.8 .8 318 8,04 &3 -0, @ -8,8 -1 siity cand to zandy silt ¥
.68 2@  Gl.4 5.4 2,42 2.8 @@ e -l sang to silty sand 16
& 65 21 lilg li.e a6l 6o Wl e -Ld sand to c1lty cand 21
37 O 0 J6. 8 @ 40 '] i, & -a.8 -3 cand to silty cang Zz
0. 73 &3 B85 £6.5 @, 42 ac i e - cand to siity sand 18
a8 2.5 S3.e 53,8 oot .5 o8 8 -LE cand to s1ity =and 14
2,85 2.8 &2 W3 R, & 2.8 b2 8.0 -1,5 s1ity sand to sandy silt 17
a5 e ST o7 L83 &9 @1 @t -1,3 silty sand to sandy cilt 14
@,95 3.1 ¢ 3.2 ¢.43 Lg -2, 4 2.1 -1, 3 c1lty sand to sandy siit 12
8@ 3.3 a3 i3 0. 43 1.4 -3 -8.1  -1.3 sandy silt to clayey silt id
1,89 3.4 i e 0,43 g &3 -8 -1,% candy ziit to clayey siit 1
1. i@ KR ) M3 & 43 o4 -id. 4 -8 i -1.3 candy s:it to clayey silt 12
L.1a 3.8 s 31 8. 44 L4 -3, 4 -2.1  -1.3 candy siit to clayey siit ie
1.c@ 33 8.5 585 &, 44 1.5 -4 A -1.3& =zandy =1t to clavey sili 12
.25 41 3.3 .3 2,55 L8 A5 -8t ~-1.3 sandy ciit to clayey siit 12
158 4.3 3.1 .74 2.5 -3,5 &1 -1.3 candy silt to clayey ciit id
L35 44 405 40.5 2.23 &7 -2.5 2.1 -1.3 siity sand fo sandy s1it i1
1.4 4,6 3b.4 6.4 @, 6 @7 -6 8.1 -1,3 siity sand to sangy silt iZ
1,43 4,8 37.8 31,6 8,17 @, 4 -0, 8 -1 -i,& silty cang to sandy suit 12
.98 43 347 36,6 ¢, 4@ I.c -0 2.1 -1.3 silty sand to sandy silt 11
1,55 %l :1.8 3.8 .49 1.6 -8.3 -1 -1.3 sandy silt to clayey siit 12
.68 52 3deb 6 (% 3.8 -2, 4 -2.1  -1.3 sandy silt to clayey siit 13
.65 3.4 3l6 KT 8,73 1.9 -9.3 -6.1  -1.3 sandy silt to clayey silt 12
.7&¢ 5.6 Zl.@ 27 @, ae 53 -2 4 -8, 1 -1.3 candy silt to clayey silt 12
.75 %7 2.3 cl.B &.92 3.3 -2 8.6 -1.3 clayey siit to silty clay 2
¢ 5.3 L% 1.5 &% 4,5 -2.5 -0.8  -L3 silty clay to clay 14
.83 6.1 4.7 14,6 8,83 37 -2.8 o P S e clay 13
l.5e t£.2 113 11,8 2,68 a1 -1.8 -1 -L3 clay iz
1.5 6.4 1.5 12.5 857 4.6 -0.2 8.1 -L3 ciay 12
2. 66 2.4 1.4 255 4.4 a7 a4 -L3 clay 11

Soil interpretation reference: Hubertson & Campanelia-1383; based on &% hameer efficiency and .15 & sliding data average



Wapsrl e ¢ CRT -1 N W= v e RV P B g S 1) SR
DEFTH DEPTH TiP COSR TIF FRICTION PR RATIO PORE PRODiFr # P RRTL2 e INTERFFETED !
meters feet fc tsf Qi vsf  Fs tsf Fs/lic % Pw psi «Fw-fniilic » 1 oep SOIL TvRe 5HY

oL 6.7 5.9 3.3 Q.47 4,8 7 8.5 -L3 ciay 1@
218 &9 3.9 4.9 0. &7 4,7 &b e L3 clay 12
R S 121 13,1 &.62 5L ~8.d -1 -3 clay 13
Lz L2 17.% 17.8 &30 1 1.7 -7 LG ciay i7
.25 e 232 23.2 1,11 4, 8 -4,2 1,3 -La3 clay 21
2,38 1.5 242 Zé, e 1.8 4,4 -2. 8 -85 -l clay 24
235 LT a3 I3 Z 1,87 4.6 -8 -6 -L3 clay g2
S48 7,5 Ik ze. 8 1,64 S, -3.@ -Le L clay z

.45 68 19,8 13.8 @, 98 5. @ -4, 4 ~te -L.3 clay i3
e 8.z 19.35 13,3 8,83 4,3 -4, 3 L& -3 clay 18
.55 B4 17.5 17,04 &.75 4,3 ~5,3 -9 -La clay 17
268 B3 17,2 17,1 2,73 4,3 ~-1.6 -8.7  -L3 clay 16
2,83 8.7 1.3 18,5 0,74 4.8 ~0. 4 -2 -L3 clay 15
278 g9 14,8 14,8 0. 4,3 ~Z.4 -z L clay 13
273 5.0 1.8 il.8 0. 69 Sl -8.7 0.4 -3 ciay iZ
Z.8¢ A a4 1.4 245 4.6 -3.2 ¢ L3 clay it
285 9.4 3,3 3.3 8,38 %, 1 -2, -L9 0 - ciay e
&9 4.5 11,8 1.9 €59 K -1.3 -8.8 -1.3 silty clay to clay 8
2,95 3.7 15.5 155 0. 45 3l ~&.Z A1 -1.3 clayey s1it to calty clay 7
5L 5.8 13,2 13,2 e 54 2.8 -4 -2.1 -1,3 clayey silt to silty clay 9
385 10.@ 145 13,6 8.45 3 -4 -0.1 -1.3 clayey silt to silty clay 3
L 1.7 23,7 058 L7 ~d.1 -3¢ -1.3 sandy =1it to ciayey siit 7
13 10a 18.7 18.7 ¢, 58 17 ~t.2 -84 -1.3 sandy =iif to ciayey siit i
J.28 1D il.@ 17.@ @ 2 1.8 ~g.3 -e. 1 -1.3 clayey siit te silty clay 8
303 1T 14,2 14,2 2.23 2.0 -8 3 -8,2  -1.3 clayey silt to silty clay 7
K T i, 12.2 8,275 2.4 -3 -8.2  -i.3 clayey siit to si1ity clay 7
3.35  1l.¢ 14,3 i% 9 ¢, 35 2.4 -0, -2, 1 -1,3 clayey 11t to s1ity clay 7
3.48 1.2 13,9 13,9 Q.43 3.1 -2 6.1 -L3 silty clay to clay 3
243 1103 1.4 iL4 €.43 39 -4 -2, -1.3 silty clay to clay i
.00 11.3 3.1 3.1 2,33 .9 -@. 4 8.2 -La clay 3
335 1.6 7.2 7.2 @, 20 2.7 -U. 4 ~e.4 -i.d ciey ¥
.60 11,8 4.5 e 21z 2.3 &8 e -L3 silty clay to clay 4
63 12.9 5.7 4.7 @ 1@ 2.2 Le e tilty clay to clay K
KA 4,6 4,7 2,08 1.8 3.3 5.2 -l.2 sersitive fine graineg 2
575 123 4,8 40 0.6 1.6 &5 4,5 -1.¢ sensitive fine grzined 2
3.60  12.% 4, 4, | 2.8 1.3 3.Q 3.4  -l.¢ censitive fine grained Z
365 ic.e 4,4 4,5 .65 Ll K a1 -1.2 cencitive fine grained 2
53 2.8 4.3 4,8 2. 85 1. Lg 3.5  -i.e sensitive fine grained 2
295 148 3.9 4,9 0. 04 &3 3.3 7.1 -{,2 sensitive fine grained g
4,08 13,1 3.3 504 e, a3 ¢.B 4,2 5.¢ -1.2 censitive fine grained ¢
5,05 133 3.1 3.2 €23 1.¢ 4. 4 .2 -1.2 sensitive fine grained ra
4,1 13,2 4,2 4,3 @, @z @.o 4.5 7.8 -1.2 censitive fine grained P
4,15 136 3.8 3.8 2.0z 8.6 4.7 3.0 -1.2 sensitive fine grained 2
4,28 13,8 .8 39 (N &5 S8 9,4  -1.2 sensitive fine graineo 2
4,23 13.3 39 3.3 3. 86 L& 3.3 1.1 -1,& censitive fine grained Z
4,38 14,1 &7 38 ¢. 05 1.3 ] 8.8 -1.2  censitive fine grained 2
4,35 14,3 4,1 4,2 g3 It i.3 16,2 -1.2 sensitive fine grained 2
5,49 14,4 3.5 35 0. 83 1.8 3.3 19,8 -1.1  sensitive fine graired Z
4,43 146 23 4,1 Q.83 &7 2.8 8.1 -1.1  sensitive fine grained e
458 14,8 b, @ 4,2 2,03 a8 187 19,2 -1.1 censitive fine grained 2

Seil interpretation reference: Robertson & Campanella-1983, bazed on 63% hamser efficiency and .15 & sliding data average



BawE L6 1 LT soid CONISE
DEFTH DEFTW  TiF CGRR TIF FRICTION FR RATID FURE PR DIFF P P RATIO il IKTERPRETED B
meters feet @c tsf Gt tsf Fs tsf Fs/lc % P opsi WPe-phtiGe » 1 deg SUIL TYRE SFT
4,35 14,5 4,8 4, & 0,83 w8 11,8 18,7 -1.1 censitive fire grained c
3.6% 15,1 4,8 4,1 2.3 a8 ine 2.4 -1.1 sensitive fine grained I
4,55 13,3 4,3 4.3 '] g il.e 192 -1.1  censitive fipe grained g
4,70 15,4 4,6 4.8 €. 05 1.@ 1.8 8.6 -l.1  censitive fine grained c
4,73 130 3,3 a5 @, 84 1.2 .2 .4 -1.1 sensitive Tine grained 2
4, B0 157 5,5 4,7 a8 ) 12,4 28,8 -l.1 sensitive fine grained c
4,85 15,9 4,9 21 3, @4 a8 12.8 16,3 -1t sensitive fine grained g
4.9 6.1 33 R 8.5 @.9 15,3 16,1 -1, semsitive fine grained 2
4,9 lhd 31 38 ¢, ¥6 L1 tie 13,8 -1.1 sensitive fine grained 3
S0 ib.d £. @ s o a7 1.1 14,8 6.7 -L.1 zensative fine grained 3
585 16,6 1.3 7.5 0. 06 i1 14, 4 14,8  -1.&  zensative fine grained 3
3.0 167 8.1 8.3 ¢ 12 1.c iho 158 -1 clayey s:1t tu s1ity ciay 4
13 1805 8.t 8.8 a1l i3 1,3 le.2  -1.@ ciayey ¢iit to slity ciay )
o8 171 8.¢ Bué &.87 (] 6.3 fz2.6  -1.@ ciayey siit to siity ciay ]
oo i £.¢ 8,2 & 14 17 14,7 14,3 -1.& ciayey <1it to s1lty clay 4
5.3 17.4 7.5 7.8 a.18 2.3 15,1 i4.4  -l.2 siity clay to clay 5
9.35 178 8.7 3.8 & id 21 213 17,6 -3 siity clay to clay 3
3,60 177 £, 5 .8 0. 14 Z.2 cll3 24,3 -@93 clayey siit to silty clay 4
945 17,3 8.5 3.9 2,13 1.5 22.5 18,7 -&3 clayey =11t to cilty clay &
5.90 18,0 8.9 3.2 a, 14 L& cd 3 18,2 -8,5 clayey silt to cilty clay 4
5,28 1ac 8.5 3.2 d.13 14 i b 19.1 -¢.3 clayey =1it to s1iiy ciay 4
5,60 18,9 9,8 3.2 211 1.2 c4 b 13,8 -3 clayey siit te siity ciay 4
9.62  18.§ 3.4 3.8 4,12 J 254 19,4 -3,5 clayey siit te s1lty ciay 3
578 18,7 et [@.5 @il {1 Zt. 2 18,7 -89 clayey silt to siity clay 5
2,79 183 L7 12,1 G.il e &l 18,7 -& 8 sandy silt to clayey s1if 4
n.oe 3@ .z 12,0 2,14 .2 26, 4 16,8  -& 8§ clayey silt to silty clay &
R RS 2.1 185 .29 Z 8 £.b 6.3 -8 8 clayey silt &0 silty clay 7
3.9 13,4 de.t . (X 1.3 2é.B T4 -0,9 sandy silt vo ciayey cili g
595 13,5 25.¢d Zb.c 8. 48 i &8 ¢, 8  ~i.2 sanoy s1it to clayey siit 3
b.ed 13,7 ee, 7 cEd @27 l.¢ -4, 7 1.5 -1.3 sandy siit to clavey siit 8
.02 19,8 14,2 14,1 &, 1.6 -39 -3.8  -i.4 sandy silt to clayey siit b
6.1d 2.¢ 129 12,8 @13 1.2 -33 -1,8 -3 capdy silt to clayey silt 5
6,15 o2 1.3 118 0.1 il -4 -2 -1,3 clayey <iit to eilty clay B
b.28 283 17 16 .36 33 -5z -1 -L3 silty clay o clay 7
.00 zdZ 1d. 4 iR g, 3k K] -Z.3 -8 -L3 slity clay to clay &
B 207 16,2 16, & €62 3.8 6.5 @3  -1.3 clayey silt zo silty clay 3
s .8 317 3.7 ¢.c4 e -i.g &3 -3 clayey =iit to siliy cliay i2
b.48 i@ gi.e 26,3 074 2.3 -5.3 -1.8  -l.4 sandy siit to clayey silt 11
6,45 Zl.g  oh.@ 253 2,53 e -7.5 -2.2  -i.4 clayey silt fo siity clay 1@
b.2@ 21,2 14,3 14,2 2, 36 2.9 -7.6 -58 -4 clayey s1lt to silty clay 8
£.55 <cLG 1i.2 1.1 a.22 Z.@ -Tg -4,8  -1l.4 clayey <ilf o siity clay i~
6.6& 1.7 9.3 3.8 8,13 1.2 -1.4 ~5.4 -4 clayey s:it te silty clay g
.60 cl.8 8.6 8.5 ¢, 08 1.@ - -5,3  -1.4 clayey <1it to silty clay i
b7 ZE.@ 7.4 7.3 ¢, 85 Q.7 -7 7.6 -L.4 censitive fime graineg 4
6. 79 221 7.4 7.3 @, @4 @5 6.9 -t.7  -i.4 sensitive fine grained 4
b.E8 22,3 1.3 7.8 61z L5 -6.8 -6.2  -l.4 clayey silt to silty clay 4
6,85 225 1.9 18,8 w27 ] ~B. 7 -4.4  ~L1.4 clayey silt to siity clay 6
b9 22,6 iB.D 16, § 213 1.t “B. B -2, -lL.4 clayey 511l to =ilfy clay 7
6.95 2.8 le.1 16.9 0, 42 ) 0.7 -3,&  -i.4 clayey z1lt to silty clay B
T.08¢  Z23.@ 18,5 13, 4 @, 45 ) ~B. 2 2.3 -l.4 clayey silt to siity clay 18

Soil interpretation reference: Robertson & Campanelia-1383, bated on G@% hasser efficiency and .13 @ siiding cata average



szl 3 LT -1

[

Pomi e LB e EE Pt i

8.5
8.33
3.62
3.5

9,18

[ I ) B N ¥
[n =l
f =

DECTH DERTR  TI®  CCRR TIF FRICTION FR RAVID FOFE PR ODIFF £ 5 BATIO IRC j n
peters feet o t=f  Gf tef  Fetef  Fosdc x ewopsa {Fw-bnijdc % 1 ceg SOIL TYRE 3P1
7,85 £a.l 234 5.3 2,49 L3 -6. & -1.3 -ih o sandy =ilt to clavey siit 3
718 233 2h.4 oo 3 0. 32 1.3 -1.3 -t 1 -1.4 sandy silt to clayey ciit 3
Uil Tor Inc
7.25 18, ¢ -0, &4 =71 -1.5
7,15 245 185 iod 6,23 Ivd -1.8 -3¢ -l clavey ciit to siity clay 8
it for Inc

7,38 A2 (R -1.3 -LE

.ol 2L b 7 R -7.3 -3.4 -1.4 clavey =ilt to siity clay &
25 2380 29 & B8 LE -T.6 -¢.&  -L4 clayey silt to siity clay 11
730 23.3 34,8 @&.57 L ~£.2 -1 4 -1o4 candy silt to clayey =il 14
7.35 4.1 5.6 oo 1.¢ -8, 4 -Ld -L4 silty cant to candy :iit i
7.98 245 Ta.3 ¢ 42 &b -8 -4 -la £and te gilty zang ié
143 ch4 95,3 ) Gt =N 8.7 L& tand to silty sand 24
LE g4 1355 ¢.63 &5 -4 6.3 -L4 sand 24
.53 248 1385 & 46 03 -9.4 &3 -Lg sand 28
7,88 243 138, & 45 &2 - -3 -l cand 24
.63 51 1iie ¢ 42 &b -33 -6 -l sand 3
R 25 E 114 8,36 &5 -9.3 -6 -l sand 24
7075 2504 14,3 42,2 ae2 2.4 -3.4 6.3 -l £and b
LB ZEe 103 154, 3 1,13 &7 -3.7 A sand S
7.83 5.8 lthoa 167.9 @53 8.6 -3 -84 -l.4 sang a2
7500 253 1862 186, 2 1,34 o X =& -i.d gand 33
793 f6.1 18%.4 183, 4 223 1.2 -i.8 -61 -L3 sand 36
8.0¢ c&.Z  166.@ 1&c. @ 1.ta a5 4 a1 L.z tand Kie
8.83 6.4 1796 1757 136 8.8 L7 &1 -L2 cand 3
8,1 2Gkb 15333 1838 1,38 &7 53 &z -2 sand b
&1 6.7 135 135.3 i &0 a4 ez -LE zand 37
B.2® 6.3 196.% 196.6 t. 1o &5 57 &z -L&Z sand 38
8,25 7.1 ee.7 Zib. 7 1,81 @5 -2.5 -22  -L3 sand Ky
.3¢ 278 1827 18z.7 1,54 i1 -3.3 -2 -3 sangd 37
8.35 27.4 1BL.4 186.3 1.43 &8 -a.6 &2 -L4 sand 35
8,40 27.6 178.1 178.& @ 68 0. & 2.8 &1 -L3 £angd 33
B.43 27,7 1B4. @ 184, 8 a.92 .5 -4, 8.z -L3 sand 35
B.oe 275 185 1824 1,26 &7 =7 51 -L3 cand 33
8.35 @&B.1 1857 185,86 i.ei a.7 ~2.¥ -8.1 -1.3 sand 34
8.0 b2 1616 167.3 f.c@ 8.7 Z.@ d1 -l sand 23
8,65 2B.4 iB3.B 165, 8 1,04 a6 a3 al -L3 sand 31
B.7& 28,3 145.3 1452 @50 @4 -4, 7 -4, -1 sand 23
8.75 8.7 4L 41,8 8. 43 .3 -1.8 -8 -1.3 sand &7
8,88 28.9 13z 132.4 2. 30 a2 -0.7 -0, -1.3 sant 25
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*Soi | behavior type and SPT based on data from UBC- 1983
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APPENDIX 2: LIQUEFACTION EVALUATION



Napa Contract 2 West Vertical Wall

Liquefaction Potential - Napa Mill Magnitude 6.5 Earthquake

Location Depth Depth Ngo C'vo 'y Cy Cs Cr Cs (N1)so % Fines
(feet) (meters) (psf) (kPa)

2F-90-29 24 7.32 28 1996 95.57 1.02 1.05 0.95 1.2 34

2F-90-29 29 8.84 30 2364 113.19 0.94 1.05 1 1.2 36 12
2F-90-29 39 11.89 66 3100 148.43 0.82 1.05 1 1.2 68

2F-94-14 19 5.79 61 1922.4 92.04 1.04 1.05 0.95 1.2 76

2F-94-14 21 6.40 17 2069.6 99.09 1.00 1.05 0.95 1.2 20 7
2F-94-14 24 7.32 7 2290.4 109.66 0.95 1.05 0.95 1.2 8

2F-94-14 31 9.45 35 2805.6 134.33 0.86 1.05 1 1.2 38 21
2F-94-14 36 10.97 53 3173.6 151.95 0.81 1.05 1 1.2 54

2F-94-14 38 11.58 55 3320.8 159.00 0.79 1.05 1 1.2 55

2F-94-14 40 12.19 48 3468 166.05 0.78 1.05 1 1.2 47 7

1 psf = 0.04788 kPa
Cy maximum = 1.7
Cg = 1.0 for borehole diameter less than 6"; 1.05 for 6"; 1.15 for 8"

Cr=0.75for rod length < 10’; 0.8 for 10-13’; 0.85 for 13-19.7"; 0.95 for 19.7-32.8'; 1.0 for 32.8-98.4’

Cs = 1.1-1.3 for samplers without liners



Boring Depth Depth @max 0.65(amay/9) o Oy Oy fy MSF CSR
(feet) (meters) (9) (kPa) (psf) (kPa)

2F-90-29 24 7.32 0.42 0.2730 95.57 2819 134.97 0.944039 1.44 0.253
2F-90-29 29 8.84 0.42 0.2730 113.19 3499 167.53 0.93238 1.44 0.262
2F-90-29 39 11.89 0.42 0.2730 148.43 4859 232.65 0.856612 1.44 0.255
2F-94-14 19 5.79 0.42 0.2730 92.04 2266 108.50 0.955697 1.44 0.214
2F-94-14 21 6.40 0.42 0.2730 99.09 2538 121.52 0.951034 1.44 0.221
2F-94-14 24 7.32 0.42 0.2730 109.66 2946 141.05 0.944039 1.44 0.230
2F-94-14 31 9.45 0.42 0.2730 134.33 3898 186.64 0.921717 1.44 0.243
2F-94-14 36 10.97 0.42 0.2730 151.95 4578 219.19 0.881026 1.44 0.241
2F-94-14 38 11.58 0.42 0.2730 159.00 4850 23222 0.86475 1.44 0.239
2F-94-14 40 12.19 0.42 0.2730 166.05 5122 24524 0.848474 1.44 0.238

rq=1.0 - 0.00765z for z <=9.15m

rq=1.174 - 0.0267z for 9.15m >z <=23 m



Napa Contract 2 West Vertical Wall

Liquefaction Potential - Boring 2F-03-05 Magnitude 6.5 Earthquake

Boring Depth Depth Ngo C'vo C'vo Cn Cs Cq Cs (N)so % Fines
(feet) (meters) (psf) (kPa)
2F-03-05 17 5.18 11 2009.6 96.22 1.02 1 0.95 1.2 13
2F-03-05 19 5.79 16 2156.8 103.27 0.98 1 0.95 1.2 18
2F-03-05 21 6.40 25 2304 110.32 0.95 1 0.95 1.2 27
2F-03-05 23 7.01 20 2451.2 117.36 0.92 1 0.95 1.2 21
2F-03-05 25 7.62 23 2598.4 124.41 0.90 1 0.95 1.2 24 4
2F-03-05 27 8.23 29 2745.6 131.46 0.87 1 0.95 1.2 29
2F-03-05 31 9.45 23 3040 145.56 0.83 1 1 1.2 23 9
2F-03-05 33 10.06 29 3187.2 152.60 0.81 1 1 1.2 28
2F-03-05 35 10.67 39 3334.4 159.65 0.79 1 1 1.2 37
2F-03-05 37 11.28 45 3481.6 166.70 0.77 1 1 1.2 42 8
2F-03-05 39 11.89 45 3628.8 173.75 0.76 1 1 1.2 41
2F-03-05 43 13.11 71 3923.2 187.84 0.73 1 1 1.2 62
2F-03-05 45 13.72 65 4070.4 194.89 0.72 1 1 1.2 56 9
2F-03-05 47 14.33 61 4217.6 201.94 0.70 1 1 1.2 52
2F-03-05 49 14.94 72 4364.8 208.99 0.69 1 1 1.2 60

1 psf =0.04788 kPa
Cn maximum = 1.7

C; = 1.0 for borehole diameter less than 6"; 1.05 for 6"; 1.15 for 8"
Cgr =0.75 for rod length < 10’; 0.8 for 10-13; 0.85 for 13-19.7’; 0.95 for 19.7-32.8’; 1.0 for 32.8-98.4'

Cs = 1.1-1.3 for samplers without liners



Boring Depth Depth Amax 0.65(anmax/q) O’y Oyo Gy ry MSF CSR

(feet) (meters) (9) (kPa) (psf) (kPa)
2F-03-05 17 5.18 0.42 0.2730 96.22 2072 99.21  0.960361 1.44 0.188
2F-03-05 19 5.79 0.42 0.2730 103.27 2344 112.23 0.955697 1.44 0.197
2F-03-05 21 6.40 0.42 0.2730 110.32 2616 12525 0.951034 1.44 0.205
2F-03-05 23 7.01 0.42 0.2730 117.36 2888 138.28  0.94637 1.44 0.211
2F-03-05 25 7.62 0.42 0.2730 124.41 3160 151.30 0941707 1.44 0.217
2F-03-05 27 8.23 0.42 0.2730 131.46 3432 164.32 0.937044 1.44 0.222
2F-03-05 31 9.45 0.42 0.2730 145.56 3976 190.37 0.921717 1.44 0.229
2F-03-05 33 10.06 0.42 0.2730 152.60 4248 203.39 0.905441 1.44 0.229
2F-03-05 35 10.67 0.42 0.2730 159.65 4520 216.42 0.889164 1.44 0.229
2F-03-05 37 11.28 0.42 0.2730 166.70 4792 229.44 0.872888 1.44 0.228
2F-03-05 39 11.89 0.42 0.2730 173.75 5064 24246 0.856612 1.44 0.227
2F-03-05 43 13.11 0.42 0.2730 187.84 5608 268.51 0.824059 1.44 0.223
2F-03-05 45 13.72 0.42 0.2730 194.89 5880 281.53 0.807783 1.44 0.221
2F-03-05 47 14.33 0.42 0.2730 201.94 6152 29456 0.791506 1.44 0.219
2F-03-05 49 14.94 0.42 0.2730 208.99 6424 307.58 0.77523 1.44 0.216

rq=1.0-0.00765z for z <=9.15m
r«=1.174 - 0.0267z for 9.15m>z<=23m



Napa Contract 2 West Vertical Wall

Liquefaction Potential - Boring 2F-03-06 Magnitude 6.5 Earthquake

Boring Depth Depth Neo Gy Gvo Cn Cs Cr Cs (N))so % Fines
(feet) (meters) (psf) (kPa)

2F-03-06 13 3.96 3 1513.6 72.47 1.17 1 0.85 1.2 4 31
2F-03-06 15 4.57 1 1636.8 78.37 1.13 1 0.85 1.2 1

2F-03-06 25 7.62 21 2264.6 108.43 0.96 1 0.95 1.2 23 11
2F-03-06 27 8.23 36 2411.8 115.48 0.93 1 0.95 1.2 38

2F-03-06 29 8.84 39 2559 122.52 0.90 1 1 1.2 42

2F-03-06 31 9.45 59 2706.2 129.57 0.88 1 1 1.2 62

2F-03-06 33 10.06 27 2853.4 136.62 0.86 1 1 1.2 28

2F-03-06 35 10.67 37 3000.6 143.67 0.83 1 1 1.2 37

2F-03-06 37 11.28 45 3147.8 150.72 0.81 1 1 1.2 44 10
2F-03-06 39 11.89 31 3295 157.76 0.80 1 1 1.2 30

2F-03-06 41 12.50 60 3442.2 164.81 0.78 1 1 1.2 56

2F-03-06 43 13.11 45 3589.4 171.86 0.76 1 1 1.2 41

2F-03-06 45 13.72 51 3736.6 178.91 0.75 1 1 1.2 46 9
2F-03-06 47 14.33 72 3883.8 185.96 0.73 1 1 1.2 63

2F-03-06 49 14.94 48 4031 193.00 0.72 1 1 1.2 41

1 psf=0.04788 kPa
Cyn maximum = 1.7

Cg = 1.0 for borehole diameter less than 6"; 1.05 for 6*; 1.15 for 8"
Cgr = 0.75 for rod length < 10’; 0.8 for 10-13’; 0.85 for 13-19.7"; 0.95 for 19.7-32.8"; 1.0 for 32.8-98.4’
Cs = 1.1-1.3 for samplers without liners



Boring Depth Depth Qmax 0.65(ama,/Q) o'y Oy Oy Iy MSF CSR
(feet) (meters) (9) (kPa) (psf) (kPa)

2F-03-06 13 3.96 0.42 0.2730 72.47 1576 75.46  0.969688 1.44 0.191
2F-03-06 15 4.57 0.42 0.2730 78.37 1824 87.33 0.965024 1.44 0.204
2F-03-06 25 7.62 0.42 0.2730 108.43 3076 147.28 0.941707 1.44 0.242
2F-03-06 27 8.23 0.42 0.2730 115.48 3348 160.30 0.937044 1.44 0.247
2F-03-06 29 8.84 0.42 0.2730 122.52 3620 173.33  0.93238 1.44 0.250
2F-03-06 31 9.45 0.42 0.2730 129.57 3892 186.35 0.921717 1.44 0.251
2F-03-06 33 10.06 0.42 0.2730 136.62 4164 199.37 0.905441 1.44 0.251
2F-03-06 35 10.67 0.42 0.2730 143.67 4436 212.40 0.889164 1.44 0.249
2F-03-06 37 11.28 0.42 0.2730 150.72 4708 22542 0.872888 1.44 0.248
2F-03-06 39 11.89 0.42 0.2730 157.76 4980 238.44 0.856612 1.44 0.245
2F-03-06 41 12.50 0.42 0.2730 164.81 5252 251.47 0.840335 1.44 0.243
2F-03-06 43 13.11 0.42 0.2730 171.86 5524 264.49 0.824059 1.44 0.240
2F-03-06 45 13.72 0.42 0.2730 178.91 5796 277.51 0.807783 1.44 0.238
2F-03-06 47 14.33 0.42 0.2730 185.96 6068 290.54 0.791506 1.44 0.234
2F-03-06 49 14.94 0.42 0.2730 193.00 6340 303.56 0.77523 1.44 0.231

rq=1.0-0.00765z for z <=9.15m

rs=1.174 - 0.0267z for9.15m >z <=23m



Napa Contract 2 West Vertical Wall

Liquefaction Potential - Boring 2F-03-07 Magnitude 6.5 Earthquake

Boring Depth Depth Neo G'vo G Cn Cs Ck Cs (N)so % Fines
(feet) (meters) (psf) (kPa)
2F-03-07 25 7.62 63 2383.6 114.13 0.94 1 0.95 1.2 67
2F-03-07 27 8.23 33 2530.8 121.17 0.91 1 0.95 1.2 34 9
2F-03-07 29 8.84 37 2678 128.22 0.88 1 1 1.2 39
2F-03-07 31 9.45 28 2825.2 135.27 0.86 1 1 1.2 29
2F-03-07 33 10.06 23 2972.4 142.32 0.84 1 1 1.2 23 8
2F-03-07 37 11.28 49 3266.8 156.41 0.80 1 1 1.2 47
2F-03-07 39 11.89 47 3414 163.46 0.78 1 1 1.2 44 10
2F-03-07 41 12.50 24 3561.2 170.51 0.77 1 1 1.2 22
2F-03-07 43 13.11 45 3708.4 177.56 0.75 1 1 1.2 41
2F-03-07 45 138.72 23 3855.6 184.61 0.74 1 1 1.2 20 19
2F-03-07 47 14.33 36 4002.8 191.65 0.72 1 1 1.2 31
2F-03-07 49 14.94 61 4150 198.70 0.71 1 1 1.2 52 10
2F-03-07 51 15.54 55 4297.2 205.75 0.70 1 1 1.2 46

1 psf = 0.04788 kPa
Cy maximum=1.7

Cg = 1.0 for borehole diameter less than 6"; 1.05 for 6"; 1.15 for 8"
Cr = 0.75 for rod length < 10’; 0.8 for 10-13"; 0.85 for 13-19.7’; 0.95 for 19.7-32.8"; 1.0 for 32.8-98.4’

Cs = 1.1-1.3 for samplers without liners



Boring Depth Depth Qmax 0.65(ama/9) G'vo Cyuo Gy Iy MSF CSR

(feet) (meters) ﬁv (kPa) (psf) (kPa)
2F-03-07 25 7.62 0.42 0.2730 114.13 3070 146.99 0.941707 1.44 0.230
2F-03-07 27 8.23 0.42 0.2730 121.17 3342 160.01 0.937044 1.44 0.235
2F-03-07 29 8.84 0.42 0.2730 128.22 3614 173.04 0.93238 1.44 0.239
2F-03-07 31 9.45 0.42 0.2730 135.27 3886 186.06 0.921717 1.44 0.240
2F-03-07 33 10.06 0.42 0.2730 142.32 4158 199.09 0.905441 1.44 0.240
2F-03-07 37 11.28 0.42 0.2730 156.41 4702 22513 0.872888 1.44 0.238
2F-03-07 39 11.89 0.42 0.2730 163.46 4974 238.16 0.856612 1.44 0.237
2F-03-07 41 12.50 0.42 0.2730 170.51 5246 251.18 0.840335 1.44 0.235
2F-03-07 43 13.11 0.42 0.2730 177.56 5518 264.20 0.824059 1.44 0.232
2F-03-07 45 13.72 0.42 0.2730 184.61 5790 27723 0.807783 1.44 0.230
2F-03-07 47 14.33 0.42 0.2730 191.65 6062 290.25 0.791506 1.44 0.227
2F-03-07 49 14.94 0.42 0.2730 198.70 6334 303.27 0.77523 1.44 0.224
2F-03-07 51 15.54 0.42 0.2730 205.75 6606 316.30 0.758954 1.44 0.221

rq=1.0-0.00765z forz <=9.15m
ra=1.174 - 0.0267z for 9.15m>z<=23m



Napa Contract 2 West Vertical Wall

Liquefaction Potential - Third Street to First Street Magnitude 6.5 Earthquake

Location Depth Depth Neo G v Cy Cs Ck Cs (N)so % Fines
(feet) (meters) (psf) (kPa)
2F-94-15 22 6.71 23 2384 114.15 0.94 1.15 0.95 1.2 28 16
2F-94-15 24 7.32 38 2531 121.19 0.91 1.15 0.95 1.2 45 15
2F-94-15 26 7.92 50 2678 128.24 0.88 1.15 0.95 1.2 58 15
0.00 #DIV/0! #DIV/0!
2F-03-08 25 7.62 28 2929.6 140.27 0.84 1 0.95 1.2 27 10to 15
2F-03-08 27 8.23 33 3076.8 147.32 0.82 1 0.95 1.2 31 10
2F-03-08 29 8.84 39 3224 154.37 0.80 1 1 1.2 38 10to 15
2F-03-08 31 9.45 24 3371.2 161.41 0.79 1 1 1.2 23 10to 15
0.00 0.00 #DIV/O! #DIV/0!
0.00 0.00 #DIV/0! #DIV/0!
0.00 0.00 #DIV/0! #DIV/0!
0.00 0.00 #DIV/0! #DIV/0!

1 psf =0.04788 kPa

Cy maximum = 1.7

Cg = 1.0 for borehole diameter less than 6"; 1.05 for 6"; 1.15 for 8"

Cr = 0.75 for rod length < 10’; 0.8 for 10-13’; 0.85 for 13-19.7"; 0.95 for 19.7-32.8'; 1.0 for 32.8-98.4’

Cs = 1.1-1.3 for samplers without liners



Boring Depth Depth Amax 0.65(amax/9) Gy Gy Cyvo Iy MSF CSR
(feet) (meters) @ (kPa) (psf) (kPa)

2F-94-15 22 6.71 0.42 0.2730 114.15 2634 126.12 0.948702 1.44 0.199
2F-94-15 24 7.32 0.42 0.2730 121.19 2906 139.14 0.944039 1.44 0.205
2F-94-15 26 7.92 0.42 0.2730 128.24 3178 152,16 0.939375 1.44 0.211

0 0 0.00 0.42 0.2730 0.00 0.00 #DIV/0!  #DIv/O!
2F-03-08 25 7.62 0.42 0.2730 140.27 2992 143.26 0.941707 1.44 0.182
2F-03-08 27 8.23 0.42 0.2730 147.32 3264 156.28 0.937044 1.44 0.188
2F-03-08 29 8.84 0.42 0.2730 154.37 3536 169.30 0.93238 1.44 0.194
2F-03-08 31 9.45 0.42 0.2730 161.41 3808 182.33 0.921717 1.44 0.197

0 0 0.00 0.42 0.2730 0.00 0.00 #DIV/O!  #DIV/O!

0 0 0.00 0.42 0.2730 0.00 0.00 #DIV/O!  #DIV/0!

0 0 0.00 0.42 0.2730 0.00 0.00 #DIV/0!  #DIv/0!

0 0 0.00 0.42 0.2730 0.00 0.00 #DIV/0!  #DIV/0!

0 0 0.00 0.42 0.2730 0.00 0.00 #DIV/0!  #DIV/O!

rq=1.0-0.00765z for z <=9.15m

rq=1.174 -0.0267z for9.15m >z <=23m



APPENDIX 3: SOIL AND MATERIAL PROPERTY PROFILES












APPENDIX 4: UNCONFINED COMPRESSION, TRIAXIAL,
AND CONSOLIDATION TEST RESULTS



UNCONFINED COMPRESSION TEST
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SAMPLE NO. : 1
Unconfined strength, psf 675
Undrained shear strength, psf 337
Failure strain, % 4.3
Strain rate, %/min 0.30
Water content, % 26.2
Wet density, pcf 124 %
Dry density, pcf 98.5
Saturation, % T9v.4
Void ratio 0.7111
Specimen diameter, in 2.83
Specimen height, in 6.00
Height/diameter ratia 2.12
Description: silty SAND — _:
LL = 22 PL = 19 PI 3 (GS: 2.7 Type: Undisturbed
Project No.: 03-153 Client: USACE

Date: 3-19-03

Remarks:

Fig. No.: _

Project: Napa River Flaod Protection

Location: 2F-03-05 Tube 1
@ 13.0'-15.5"

UNCONFINED COMPRESSION TEST
SIERRA TESTING LABORATORIES, INC.




CONSOLIDATION TEST REPORT
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MATERIAL DESCRIPTION

USCS AASHTO

Silty sand

SM A-2-4(0)

Project No. 03-153

Project: Napa River Flood Protection, Contract 2 West

Location: 2F-03-05

Client: U.S., Arny Corps of Engineers, Sacramento District

CONSOLIDATION TEST REPORT

SIERRA TESTING LABS, INC.

Remarks:

Figure




Dial Reading vs. Time

Project No.: 03-153
Project: Napa River Flood Protection, Contract 2 West

Location: 2F-03-05
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Dial Reading vs. Time

Project No.: 03-153
Project: Napa River Flood Protection, Contract 2 West

Location: 2F-03-05
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RESULTS
C, psf 722
¢, deg 1.5
- TAN ¢ 0.03
a 1200
o
4]
Q
0 L _
5 AR : ‘\S\X/:.’f
600
Q : : f .
0
0 600 1200 1800 2400 3000 3600
Normal Stress, psf
1800
\ b ) | isamPLE nO. - 1 2 3
S PR JATER CONTENT, % . * 27.5 27.1  26.5 -,
1500 g; = | |2 ORY DENSITY, pof _ . 95.0_..95.3 97.2
oA H |SATURATION, % 96.0 95.3 9747
S 7 |VOID RATIO 0.773 0.768 0.734
@ 1200 A |DIAMETER, in 2.87 2.87 2.87
Q HEIGHT, in 6.00 6.00 6.00
o WATER CONTENT, % 28.3 27.8 26.9
b 300 F, |DRY DENSITY, pcf 95.5 96.3 97.7
- W |SATURATION, % 100.0 100.0 100.0
) "~ |voID RATIO 0.765 0.750 0.725
o ‘e |DIAMETER, in 2.87 2.86 2.87
0 600 HEIGHT, in 5,99 5.98 5.99 |
v Strain rate, %/min 0.30 0.30 0.30 \
>
K 300 BACK PRESSURE, psf 0 0 0
CELL PRESSURE, psf 500 999 2000 \
0 SAIL. STRESS, psf 1464 1604 1562 |
0 5 10 15 20 |ULT. STRESS, psf |
Axial Strain, % ‘
&y FAILURE, psf 1963 2603 3562
TYPE OF TEST: _ 53 FATILURE, psf 500 999 2000
Unconsol idated Undrained
SAMPLE TYPE: Undisturbed CLIENT: USACE
DESCRIPTION: Pending
PROJECT: Napa River Flood Protection
Ll= 27 _ L= 19 PI= 8
1= -CTFTC GRAVITY= 2.7 SAMPLE LOCATION: 2F-03-06
REMARKS: scnples @ 8.2'-8.7",
8.7'-9.27,9.2'-9. 7" PROJ. NO.: 03-153 DATE: 3-19-03

No . :

TRIAXIAL SHEAR TEST REPORT

STERRA TESTING LABORATORIES, INC.
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Total
a=721 psf
1000 cx =1.5 deg
tan o< =0.03
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a
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e}
) 500 1000 1500 2000 3000
p, psf
Stress Paths: 4 indicates end
Client: USACE
Project: Napa River Flood Protection
Location: 2F-03-06
Fiie: 03-1053B Project No.: 03-153 Fig. No.:
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TOTAL EFFECTIVE . - _ o
C, psf 218 228 RN I
$. deg 25.6 37.6 P :
- TAN 0.48 0.77 3?; G R '/;;é)ﬂ'-
a SRR (RN L L
4000 7/
(/_)" ,:/:.. ";f o :
0 S SRR S . -
N 4= >%”_\\
_,_, . e / \.\ . . BN
n 2o Do oo : b co o
. i / Lol AN \
9 2000 -;ﬁiszf;\»// ! \ ' >
- B E i~ /. . N\ . -
& g ./<t\\\\ S N
[N\ \
..’~4 2 A : \ . .\_.... A I o
/ I""f' \: . . 1 .o
7 N L\_"\ii"_' Vo
0 N B 1 | |
0 2000 4000 6000 8000 10000 12000
Total Normal Stress, psf
Effective Normal Stress, psf - ===
9000 .
SAMPLE NO : T 2 3
VVATER CONTENT, % ,%.‘ . 26.8 26.2 26.0 -
7500 <é RY DENSITY._pcf © ¢ 94.1 96.7 97.6 .
) T ———— e
_ _ . H |SATURATION, % 31.4 95°3 06.6
] - -] |G |voIDp RATIO 0.791 0.742 0.726
D 6000 f\\“r‘*f~\L;\ | |A |DIAMETER, in 2.85 2.85 2.85
a N HEIGHT, in 5.33 5.42 5.25
- WATER CONTENT, % 28.5 25.4 24.0
0]
S 4500 F |DRY DENSITY, pcf 95.2 100.0 102.3
= Cee ] LI |SATURATION, % 100.0 100.0 100.0
N I e VOID RATIO 0.770 0.685 0.648
C . |[DIAMETER, in 2. .84 2.82 2 .81
o 3000 - S . HEIGHT, in 5.31 5.368 5.17
o o b o L Strain rate, %/min 0.03 0.03 0.03
FS 1500 I -;,/f-fJ"f**f’*f**- BACK PRESSURE, psf 8640 9202 7733
= e - CELL PRESSURE, psf 9639 11202 11733
AN FAIL. STRESS, psf 1944 4179 6598
o L= TOTAL PORE PR., psf 9403 9965 10037
0 5 10 15 20 |ULT. STRESS, psf
Axial Strain, % TOTAL PORE PR., psf
) . Oy FAILURE, psf 2180 5416 8294
TrPe OE TEST: O3 FATILURE, psf 236 1237 1696
CU with Pore Pressures
SAMPLE TYPE: Undisturbed CLIENT: USACE
DESCRIPTION: Pending
PROJECT: Napa River Flood Protection
L= 31 Pl = 17 PI= 14 Contract 2 West
SPECIFIC GRAVITY= 7.7 SAMPLE LOCATION: 2F-03-06 Tube 2
REMARKS: Depths 3 20.0-20.7', '
20.7-21.2", 21.2-21. 7" PROJ. NO.: 03-153 DATE: 3-19-03
TRIAXIAL SHEAR TEST REPQORT
. No.: SIERRA TESTING LABORATORIES, INC.
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Total Effective . P ////
a=197 psf 181 psf L /{/
4000 cx =23.4 deg 31.4 deg —
tan o =0.43 0.61 - —
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PR 35
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¢ s
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0
0 2000 4000 6000 8000 10000 12000
p. psf
Stress Paths: Total —  Effective - ~- End

Client: USACE
Project: Napa River Flood Protection Contract 2 West
Location: 2F-03-06 Tube 2

File:

03-153E Project No.: 03-153 Fig. No.:
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TOTAL EFFECTIVE S N N i
C, psf 1125 907 o L o ;é‘f".,, - L
de 13.3 22.0 T — - ——ni
L g : : S S e I I B et HE
- TAN 0.24 0.40 cobemTh T
%) - . - . b L Lo . Lo / oy .
a 2000 : R I e —
0 ‘ B Pt
v o s /17?9 7
0 . ,//,{I/ S
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: i
i 1 ‘
0 X ) - : e I i
0 1000 2000 3000 4000 5000 6000
Total Normal Stress, psf
Effective Normal Stress, psf -— =
6000 : _
SR T I I SAMPLE NO.: T2 3 ‘
[VATER CONTENT, % . .3 22.0 22.4 22.5 @'
5000 ; g QRY DENSITY. pcf . . 105.4-403.9 103.4./' - 2
i H |SATURATION, % 99.4 97.1 9Y6..
F |VOID RATIO 0.599 0.623 0.630
A : pid .
” 4000 . o | |4 |DIAMETER, in 2.80 2.83 2.83
a T HEIGHT, in 6.00 5.15 6.00
" //-,/’”f’\- - é WATER CONTENT, % 21.0 22.0 22.4
o . S
o 3000 A = Fy IDRY DENSITY, pcf 107.6 105.7 105.0
s ' LI |SATURATION, % 100.0 100.0 100.0
" / ’ VOID RATIO 0.567 0.595 0.606
. : Yt [PTAMETER, in 2.78 2.81 2.82
o 2000 HEIGHT, in 5.96  5.12  5.97
o Strain rate, Z/min 0.03 0.03 0.03
S 1000 BACK PRESSURE, psf 9317 9302 9331
Q CELL PRESSURE. psf 9816 10302 11331
I . : FAIL. STRESS, psf 3040 3606 3969
o L SRR IRER N I TOTAL PORE PR., psf 9432 9691 10195
0 10 20 30 40 |ULT. STRESS, psf
Axial Stroin' A TOTAL PORE PR., pSf
P ——. 5, FATLURE, psf 3424 4217 5105
. ‘ G3FAILURE, psf 384 611 1136
CU with Pore Pressures
SAMPLE TYPE: Undisturbed CLIENT: USACE
DESCRIPTION: Pending
PROJECT: Napa River Flood Protection
LL : 42 PL= %7 PI=5 Contract 2 West
SPECIFIC GRAVITY= 2 7" SAMPLE LOCATION: 2F-03-07 T1
REMARKS: Depths @ 8.8-9.3",
§.3-8.8", 9.3-9.8" PROJ. NO.: 03-153 DATE: 3-19-02
TRIAXIAL SHEAR TEST REPORT
Fig. No.: SIERRA TESTING LABORATORIES, INC.
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Client: USACE
Project: Napa River Flood Protection Contract 2 West
Location: 2F-03-07 T1
File: 03-153F Project No.: 03-153 Fig. No
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RESULTS
C, psf 2167
$., deg 3.2
- TAN ¢ 0.06
a 4000 -
o
[4}]
©
-
% SR . ]
“ e
® 2000 ————
< o LA
] ' /// fi.;
0 L S
0 2000 4000 6000 8000 10000 12000
Normal Stress, psf
6000 :
SAIPIF NO. : 1 2 3 !
— - - —
WATER CONTENT, % . ° 20.8 208 19.7 '
5000 —~— 3 |QBY TENSITY, po f . . 105.2.107.5 108.1
S SN H |SATURA TONT ™ % ¥5.3 98.9 95.0
Lo //':Ql c I |voID RATIO 0.602 0.568 0.559
y— - A z .
® 4000 [ 7 |DIAMETER, in 2.62 2.62 2.65
a A HEIGHT, in 6.00 6.00 6.00
@ : -Z/ : WATER CONTENT, % 22.0 20.4 20.1
o 3000 ty [DRY DENSITY, pcf 105.7 108.6 109.2
- : W |SATURATION, % 100.0 100.0 100.0
0 e ~ |voID RATIO 0.594 0.552 0.544
C e T |[DIAMETER, in 2.62 2.61 2.64
2000 ;
o _ HEIGHT, in 5.99 5.98 5.98
° Strain rate, %/min 0.30 0.30 0.30
>
2 1000 1 |BACK PRESSURE, psf 0 0 0
CELL PRESSURE, psf 999 2000 4000
0 FAIL. STRESS, psf 4726 4773 5062
0 10 20 30 40 1ULT. STRESS, psf
X Strain, %
Axial strain Gy FATLURE, psf 5725 6773 9062
TYPE OF TEST: _ O3 FAILURE, psf 999 2000 4000
Unconsol idated Undrained
SAMPLE TYPE: Undisturbed , CLIENT: USACE
DESCRIPTION: Pending
PROJECT: Napa River Flood Protection
LL= 45 _ CL= 22 PL= 23
WPECTFIC GRAVITY= 2.7 ° SAMPLE LOCATION: 2F-03-07 Tube 2
REMARKS: Depths @ 20..-20.8",
20.8-21.3", 21.3-21.8" PROJ. NO.: 03-153 DATE: 3-19-03
TRIAXIAL SHEAR TEST REPORT
Fig. No.: STERRA TESTING LABORATORIES. TNC.
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Project: Napa
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Project No @ 03-1
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30

Unconsol idated Undrained
SAMPLE TYPE: Undisturbed
DESCRIPTION: Pending

LL= 31 PL= 18 PI=13
SPECL, IC GRAVITY= Z./)

REMARKS: . othHs o 12.3-12.8",
12.8-13.3", 13.3-13.8"

RESULTS .
C, psi 13.2 :
$, deg 1.7 ‘ ; S
- TAN ¢ 0.03 | | B R
a 20 — b : : L
a | R
4] : Lo S
q) , i oo .:,;‘
o : R R
- ; e .
N - ~ ;:Ew i .
. ‘ D AN N -i
9 10 - \
. =
0 10 20 30 40 50 60
Normal Stress, psi
30 —
Pt AT B SAMPLE NO. : 1 2 3
Z /{7§;?§§j_ j WATER CONTENT, % . 28.6 27.9 27.4\,
25 : < IDRY PENSITY, pef - _ - '93.4 950 96.8,
r/ e ‘ H [SATURATION, % 96.0 97.3 Yy..
B A PR IS |VOID RATIO 0.804 0.774 0.741
" /B Z IDIAMETER, in 2.85 2.85 2.85
20 H .
a o HEIGHT, in 5.72 5.75 6.00
" ‘ WATER CONTENT, % 29.4 28.0 27.1
o 5 j b |DRY DENSITY, pcf 93.9 96.0 97.3
- | w |SATURATION, % 100.0 100.0 100.0
) - F lvoId rRaTIO 0.795 0.755 0.733
. o Yt IDIAMETER, in 2.85 2.84 2.85
0 10 fﬁ"*_ HEIGHT, in 5.71 5.73 5.99
9 ; ‘ Strain rate, %/min 0.30 0.30 0.30
>
@ 5 1 BACK PRESSURE, psi 0.0 0.0 0.0
CELL PRESSURE, psi 3.5 6.9 13.9
o FAIL. STRESS, psi 27.4 27.4 28.0
0 10 20 30 40 y 1. STRESS, psi
Axial Strain, % i
oy FAILURE, psi 30.9 34.4 41.9
TYPE OF TEST: O3 FAILURE, psi 3.5 6.9 13.9

=
CLTIENT: USACE

PROJ. NO.: 03-153

SAMPLE LOCATION: 2F-03-08 Tube

DATE :

PROJECT: Napa River Flood Protection

1

3-19-03

TRIAXIAL SHEAR TEST REPORT
STERRA TESTING LABORATORIES, INC.
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Total
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Q
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0] 5.0 10.0 15.0 20. 25. 30.0
p, psi
Stress Paths: 4+ indicates end
Client: USACE
Project: Napa River Flood Protection

Locotion:
Fite:

03-153C

2F-03-08 Tube 1

Project No.: 03-153




6000 : —
TOTAL EFFECTIVE SRR AU A SR RS '
C, psf 1180 780 ' j,,-’('
p, deg  10.4 24.5 P S
P .7
P
.- TAN 0.18 0.45 NPT IR
Q4000 = -
; 1
8 /
: L A
wn - : . . ) .
. ! . ' A
9 2000 N '
c . \ [
n H
O 4
0 2000 4000 6000 8000 10000 12000
Total Norma! Stress, psf
Effective Normal Stress, psf - — - =
6000
S SAMPLE NO. : ' 1 2
/\\ NATER CONTENT, % . 25.1 245 25.5 .%
5000 . 3 |[PR¥-DENSITY, pcf - : 96.4 96.9, ', &
, \ o H [SATURATLLN, % : 97.4 88.3 g3.3
-[\\ N F |voID RATIO 0.696 0.748 0.739
e g N = .
o 4000 al i 5 [DIAMETER, in 2.80 2.7% 2.83
a B Ry HEIGHT, in 5.61 5.20 6.00
o N L WATER CONTENT, % 24.4 24.7 24.2
9 2000 I ' b IDRY DENSITY, pcf 101.6 101.1 102.0
- L T L {SATURATION, % 100.0 100.0 100.0
0 ‘ L = IVOID RATIO 0.659 0.668 0.653
N Z DIAMETER, in 2.78 2.71 2.78
o 2000 HEIGHT, in 5.57 5.12  5.90
0 Strain rate, %Z/min 0.03 0.03 0.03
S 1000 BACK PRESSURE, psf 9317 9331 6278
- CELL PRESSURE, psf 10817 12331 12279
FAIL. STRESS, psf 3310 4453 5371
0 TOTAL PORE PR., psf 10109 11045 10123
0 10 20 30 40 {ULT, STRESS, psf
Axial Strain, % TOTAL PORE PR., psf
T — Oy FAILURE, psf 4019 5739 7527
TPE O, EST: O3 FATLURE, psf 708 1286 2156
CU with Pore Pressures
SAMPLE TYPE: Undisturbed CLIENT: USACE-Sacramento District
DESCRIPTION: Pending
PROJECT: Napa River Flood Protection
L= 51 PL= 26 PI= 25
SPECIFIC GRAVITY= 2.7 SAMPLE LOCATION: 2F-03-08 Tube 2
REMARKS: Depths @ 36.3-36.8".
36.8-37.3", 37.3-37.8" PROJ. NO.: 03-153 DATE: 5-7-03
TRIAXIAL SHEAR TEST REPORT
Fia. No SIERRA TESTING LABORATORIES, INC.
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Stress Paths: Total — Effective ——-- End 4
Client: USACE-Sacramento District
Project: Napa River Flood Protection
Location: 2F-03-08 Tube 2
File: 03-153G Project No.: 03-153 Fig. No.:




UNCONFINED COMPRESSION TEST
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O
0]
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Axial Strain, %
SAMPLE NO. : 1
Unconfined strength, psf 2475
Undrained shear strength, psf 1237
Failure strain, % 2.0
Strain rate, %/min 0.30
Water content, % . 25.&
Wet density, pcf 123,77
Dry density, pcf "98.0
Saoturation, % 96.7
Void ratio 0.7201
Specimen diameter, in 2.83
Specimen height, in 6.00
Height/diameter ratio 2.12
Description: Fat CLAY
LL = 51 [PL = 11 PT = 40 GS= 2.7 J Type: Undisturbed
Project No.: 03-153 Client: USACE

Date: 3-19-03

Remarks : Project: Napa River Flood Protection

Location: 2F-03-08 Tube 3 @ 52'-54"

UNCONFINED COMPRESSION TEST
Fig. No.: SIERRA TESTING LABORATORIES, INC.




CONSOLIDATION TEST REPORT
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Applied Pressure - tsf
Natural Dry Dens Sp. | Overburden P Swell Press. | Heave
L | Pl ' ¢ C C ' e
Sat. | Moist. (pcf) Gr. (tsf) (tsf) ¢ S (tsf) % ©
98.4% | 293% 924 51 40 2.65 14.77 0.29 | 0.03 0.11 0.790
MATERIAL DESCRIPTION USCS AASHTO
Fat clay CH A-7-6(36)
Froject 0. 03-153 Client: U.S. Army Corps of Engineers, Sacramento District Remarks:
Project: Napa River Flood Protection, Contract 2 West
Location: 2F-03-08
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APPENDIX5: PILE DESIGN CALCULATIONS



Napa Contract 2 West Soldier Pile Wall

Pile Foundation Depth for Vertical Wall at Hatt Building

Information (From MGE Engineering, structural designers)
2' diameter CIDH piles
8' spacing between footings, 6' spacing in footing
Compression Load 88.2 kips/pile
Tension Load 39.2 kips/pile

Factors of Safety (EM 1110-2-2906)
Verified by Pile Load Test 2.0
Not verified by Pile Load Test 3.0

Stratigraphy (Soil borings 2F-03-3, 2F-03-4, 2F-04-51, B-4)
25 feet dense sand and gravel (phi = 33 degrees)
25 feet very stiff/lhard lean clay (c =1200 psf)
10 feet dense sand and gravel (phi = 33 degrees)
6 feet hard lean clay (c=1200 psf)

There are many references and many methods for performing pile design. Use several methods and average the results for the design value.
References are: EM 1110-1-1905 (Bearing Capacity of Soils)

NAVFAC 7.2 (Foundations and Earth Structures)

Virginia Tech (Engineering Manual for Drilled Shafts)

FHwA-HI-88-042 (Drilled Shafts: Construction Procedures & Design Methods)



Case A. Assume pile depth = 51", 2" diameter, 3 piles
Pile founded 1 foot into lower sand and gravel layer. BUT, due to unknowns associated with the top elevation of that layer, assume "worst-case" condition
and use clay equations for end bearing

Compression capacity

End Bearing - use clay equations

Method Critical Depth  Pile Depth Pile Diam Cohesion Nep F, Unit End Bear As End Bear
Le (ft) (ft) (f (psf) (ksf) (ft2) kips
Bear Cap EM N.A. 51 2 1200 9.000 1.000 10.80 3.142 33.93
NAVFAC 7.2 N.A. 51 2 1200 9 10.8 3.142 33.93
VA Tech N.A. 51 2 1200 9 10.8 3.142 33.93
FHwWA N.A. 51 2 1200 9 10.8 3.1416 33.93

Avg 33.93



Skin Friction  sand portion

Method Pile Diam Pile Depth
(ft) (ft)
Bear Cap EM 2 25
NAVFAC 7.2 2 25
Touma&Reese 2 25
(VA Tech)
FHwWA 2 25

(ft%)
157
157

157

157

Midpt. Eff.Str.
o' (ksf)

1.1581
1.1581

1.1581

1.1581

Pr

0.45

1.02

(deg)

24.75

tan &

0.461

0.7

VA Tech and FHwA refs say drilled shafts in clay do not require a strength reduction for group effects. Drilled shafts in sand
require a strength reduction multiplier of 0.7 for spacing of 3 diameters

Khc

0.70

(deg)

33.00

tan ¢

0.649

Pile Group

fsi
(ksf)

0.52
0.37

0.53

1.18

*Avg.

Qsui
(kips)

81.82
58.64

82.60

185.95

74.35

(ignore FHWA - seems too higt

Multiplier

Group Avg.

0.7

52.05



Skin Friction

Method

Bear Cap EM
NAVFAC 7.2
VA Tech

FHwWA

(clay portion)

Clay Depth
(ft)

26
26
26

26

Pile Diam

(ft)
2

2

A, clay
(ft)

163.28
163.28
163.28

163.28

Cohesion
(ksf)

12
12
12

12

Oy Ca fsi Asi
(ksf) (ft)

0.55 0.66 157
0.6 0.72 157

0.55 0.66 157
0.55 0.66 157
Avg.

Total Skin Friction

End bearing

Total

Allowable F.S. =2
Allowable F.S. =3

Qsui
(kips)

103.62
113.04
103.62
103.62
105.98
158.02

33.93

191.95

95.98
63.98



CHECK TENSION CAPACITY

Case A. Pile Depth =51 feet, diameter = 2', pile founded in clay, 3 piles

Method Pile Depth Pile Diam Wt Pile Skin Frict Multiplier Qni Pni
(ft) (ft) (kips) (kips) (kips) (kips)
Bear Cap EM 51 2 14.03 185.44 0.667 123.69 137.72
NAVFAC 7.2 51 2 14.03 171.68 0.4 68.67 82.70
Va Tech 51 2 14.03 186.22 0.55 102.42 116.45
FHwWA 51 2 14.03 not used - too high
Average 112.29 (for one pile)

The References say the uplift capacity for a group of drilled shafts is the lesser of
a. The sum of the individual uplift capacities of the drilled shafts
b. The effective weight of the block of soil and the piles within the group
a. 112.29x3 = 337 Kips
b. Soil Wt. 105 Kips Pile wt = 42 Total 147 controls
Allowable F.S. =2 74

Allowable F.S. =3 49



Case B. Assume pile depth =51', 3' diameter pile
Pile founded 1 foot into lower sand and gravel layer. BUT, due to unknowns associated with the top of that layer, assume "worst-case" condition
and use clay equations for end bearing

Compression Capacity

End Bearing - use clay equations

Method Critical Depth Pile Depth Pile Diam Cohesion Nep F, Unit End Bear As End Bear
Le (ft) (ft) (f (psf) (ksf) (ft2) kips
Bear Cap EM N.A. 51 3 1200 9.000 1.000 10.80 7.069 76.34
NAVFAC 7.2 N.A. 51 3 1200 9 10.8 7.069 76.34
VA Tech N.A. 51 3 1200 9 10.8 7.069 76.34
FHwWA N.A. 51 3 1200 9 10.8 7.0686 76.34

Avg 76.34



Skin Friction

Method

Bear Cap EM
NAVFAC 7.2

Touma&Reese
(VA Tech)

FHwWA

sand portion

Pile Diam

(ft)

3

3

3

Pile Depth

(ft)
25
25

25

25

A
(ft?)

2355

2355

2355

235.5

Midpt. Eff.Str.

' (ksf)
1.1581
1.1581

1.1581

1.1581

Pr

0.45

1.02

(deg)

24.75

tan o

0.461

0.7

VA Tech and FHwWA refs say drilled shafts in clay do not require a strength reduction for group effects. Drilled shafts in sand
require a strength reduction multiplier of 0.7 for spacing of 3 diameters

Skin Friction

Method

Bear Cap EM
NAVFAC 7.2
VA Tech

FHwWA

(clay portion)

Clay Depth

(ft)
26
26
26

26

Pile Diam

(ff)
3

3

A clay
(ft)

244.92
244.92
244.92

244.92

Cohesion
(ksf)

1.2
1.2
1.2

1.2

Olg

0.55

0.55

0.55

Ca

0.6

(ksf)
0.66
0.72
0.66

0.66

Asi
(ft%)

235.5
235.5
235.5
235.5

Avg.

Khc

0.70

Qsui
(kips)

155.43
169.56
155.43
155.43

158.96

(deg)

33.00

tan ¢

0.649

Pile Group

fsi Qsui
(ksf) (kips)
0.52 122.73
0.37 87.96
0.53 123.90
1.18 278.92
*Avg. 111.53

(ignore FHWA - seems too higt

Multiplier 0.7

Group Avg. 78.07



CHECK TENSION CAPACITY

Total Skin Friction

End bearing

Total

Allowable F.S. =2
Allowable F.S. =3

Case B. Pile Depth =51 feet, diameter = 3', pile founded in clay, assume 2 piles

Method

Bear Cap EM
NAVFAC 7.2
Va Tech

FHwWA

Pile Depth
(ft)

51
51
51

51

Pile Diam

(ft)
3

3

Wit Pile
(kips)

31.56
31.56
31.56

31.56

Multiplier Qni Pni
(kips) (kips)
0.667 185.53 217.10
257.52 0.4 103.01 134.57
279.33 0.55 153.63 185.20

not used - too high

Average

178.95 (for one pile)

237.03

76.34

313.37

156.69
104.46



The References say the uplift capacity for a group of drilled shafts is the lesser of
a. The sum of the individual uplift capacities of the drilled shafts
b. The effective weight of the block of soil and the piles within the group
a. 178.95x2 = 358 Kips
b. Soil Wt. 110 Kips Pile wt = 63 Total
Allowable F.S. =2

Allowable F.S. =3

Case C. 2'diameter, 3 piles, Check capacity at bottom of explorations (depth = 66').
Pile founded in clay

Compressin Capacity

End Bearing - use clay equations

Method Critical Depth Pile Depth Pile Diam Cohesion Nep F, Unit End Bear
Le (ft) (ft) (f (psf)
Bear Cap EM N.A. 66 2 1200 9.000 1.000 10.80
NAVFAC 7.2 N.A. 66 2 1200 9
VA Tech N.A. 66 2 1200 9
FHwWA N.A. 66 2 1200 9

173

87

58

(ft2)
3.142
3.142
3.142

3.1416

Avg

controls

End Bear
kips

33.93
33.93
33.93

33.93

33.93



Skin Friction  upper sand

Method Pile Diam
(ft)
Bear Cap EM 2
NAVFAC 7.2 2
Touma&Reese 2
(VA Tech)
FHwWA 2

VA Tech and FHwWA refs say drilled shafts in clay do not require a strength reduction for group effects. Drilled shafts in sand

Pile Depth
(ft)

25
25

25

25

A
(ft?)

157

157

157

157

Midpt. Eff.Str.
o' (ksf)

1.1581
1.1581

1.1581

1.1581

require a strength reduction multiplier of 0.7 for spacing of 3 diameters

Skin Friction lower sand

Method Pile Diam
(ft)
Bear Cap EM 2
NAVFAC 7.2 2
Touma&Reese 2
(VA Tech)
FHwWA 2

Pile Depth
(ft)

10
10

10

10

As
(%)

62.8
62.8

62.8

62.8

Midpt. Eff.Str.
o' (ksf)

3.8186
3.8186

3.8186

3.8186

Pr

0.45

1.02

Pr

0.45

1.20

(deg)

24.75

(deg)

24.75

tan o

0.461

tan &

0.461

0.7

0.7

Khc

0.70

Khc

0.70

(deg)

33.00

(deg)

33.00

tan ¢

0.649

Pile Group

tan ¢

0.649

fsi Qsui
(ksf) (kips)
0.52 81.82
0.37 58.64
0.53 82.60
1.18 185.95
*Avg. 74.35

(ignore FHWA - seems too higt

Multiplier 0.7

Group Avg. 52.05
fsi Qsui
(ksf) (kips)
1.72 107.91
1.23 77.34
1.73 108.94

4.58 287.32



VA Tech and FHwWA refs say drilled shafts in clay do not require a strength reduction for group effects. Drilled shafts in sand
require a strength reduction multiplier of 0.7 for spacing of 3 diameters

Skin Friction

Method

Bear Cap EM
NAVFAC 7.2
VA Tech

FHwWA

upper clay

Clay Depth
(ft)

26
26
26

26

Pile Diam

(ft)
2

2

A, clay
(ft)

163.28
163.28
163.28

163.28

Cohesion
(ksf)

12
12
12

12

Ola CA
0.55
0.6
0.55
0.55

(ksf)
0.66
0.72
0.66

0.66

Asi
(ft?)

157
157
157

157

Avg.

Qsui
(kips)

103.62
113.04
103.62
103.62

105.98

*Avg. 98.07
(ignore FHWA - seems too higt

Multiplier 0.7
Group Avg. 68.65
Total Sand Skin Friction 120.69



Skin Friction lower clay

Method Clay Depth  Pile Diam A clay Cohesion
(ft) (ft) (ft) (ksf)
Bear Cap EM 6 2 37.68 1.2
NAVFAC 7.2 6 2 37.68 1.2
VA Tech 6 2 37.68 1.2
FHwA 6 2 37.68 1.2

Don't need to check tension capacity as 51' pile is OK in tension

Oy

0.55

0.55

0.55

Ca s Asi
(ksf) (ft)
0.66 31.4
0.6 0.72 31.4
0.66 31.4
0.66 31.4
Avg.

Total clay skin friction

TOTAL SKIN FRICTION

END BEARING

TOTAL CAPACITY

Allowable F.S. =2
Allowable F.S. =3

Qsui
(kips)

20.72
22.61
20.72
20.72
21.20

127.17

247.86
33.93
281.79

140.90
93.93



Case D. Assume 60 foot pile depth, 2' diameter, 3 piles

Everything the same as previous case except don't have the skin friction of the lower clay layer.

Total skin friction 226.67
End Bearing 33.93
TOTAL CAPACITY 260.60
Allowable F.S. =2 130.30
Allowable F.S. =3 86.87

CHECK TENSION CAPACITY

Case D. Pile Depth = 60 feet, diameter = 2', pile founded in clay, 3 piles

Method Pile Depth Pile Diam Wt Pile Skin Frict Multiplier
(ft) (ft) (kips) (kips)
Bear Cap EM 60 2 16.50 236.43 0.667
NAVFAC 7.2 60 2 16.50 208.23 0.4
Va Tech 60 2 16.50 215.58 0.55
FHwWA 60 2 16.50 not used - too high
Average

The References say the uplift capacity for a group of drilled shafts is the lesser of
a. The sum of the individual uplift capacities of the drilled shafts
b. The effective weight of the block of soil and the piles within the group

Qni
(kips)

157.70
83.29

118.57

Pni
(kips)

174.20
99.80

135.07

136.36 (for one pile)



a. 136.36 x3 = 409 Kips

b. Soil Wt. 131 Kips Pile wt = 50 Total 181 controls
Allowable F.S. =2 20
Allowable F.S. =3 60

Case E. All soil borings extending deep enough have the lower sand & gravel layer. If it does not exist over all of Wall Type A area, will
10" of clay instead of sand at bottom give sufficient capacity

Minimum required total capacity (88.2 x 3) 264.6 Kips

End bearing and skin friction in upper sand layer will not change

End Bearing 33.93
Upper Sand Skin Friction 74.35
Sum 108.28
Required clay skin friction 156.32
Skin Friction clay
Method Clay Depth  Pile Diam A clay Cohesion oy Ca fg A Qsui
(1) (ft) (ft) (ksf) (ksf) (ft%) (kips)
Bear Cap EM 35 2 219.8 1.2 0.55 0.66 213.52 140.92
NAVFAC 7.2 35 2 219.8 1.2 0.6 0.72 213.52 153.73
VA Tech 35 2 219.8 1.2 0.55 0.66 213.52 140.92
FHwA 35 2 219.8 1.2 0.55 0.66 213.52 140.92

Avg. 144.13



Total capacity 252.41 Kips

F.S. 2.86

Don't need to check tension capacity as 51’ pile is OK in tension

CHECK BLOCK FAILURE CAPACITY FOR CASES D AND E

Case D

Use worst case block situation, 90 feet along wall LOL, 9 feet perpendicular to wall LOL, 36 total piles
Capacity of 36 piles = 36 x 277.10 9,381.55 Kips

Block Capacity

End Bearing
X Y N C Qui
(ft) (ft) (ksf) kips
9 90 7.65 1.2 7,435.80
Skin Friction

Sand layers - assume calculated the same as above



Upper sand

Method Width
(ft)
Bear Cap EM 9
NAVFAC 7.2 9
Touma&Reese 9
(VA Tech)
FHwWA 9

VA Tech and FHwWA refs say drilled shafts in clay do not require a strength reduction for group effects. Drilled shafts in sand

Pile Depth
(ft)

25
25

25

25

A
(ft?)

4950

4950

4950

4950

Midpt. Eff.Str.
o' (ksf)

1.1581
1.1581

1.1581

1.1581

require a strength reduction multiplier of 0.7 for spacing of 3 diameters

Skin Friction lower sand

Method Width
(ft)
Bear Cap EM 9
NAVFAC 7.2 9
Touma&Reese 9
(VA Tech)
FHwWA 9

Pile Depth
(ft)

10
10

10

10

As
(%)

1980
1980

1980

1980

Midpt. Eff.Str.
o' (ksf)

3.8186
3.8186

3.8186

3.8186

Pr

0.45

1.02

Pr

0.45

1.20

(deg)

24.75

(deg)

24.75

tan o

0.461

tan &

0.461

0.7

0.7

Khc

0.70

Khc

0.70

(deg)

33.00

(deg)

33.00

tan ¢

0.649

Pile Group

tan ¢

0.649

fsi
(ksf)

0.52
0.37

0.53

1.18

*Avg.

Qsui
(kips)

2579.67
1848.87

2604.29

5862.74

2344.27

(ignore FHWA - seems too higt

Multiplier

Group Avg.

fsi
(ksf)

1.72
1.23

1.73

4.58

0.7

1640.99

Qsui
(kips)

3402.37
2438.51

3434.84

9058.86



*Avg. 3091.91
(ignore FHWA - seems too higt

VA Tech and FHwWA refs say drilled shafts in clay do not require a strength reduction for group effects. Drilled shafts in sand Pile Group Multiplier 0.7
require a strength reduction multiplier of 0.7 for spacing of 3 diameters

Group Avg. 2164.34

Total Sand Skin Friction 3805.33

Skin Friction clay

According to VA Tech and FHwA refs, do not use the reduction multiplier (usually called o) when doing block analysis

X Y z C Qui

(ft) (ft) (ft) (ksf) kips

9 90 25 1.2 5,940.00
Total Capacity 17,181.13 Kips So individual pile capacity controls
Case E.
End bearing same as Case D 7,435.80 Kips
Skin friction sand - same as upper sand in Case D 1,640.99 Kips

Skin friction clay

X Y z C Qui
(ft) (ft) (ft) (ksf) kips
9 90 35 1.2 8,316.00

Total Capacity 17,392.79 So individual pile capacity controls
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APPENDIX 6: DEFLECTION/SETTLEMENT CALCULATIONS









APPENDIX 7: BEARING CAPACITY CALCULATIONS - UPPER WALL
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APPENDIX 8: GLOBAL STABILITY FAILURE SURFACES
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CONVERSATION RECORD
Person Called: Mark Andrilla, City of Napa Public Works, (707) 257-9520 x7423
Person Calling: Jane Bolton, CESPK-ED-GS, (916) 557-7637

Date of Call: January 12, 2005

I asked Mark if he could direct me to someone who had any knowledge about the
experiences of the Third and/or First Street bridge contractors with installing sheet piles
in the Napa River. Mark said he had been on site off and on throughout the construction
of the pier cofferdams for both bridges. He said the sheet piles were installed with
vibratory hammers. In some cases the piles went in easy, in some cases the piles were
difficult to install. Only for the easterly pier of the First Street bridge did they encounter
refusal with the vibratory hammer on some of the piles. In those cases, they switched to
a diesel drop hammer and were able to install the piles with the drop hammer.
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CONVERSATION RECORD
Person Called: Jane Bolton, CESPK-ED-GS, (916) 806-0239 (cell)
Person Calling: Bob Sennett, MGE Engineering, (916) 421-1000
Date of Call: February 1, 2005

Bob asked me about the tip elevation of the piles for the first 248 lineal feet of the soldier
pile wall. 1 told him I had given him a tip elevation of —60 ft. NGVD in an earlier email
and he said he would look for it. We also talked about the possible impact of a building
surcharge for Downtown Joes on the lower wall design. Bob said MGE will look at
whether temporary shoring will be required during construction. 1 said it was possible
the building surcharge would add to the loading on the lower wall, but given the
elevations, the distance away from the wall, and the relatively light loading of Downtown
Joes that an impact would likely be small, but MGE will look at it. | described the global
stability analysis I did, that it took a building surcharge of 3,000 pounds per square foot
to develop a critical global stability situation, and Bob said a building of that size and
type would likely have a surcharge of about 1,000 pounds per square foot.
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DESIGN DOCUMENTATION REPORTI

Napa River/Napa Creek Flood Protection
Contract 2 West

1.0 Executive Summary

This report discusses the results of final level designs for the primary floodwall
between the Napa Mill complex (Hatt Building) and the 1% Street Bridge as well as
secondary walls retaining the upper promenade walkway for the Napa River/Napa
Creek Flood Protection Project within the City of Napa, California. The purpose of
this report is to document design features that differ from the concepts as shown in
the Final Supplemental General Design Memorandum (FSGDM) prepared by the
USACE and dated October 1998.

Project aesthetics and features utilized the recommendations documented in the City
of Napa, Downtown Riverfront Urban Design Plan, February, 2003 and includes
features such as river walk pedestrian access, surface finish aesthetics, lighting,
planting, and redevelopment of Veterans Park. Generaly, the recommendations
outlined in the Urban Design Plan were incorporated into the Flood Protection
project through direct improvements, or through design incorporating provision for
future installation.

The primary floodwall can be separated into two distinct portlons 1) Napa Mill
Complex (from the beginning of the wall to 5" Street, and 2) 5" Street to the 1%
Street Bridge. The portion of the wall at the Napa Mill Complex extends into the
river channel initially before entering the existing patio area, paraleling the hotel
addition, and ending at 5" Street. The design height of the wall varies from
approxmately 16-feet to 24-feet, transitioning to a design height of approximately
12-feet at 5" Street at the beginning of the lower promenade. The remaining portion
of the wall terminates at an existing concrete wall adjacent to Riverside Auto and
just southeast of the existing 1% Street Bridge. The design height of this portion of
the wall varies from approximately 10-feet for the mgority of the wall limits to
approximately 7-feet where the lower promenade passes below the existing 3" Street
Bridge.

The FSGDM indicated the use of a soldier pile wall with precast concrete panels and
tieback anchors for the primary lower floodwall, and conventional cast-in-place,
reinforced concrete cantilever walls with spread footings for the upper setback walls.

Additional investigations regarding appropriate wall types to be utilized were
performed. Wall type selection considerations included:

1. Constructability
2. Cost
3. Aesthetics

The following wall types were considered:

1. Cast-in-place (CIP), reinforced concrete cantilever soldier pile supported on
24-inch and 36-inch cast-in-drilled-hole (CIDH) concrete piles,

2. CIP, reinforced concrete cantilever wall supported on 24-inch CIDH
concrete pile footings,
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3. Soldier pile wall with precast concrete panels, and

4. Soil nail tieback wall with CIP concrete facing.

Recommended wall types for the various portions of the project were as follows:
1. NapaMill Complex:

a) Beginning of wall (Station 0+00) to Station 2+56 - Cast-in-place,
reinforced concrete cantilever wall supported on 24-inch diameter
CIDH concrete pile footings.

b) Station 2+56 to Station 4+68 - Cast-in-place, reinforced concrete
soldier pile wall supported on 36-inch diameter CIDH concrete
piles.

2. 5th Street to Existing Wall at Riverside Auto: Station 4+68 to 16+40 -
Cast-in-place, reinforced concrete soldier pile wall supported on 24-inch
diameter CIDH concrete piles.

3. Upper Level Promenade Walls: From 5™ Street to the Main Street Landing,
from the Main Street Landing to the south side of the 39 Street Bridge,
from the north side of the 3" Street Bridge to Veterans Park, and from
Veterans Park to the First Street Bridge - Cast-in-place, reinforced concrete,
cantilever walls supported on spread footings.

In addition to the construction of the new primary floodwall, the existing floodwall
below the 3¢ Street Bridge will be modified to facilitate the raising of the lower
promenade as well as to complete the connection of the new primary floodwall at
each side of the bridge.

2.0 Design Criteria

2.1 Floodwalls and Retaining Walls

Floodwalls and retaining walls will be designed in accordance with the design
criteriain Section 18.2 of the FSGDM with the following exceptions:

1. Minimum concrete strength of 4,000 psi specified.

2. Vehicle loadings considered only at wall locations where vehicle access is
feasible.
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2.2 General Design Criteria
2.2.1 Primary Flood Wall Alignment

Final Design for this construction contract began with the finalization of the primary
floodwall alignments. In general, the alignments as shown on the Urban Design
Plan were compared with the alignments used for hydraulic analysis prepared by the
USACE. Minor modifications to the USACE alignment were proposed to meet the
intent of the Urban Design Plan, and affects of this realignment were adopted after
analysis determined that desired flood protection was achieved and the alignments
were acceptable to the City of Napa. Specific alignment changes that were adopted
include:

1. Bulb radius at the 4™ Street Boat Dock — Radius and location of the curve
were modified to better center the access stairs and provide promenade
width.

2. Radius and tangent alignments at Veteran's Park Bandstand — Radius and
tangent alignments were modified to highlight the bandstand area, and
provide desired promenade widths. Additionally, the center of the ellipse
was shifted to center on the park and provide adequate ramp length to
comply with accessibility requirements.

2.2.2 Location of Flood Protection Elevation (FPE)

The flood protection elevation (with freeboard) was defined during finalization of the
floodwall alignments. In general, the flood protection elevation from south to north
is defined asfollows:

1. Begin Floodwall #1 — FPE at 17.50' located at beginning of promenade,
Station 0+00. Protection is maintained at or above this elevation to Station
4+68 where FPE turns west to top of Ramp/Stairs Access No. 1 at 5" Street.

2. Begin Hoodwall #2 — FPE from beginning of Wall #2 to top of Ramp/Stairs
Access #2 at 4" Street.

3. Begin Floodwall #3 — FPE from beginning of Wall #3 to end of Wall #3 at
the south side of the Third Street Bridge abutment. FPE is along the face of
the existing Third Street Bridge abutment to the beginning of VP Wall #1.

4. Begin VP Wall #1 — FPE from beginning of VP Wall #1 to approximate
station 0+90 where the FPE travels perpendicular to the VP South Ramp to
Terrace Wall No. 1.

5. VP Terace Wall # 1 — FPE travels along Terrace Wall #1 from beginning to
end, then follows VP Wall #4 to the top of VP Ramp #3.

6. Flood protection across VP North Ramp is provided by a temporary flood
wall (Stop Log) assembled prior to high water.
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7. Wall #6 — FPE from beginning of Wall #6 to End of Wall # 6 at Ramp/Stair
AccessNo. 3.

8. Top of Ramp/Stair Access No. 3 northern wall to terminus of Wall #1.

2.2.3 Structural Concrete Pavement Design

The structural concrete pavement for the lower promenade is intended to
accommodate pedestrian loading only, and was therefore designed as a reinforced
concrete slab 4 inches thick. The upper promenade is intended to accommodate
pedestrian, maintenance truck and emergency vehicle loading and was designed as a
reinforced concrete slab 6 inches thick.

Because of the difficulty of pavement replacement after construction and the phasing
of construction of the upper promenade, the design team determined that a geotextile
would be utilized to separate the pavement structural section from the pavement
subgrade. This geotextile will prevent intrusion of subgrade materias into the
structural section and provide extended service life. Additionally, the geotextile will
serve to uniformly distribute pavement loading to the subgrade and prevent localized
failure. It is believed that utilization of the geotextile to reinforce the structural
pavement section is justified to extend the useful life of the pavement and reduce the
long-term maintenance burden on the owner.

224 Ramps and Stairs

The three sets of ramps and stairs at 5", 4™ and 1% street have been designed to meet
ADA and pedestrian loading requirements.

2.25 Veterans Park Amphitheater

The Veteran's Park Amphitheater was designed in accordance with the concepts
outlined in the Urban Design Plan. There are three points of access from Main
Street and access to the lower promenade pedestrian path. Access between Main
Street and the lower promenade meets ADA requirements. Maintenance vehicle
access is limited to the bottom of the main north and south ramps.

The Bandstand Plaza was located above the 10-year flood elevation, with a series of
turf-planted elliptical terraces forming the amphitheater. All terraces provide
wheelchair access and wheelchair parking. The park is contained on the north and
south by landscaped planters.

Electrical power for lighting, water for a drinking fountain and landscape irrigation
and subsurface drainage has been provided. A foundation and electrical conduits for
future power to the bandstand have also been provided.

Many of the existing improvements within the park will be salvaged. Four light
fixtures will be relocated from within the park to the park’s Main Street frontage.
The pedestrian sidewalk along Main Street will be replaced.
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2.3 Design Modifications from the Urban Design Plan

Several design modifications to the Urban Design Plan have occurred to the flood
protection project. In general, these modifications have been dictated by schedule,
adjacent property owner requirements or compliance with state and local codes.
These modifications are summarized bel ow:

2.3.1 Hatt to 5th Street

The design alignment from the beginning of the project to 5™ Street primarily follows
the alignment shown in the Urban Design Plan. A short section of the existing
pedestrian walkway required removal and replacement to meet the required project
flood control elevations. Initial discussion contemplated access to the promenade
from the corridor between the Angele Restaurant and the outdoor covered dining area
fronting the Main Street parking lot. This access was discounted after discussion
with the property Owner.

Discussions concerning continuous pedestrian access between the beginning of the
project and the 5™ Street access required several iterations of design in an attempt to
provide continuous pedestrian access and provide continued use of the patio for Hatt
building customers. Due to the alignment of the floodwall in proximity to the newer
Hatt Residentia Suites, it was determined that sufficient Right-of-Way would not be
available in a post project condition to provide sufficient walkway width without
significant impact to the suites. As a result, the design team was directed to
eliminate the walkway between the floodwall and the Hatt Suites building in favor of
an unimproved areato be landscaped after completion of the flood control project.

Construction setback requirements dictated a significant impact to the patio/dining
area between the primary floodwall and the existing Hatt Building. The design team
assembled design documents for the reconstruction of the Hatt patio as part of the
flood control project.

2.3.2 5th Street to 31d Street

The project design between 5™ Street and 3™ Street matches the Urban Design Plan.
The access ramp/stairs were mirrored to eliminate conflicts between stair and ramp
users.

As aresult of pending commercial improvements (Channel Development) planned
for the undeveloped area bounded by Main Street and the flood control project and
by 5" and 3" Streets, the design team determined that portions of the flood control
project could not be constructed prior to the Channel Development construction
without damage to flood project improvements. This led to the development of a
Matchline between the projects to clearly define limits of construction and to define
finish elevations between the projects to be used for drainage and other
improvements.

Conceptua design improvements for the terminus of 5™ Street were completed by
the design team, however, responsibility for final design and construction will be left
to the Channel Development Project. A similar division of design and construction
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responsibility was developed for the area south of the Third Street Bridge and Main
Street.

At the request of the City of Napa, the ramp/stair access at 4™ Street was redesi gned
by the author of the Urban Design Plan after the 50% plan submittal to revise the
aesthetics and operations of the stairs and access ramp. The redesign replaced the
symmetrical concept with the asymmetrical design presented in the final plans.

Accommodation for the 4™ Street boat dock and ramp was included in the design.
Meetings and shared design files with Charles Rauw, the City of Napa dock and
ramp designer, were utilized to provide future dock and ramp accommodations
without compromise to the goals of the flood control project.

2.3.3 Below the 3d Street Bridge

The existing solider-pile wall and walkway below the 3% Street Bridge was
constructed several feet below the required elevation. As a result, the design team
prepared a design to raise the surface elevation of this portion of the lower
promenade. Limitation to the finish height of the walkway was determined by the
soffit elevation of the bridge and the height of an existing waterline hung from the
underside of the bridge.

The knowledge that this portion of the lower promenade will be subject to flooding
and flood debris led the design team to provide longitudinal and transverse surface
drainage for this portion of the walkway. In addition, a removable grate leading to a
river drain protected by aflap gate will also aid in the post-flood recovery.

Accommodation was also provided for existing bridge deck and abutment drain-line
extensions.

234 Veterans Park

Design and layout of Veterans Park (VP) followed the concepts prescribed in the
Urban Design Plan thorough 35% design. A dlight modification to the floodwall
alignment was approved, moving the floodwall closer the river centerline. This shift
allowed the design to more closely reflect the concept of the Urban Design Plan.

Between the 35% and 50% design, analysis by the City of Napa Accessibility
Consultant required that the northern VP stairs proposed in the Urban Design Plan
be replaced by accessible ramps and that all terraces be provided with handicap
accessibility and wheelchair parking. In order for the ramp and terrace access to
meet accessibility requirements, finish surface elevations below the 100-year
protection elevation were required on the VP north ramp. As aresult, aflood control
bulkhead has been provided to meet the project goals.

The bulkhead consists of self-sealing, 6” high by 14’ long flood panels. The flood
panels have been provided with on-site, secure storage for easy deployment prior to
high water. The installation and maintenance responsibility for this bulkhead will be
provided by the Napa County Flood Control Agency.
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Per the Urban Design Plan a drinking fountain has been provided at Veterans Park.
Due to vandalism protection and to prevent potable water cross-contamination during
flood events, the drinking fountain has been located outside the flooding zone.

2.35 Veterans Park to 1st Street

The northern boundary of Veterans Park is shared by the ‘Downtown Joe's
restaurant (DJ). In order to reduce the impact to the DJ dining patio, the north and
south VP ramps and the northern VP planter was dightly reduced in size between the
50% and 95% design submittals. This shift minimized the impact to the DJ dining
patio, and located Wall #6 in the location of the current patio wall.

DJ operates a dining room in a building that has been constructed on cantilevered
steel moment frames. The design team requested and obtained a shift in the primary
flood wall at this location towards the river centerline in order to provide room to
construct the upper wall near this dining room. In addition, DJ utilizes the area
below the dining room for equipment and restaurant storage. To protect and allow
continuation of this use, the design team provided a retaining wall and drainage
below the dining room to allow for backfill and drainage of the upper floodwall
without compromise to the DJ storage area.

The terminus of the reach of this contract is at an existing un-reinforced masonry
wall located south of the bridge at 1% Street. The ramp and stairs providing access to
the lower promenade at this location mirrors the ramp/stairs at 5 Street. The design
of this area reflects the Urban Design Plan. Conformance to existing asphalt
pavement and pedestrian walkways has been provided. The relocation of the existing
trash enclosure removed by the project is the responsibility of the City of Napa.

A 6 wide wakway at the level of the upper promenade has been provided at the
northern terminus of the project. This ‘half-section’ of the promenade is intended as
a provision for future widening and river walk extension with development to the
north.

3.0 Wall Type Recommendations

Selection of the various wall types for the limits of the project considered
constructability, cost, and aesthetics. Constructability issues included: limited areas
and lengths for soil nail tieback anchors, subsurface debris, construction below the
mean lower low water elevation, areas of cut and fill configurations, and
construction adjacent to existing buildings and public facilities. Desired wall
aesthetics consist of a rusticated block pattern achieved through the use of form
liners.

3.1 Napa Mill Complex (Beginning of Wall to 5" Street)

Within this portion of the wall limits, tieback anchors could not be considered due to
the close proximity of the wall to the existing structures as well as the lack of
complete "as-built” plans. Wall types considered consisted of a cast-in-place,
reinforced concrete soldier pile wall supported on 36-inch diameter
cast-in-drilled-hole concrete piles, and a conventional cast-in-place concrete
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cantilever wall supported on a concrete pile footing utilizing 24-inch diameter
cast-in-drilled-hole concrete piles. Analysis results indicated that at the tallest regions
of the wall, displacements were not acceptable considering a soldier pile type wall
without tieback anchors. Thus, for wall heights greater than about 16 feet, the
cantilever wall with a pile footing utilizing 24-inch CIDH concrete piles is required.
Considering the higher cost of the cantilever wall on pile footings, a transition to the
soldier pile wall is recommended as soon as the design height drops below about
16-feet.

3.2 5" Street to 1% Street (Riverside Auto)

Within this portion of the project, the wall limits between station 4+68 (5th Street) to
station 14+07 (just north of Downtown Joe's restaurant), a soil nail type tieback
anchor wall is a feasible aternative to a conventional cast-in-place concrete soldier
pile wall utilizing 24-inch CIDH concrete piles. From station 14+07 to station 16+40
(end of wall), a CIP soldier pile wall supported on CIDH concrete piles is required
due to the wall height and existing grade fill conditions. The use of a wall type
utilizing precast concrete panels was also considered. However, the expected need to
make glight location adjustments of soldier piles as a result of the presence of
subsurface debris would result in the need to cast additional non-uniform panel
widths. Considering the potential negative affects on the aesthetics in addition to
likely construction change orders, the decision was made to not further evaluate a
precast concrete wall type alternative.

Further investigations revealed that a cast-in-place reinforced concrete soldier pile
wall with 24-inch CIDH concrete piling spaced at 12-feet would be adequate to
satisfy the design requirements for the majority of the limits of the wall. Cost of the
wall was estimated to be $74/SF. Costs for a soil nail type tieback wall were
estimated to be $66/SF. Potential cost savings considering construction of a soil nail
wall between stations 4+68 and 14+07 was estimated to be $96,000 (2.6% of total
wall cost).

Considering the relatively small potential cost savings of constructing a soil nall
wall, and considering the advantages of utilizing one wall type for the lower
promenade, the cast-in-place soldier pile wall was recommended.

4.0 Upper Promenade Walls

At upper promenade wall locations, conventional cast-in-place, reinforced concrete
cantilever walls supported on spread footings were recommended due to the
advantages of cost, constructability, and aesthetics over other wall types considered.

5.0 Wall Aesthetics

Desired wall aesthetic treatment consists of a rusticated block pattern achieved
through the use of form liners, and matching those used on the new Third Street
Bridge retaining/wing walls. Walls will incorporate pilasters, coping, and metal tube
hand and picket railings and other features as described in the Downtown Riverfront
Urban Design Plan prepared by the City of Napa and dated February 2003.
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6.0 Project Utilities Design

Project utilities design consists primarily of storm drainage, landscape irrigation
supply, domestic and fire water supply at Veteran's Park, power for project site
lighting, and a sanitary sewer connection for the Veteran's Park drinking fountain.

6.1.1 Storm Drainage

The City of Napa, who will be responsible for storm drainage maintenance, requested
that primary storm drainage pipe be a minimum of 12" diameter and utilize Class 3
Reinforced Concrete pipe (RCP).

In general, the project directs surface drainage within the boundary of the project into
subsurface drainage systems that outlet through the lower floodwall. Where the
lower promenade has little or no slope, the surface pavement has been graded away
from the lower wall towards the upper wall and into longitudinal trench drains.
These trench drains are piped under the lower promenade and through the lower wall.
All wall penetrations have been provided with gate boxes and flap gates to prevent
debris and flood water from entering the storm drain system.

From the beginning of the project to the Hatt patio, the promenade has been sloped to
drain into inlets that are vented through the wall to the river. The Hatt patio has
surface drainage directed into drainage inlets that vent thorough the wall to the river.
These inlets have been provided with additional connections to accept drainage from
the rest of the Hatt patio. The landscaped area between the Hatt Suites and the flood
wall isdrained by areainlets that vent through the wall to the river.

Between 5™ and 3" Street the upper promenade has been sloped away from the upper
wall towards Main Street where storm water is collected in longitudinal trench
drains. Drainage between 5" and 4™ Street is collected by trench drains, conveyed in
RCP pipe to the existing 5" Street drainage system. Upper promenade drainage
between 4™ and 3" Streets is collected by trench drains and conveyed to the existing
storm drain systemin Main Street near 3 Street.

The lower promenade between 5" and 4™ Street is drained by longitudinal trench
drains at the base of the upper wall. The lower promenade platform at 4™ Street has
been graded to surface drain north and south. The southern drainage is directed into
the trench drain system, and the northern portion is directed down the promenade
grade to the crossing below the 3 Street Bridge.

Surface drainage below the 39 Street Bridge has been provided by longitudina
trench drains that are collected into an inlet structure near the centerline below 3
Street. This inlet has been provided with a removable decorative grate to facilitate
removal of flood debris. Thisinlet structure is vented through the lower wall into the
river.

At Veteran's Park the sidewalk along Main Street is graded to drain into the existing
Main Street storm drain system. The north and south ramps are graded to direct
surface drainage to the bandstand platform. The bandstand platform is graded to
drain into two decorative, grated inlets on either side of the center stairs. The
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bandstand platform inlets are vented through the lower flood wall via an 18" RCP.
The Veteran's Park terraces are graded to drain into numerous area drains that are
directed into the bandstand platform drainage inlets. At the request of the City of
Napa, this terrace and terrace wall drain system has been provided with clean-outs to
facilitate maintenance access.

The promenade between Veteran's Park and 1% Street is graded towards the park
bandstand platform. The platform above the 1% Street ramp/stairs is graded to the 1%
Street parking lot, where drainage is directed via curb and gutter to a subsurface
system through the lower wall to theriver.

6.1.2 Water Supply

Water supply for the project is provided at four locations. Irrigation water supply for
planting from the beginning of the project to 5" Street will be provided by the Owner
of the Hatt building and utilizes an existing supply system.

Water supply for irrigation between 5™ and 3™ Street will be provided from a new
supply developed from a City of Napa Water main that terminates at the end of 5"
Street. This 1-1/2” supply is provided with an irrigation meter and reduced pressure
backflow prevention device meeting City of Napa Water Division Standards.

Water supply for Veterans Park and the landscaping needs to 1% Street will be
provided via a new water supply at 3% and Main tapped from the City of Napa water
main within Main Street. This 1-1/2" water supply will provide both potable and
non-potable supply for the project north of the 3 Street Bridge. The water meter is
relocated from its pre-project location in the Main Street sdewalk.

The existing water supply tap for Veteran’s Park will be utilized as the required fire
service supply and is piped to the bandstand location.

6.1.3 Sanitary Sewer

A single 4” sanitary sewer connection is required to service the drinking fountain
located in the northwest corner of Veteran's Park. The sewer service will be
connected to the existing City of Napa collection system near the intersection of
Main and 2™ Street.

6.1.4 Electrical Power Supply

Two electrical service sources are required for this project. Electrical power for the
project south of the 39 Street Bridge will be supplied from a shared transformer (with
Channel Properties) located at the end of 5" Street. The electrical power for the
project north of the 39 Street Bridge will be supplied from a new transformer to be
located in Veterans Park. The location of this service will be determined after
Application for Electric Service is completed by the City of Napa.

10
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7.0 Project Construction Staging and Phasing

7.1.1 Construction Staging

The Owner of the Hatt building and the Hatt Suites requested that construction be
staged so that simultaneous construction will not occur below the Hatt Building and
the Hatt Suites. Contract documents require that wall from the beginning of the
project to approximate Station 2+50 not be constructed at the same time as the wall
from Station 2+50 to 5 Street, thereby complying with the Hatt building Owner’s
request.

To accommodate the Napa County Flood Protection District and the Channel
Development project, the walls between 5" and 3 Street are required to be
completed prior to May of 2006. The contract documents require that this area be
completed prior to the above date.

7.1.2 Construction Phasing

To accommodate the construction of the Channel Development properties between
5™ and 3" Streets, the design team has made provision to defer the construction of
the upper promenade and the trench drains until after completion of the Channel
Development project. This deferral allows the Channel Development to complete
their construction and not damage flood control project improvements and provide
them with construction staging areas. The access stairs and ramps, the lighting and
trees and the underground utilities will be installed as part of the flood control
project.

8.0 Storm Water Pollution Prevention

Standard Best Management Practices (BMP's) have been included in the contract
documents for construction storm water treatment. BMP's include inlet protection,
temporary erosion control planting, stabilized construction entrances and concrete
wash down aress.

To protect the water quality of the Napa River, the project requires that a continuous
Turbidity Curtain be placed in the water for the length of the project. The Contractor
is given direction concerning material, installation, repair, maintenance and removal
of the Turbidity Curtain.

Permanent storm water quality is protected by the paving, landscaping and drainage
systems that will be part of the constructed improvements. These temporary and
permanent measures guarantee compliance with the requirements of the project
Environmental Document aswell aslocal, state and federal regulations.

11
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Napa River / Napa Creek Flood Protection Project, Structural Design Calculations for 100% Submittal (March 2005)

Project Napa River Flood Control Project

Subject . L.
MGEENGINEERING, INC. Design Criteria Summary

By David An Date

Mar-05

DESIGN CRITERIA SUMMARY

Analyses and design of flood wall reinforced concrete structures are based on "Final Supplemental General Design
Memorandum" dated October 1998, using the following parameters:

Materials:
Concrete: f'c = 4,000 psi
n=8
Reinforcement: Fy = 60,000 psi
Loading:

"DEPARTMENT OF THE ARMY, Sacramento District, Corps of Engineers"

"Soldier Pile and Sheet Pile Wall Load Conditions & Load Diagrams"

H-15: AASHTO

D-4 Dozer: V =25 k/ft

Live Load Considerations:

Wall #1: Type A: No Vehicles Considered Due to Access

Type B: D-4 Dozer Only
Type C: D-4 Dozer Only

Wall #2: H-15 OR D-4 Dozer

Wall #3: H-15 OR D-4 Dozer

Wall #4: D-4 Dozer Only

Wall #5: D-4 Dozer Only

Wall #6: No Vehicles Considered Due to Access
Ramp/Access Walls: No Vehicles Considered Due to Access
Veterans Park Walls: No Vehicles Considered Due to Access

Backfill Materials Properties

Backfill Unit Weight = 125 pcf
o= 37 degree
C= 0 pcf
SMF= Tan(®y) / Tan® = 2/3 = 0.67
Oy = 27 degree
Ka = Tan? (45°- ®/2) = 0.25
Ko = Tan? (45°- ®y/2) = 0.38
Kp = Tan? (45° + ®/2) = 4.02
Water Property
Water Unit Weight = 62.5 pcf
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Napa River / Napa Creek Flood Protection Project, Structural Design Calculations for 100% Submittal (March 2005)

Project ; ;
rojee Napa River Flood Control Project
Subject . s
MGEENGINEERING, INC. Design Criteria Summary
B . Dat
y David An ate Mar-05
Soil Profile (from US Army Corps of Engineers)
1. Station 0+00 to 2+00
. . . . Shear .
Soil Type
Elevation Depth Thickness il Typ Unit Wt Strength Phi
-8 ist =
25' 25 Dense Sand & Gravel Moist = 115 pet Saf 38
-33 =120 pct
: . . Moist = 128 pct Saff
-58 50 25 Stiff, Slightly O.C. Clay - 136 pot ¢ = 1200 psf
-68 60 10 Dense Sand & Gravel Moist = 115 pct Saf 38
=120 pct
, . . Moist = 128 pct Saff
-74 66 6 Stiff, Slightly O.C. Clay - 136 pot ¢ = 1200 psf
2. Station 2+00 to 4+75
. . Drained
Elevation Depth Thickness Soil Type Unit Wt Undrained | Drained Shea Shear S
Shear R Strength
Strength
15 , Moist = 115 pct Saff ¢ =1400 psf | ¢ =250 psf | ¢ =0 psf
2 1 11 Sand Clay = 120 pet Phi =0 Phi=15 | Phi=32
’ , Moist = 112 pct Sa ¢ =500 psf | c =500 psf ¢ =0 psf
2 o 6 Fat Clay, GWT 13 = 120 pet Phi = 10 Phi=10 | Phi=27
, Moist = 115 pct Saf ¢ = 1200 psf | ¢ =250 psf ¢ =0 psf
6 21 4 Sand Clay = 120 pct Phi=0 Phi=15 | Phi=32
, Moist = 128 pct Saf ¢ = 0 psf Phi|c =0 psf Phi| c=0 psf
-26 41 20 Clayey Sand & Gravel - 136 pet ~ 39 ~ 39 Phi = 39
-38 53' 12 Fat Clay See Above See Above See Above | See Above
-50 65' 12 Clayey Sand & Gravel See Above See Above See Above | See Above
, Moist = 115 pct Saf ¢ = 1200 psf | ¢ =250 psf ¢ =0 psf
-56 n 6 Lean Clay = 120 pct Phi=0 Phi=15 | Phi=32
3. Station 4+75 to 9+30
. . Drained
Elevation Depth Thickness Soil Type Unit Wt Undrained | Drained Shea Shear S
Shear R Strength
Strength
16 ’ , Moist = 121 pct Saff ¢ = 1400 psf | ¢ =220 psf | ¢ =0 psf
) 20 20 Sand Clay, GWT 14 = 124 pet Phi =0 Phi=18 | Phi=32
’ Moist = 128 pct Saf ¢ = 0 psf Phi|c =0 psf Phi| c=0 psf
-34 50 30 Clayey Sand & Gravel - 136 pet — 38 — 38 Phi = 38
, Moist = 115 pct Saf ¢ = 1200 psf | ¢ =250 psf ¢ =0 psf
46 62 12 Sand Clay = 120 pct Phi=0 Phi=15 | Phi=32
-59 75' 13 Clayey Sand & Gravel See Above See Above See Above | See Above
: Moist = 115 pct Saf ¢ = 1200 psf | ¢ =500 psf ¢ =0 psf
-64 80 5 Lean Clay = 120 pct Phi=0 Phi=15 | Phi=28
4. Station 9+30 to U/S End of Wall
. . Drained
Elevation Depth Thickness Soil Type Unit Wt Undrained | Drained Shea Shear S
Shear R Strength
Strength
17 ’ ) Moist = 119 pct Saf ¢ =800 psf | ¢=100psf | c=0 psf
e 22 22 Sand Clay, GWT 20 =123 pet Phi =0 Phi=15 | Phi=30
, Moist = 128 pct Saf ¢ = 0 psf Phi|c =0 psf Phi| c=0 psf
-13 8 8 Clayey Sand & Gravel - 136 pet - 35 - 35 Phi = 35
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Napa River / Napa Creek Flood Protection Project, Structural Design Calculations for 100% Submittal (March 2005)

Project Napa River Flood Control Project
Subject . s
MGEENGINEERING, INC. Design Criteria Summary
By David An Date Mar-05
: Moist = 121 pct Sa ¢ =600 psf | c =500 psf ¢ =0 psf
32 19 19 Fat Clay = 125 pet Phi =0 Phi=10 | Phi=27
, Moist = 122 pct Saff ¢ = 1200 psf | ¢ =500 psf ¢ =0 psf
49 o o Lean Clay = 125 pct Phi =0 Phi=10 | Phi=28
, c=0psf Philc=0psf Phi| c=0 psf
-58 9 9 Clayey Sand & Gravel See Above - 38 - 38 Phi = 38
-63 5' 5 Fat Clay See Above See Above See Above | See Above

Design and Analysis Description
Wall #1 includes Types A, B, C, and D. For each type wall in Wall #1 (except Type D which is the extension
existing walls), a critical section is selected with a station identified to perform the analyses and design. The
results are then applied to that type of walls.

The design and analyses for Upper Walls #2 through #6 and Ramp Walls are performed based on different
design height. Results are summarized in the table. For Vertans Park (VP) walls 1 to 3, a critical section is
selected for analysis and design and results are then applied to whole length of that wall. For VP wall No. 4, a
minimum reinforcement is provided due to small wall height.

Pile capacities are calculated using Xsection software. Pile deflections and structure-soil interaction were

analyzed by LPile software. Flood scouring is ignored.

p-y curves were generated in Lpile program by following soil types:

Lpile Input Data (from Lpile "user's manual'-table 3.2 thru table 3.4

Soil Profiles Lpile Soil Types| ) undra.ined friction
Eff. Unit Wt. cohesion, ¢ p-y modulus,k| angle
pci psi pci soil strain e50| (degree)
1. Station 0+00 to 2+200
Dense Sand & Gravel Sand(Reese) 0.03 125 38
Stiff, Slightly O.C. Clay Stiff Clay 0.04 8.33 500 0.005
2. Station 2+00 to 4+75
Sand Clay Stiff Clay 0.03 9.72 500 0.005
Fat Clay Soft Clay 0.03 3.47 0.02
Clayey Sand & Gravel Sand(Reese) 0.04 60 39
Lean Clay Stiff Clay 0.03 8.33 500 0.005
3. Station 4+75 to 9+30
Sand Clay Stiff Clay 0.04 9.72 500 0.005
Clayey Sand & Gravel Sand(Reese) 0.04 60 38
Sand Clay Stiff Clay 0.03 8.33 500 0.005
Lean Clay Stiff Clay 0.03 8.33 500 0.005
4. Station 9+30 to End of Wall
Sand Clay Soft Clay 0.04 5.56 0.02
Clayey Sand & Gravel Sand(Reese) 0.04 60 35
Fat Clay Soft Clay 0.04 4.17 0.02
Lean Clay Stiff Clay 0.04 8.33 500 0.005

For details of p-y curves, please see "Lpile analyses-Lpile output files" from the page 190
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Project : :
rojee Napa River Flood Ccontrol Project
Subject .
M G E ENGINEERING, INC. Flood Wall Desigh Summary
B - Dat
y David An ate Mar-05
Summary of Flood Wall (Wall #1)
. . . . Pile Main Spiral Section
Wall Stat Pile Stat . .
all Station Type ile Station No. of Piles Rebar Required Computed
Begin 0+00.00 A Begin 0+04.00 32 x 3-24" CIDH 1246 #4@6" 1+88.00
End 2+56.00 End 2+52.00
, ‘ : ‘ 2+61.00
Begin 2+56.00 B Begin 2+61.00 18 x 1-36" CIDH 18#11 #5@5"
End 4+67.79 End 4+59.00 3+15.00
Begin 4+67.79 c Begin 4+71.00 47 x 1-24" CIDH 14#10 #5@5" 4+83.00
End 10+26.92 End 10+23.00
Begin 10+26.92 D Existing Wall
End 11+11.70
Begin 11+16.92 c Begin 11+25.00 44 x 1-24" CIDH 14#10 #5@5" 4+83.00
End 16+40.12 End 14+01.00
Upper Walls (#2 to #6) and Ramp Walls Dimensions and Reinforcing Steel
Max. Design H Upper Walls (#2 to #6) Ramp Walls
(ft) 6.00 8.00 10.00 12.00 14.00 3.50 5.50 7.50
W (ft) 5.25 7.50 9.50 11.00 12.50 4.00 5.50 7.50
W1(ft) 2.00 2.75 3.50 4.75 5.00 1.50 2.25 3.25
W2 (ft) 2.00 3.00 4.00 3.75 4.50 1.50 2.25 3.25
W3 (ft) 1.25 1.75 2.00 2.50 3.00 1.00 1.00 1.00
B (ft) 1.30 1.43 1.57 1.70 1.83 1.00 1.00 1.00
Bk (ft) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
F (ft) 1.50 1.50 1.50 1.50 1.50 1.25 1.25 1.25
a bars #5@12" #o@12" #6@9" #H1@9" #3@9" #HA@12" #5@12" #H1@12"
b bars #A@12" #A@12" #5@12" #1@12" #7@10" #A@12" #A@12" #5@12"
¢ bars #A@12" #5@12" #5@12" #Ho@12" #6@10" #HA@12" #HAa@12" #5@12"
Max toe
1.67 1.80 1.84 1.73 1.99 1.34 1.41 1.32
pressure (ksf)
Pile Summary (From Lpile Runs Under Max. Loads)
Force at Top of Pile i i
Flood Wall Pile Type p Max Bending Bending Cap. D/C Notes
(Wall#1)Type V (Kips) M (k-ft) P (kips) Moment (k-ft) (k-ft)
Ftg-Pilesb
A 3 rows 42 0 88 138 310 0.44
24"CIDH
. Single row
B (9ft spacing) | ooy 87 631 50 942 2,045 0.46
C (From 4+75 Single row
10 9+30) 4" CIDH 52 265 27 432 810 0.53
C (From 9+30 Single row
to End) 24" CIDH 52 265 27 562 810 0.69
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Lower Pro menade

#4 @ 12"

Design
H+
NS
®
-
N

Project Napa River Flood Ccontrol Project
Subject .
MGEENGINEERING, INC. Flood Wall Design Summary
By David An Date Mar-05
Upper Wall and Ramp Wall Typical Section
A
Upper Promenade 147 Typ.

#4 @12"

a bars

¢ bars
2" clear
7S / .
—y 5 #4 @12
[ A
F
,27 P - - - - d A4
A
3" clear b bars #4 R 1
Bk
W1 | W2 W3
< > " >
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Project Napa River Flood Control Project

Subject .
MGEENGINEERING, INC. Wall #1 Design

By David An

Date

Feb-05

WALL #1 DESIGN

Page 6 of 234
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M G E ENGINEERING, INC.

Project Napa River Flood Control Project
Subject Flood Wall Design (Wall #1, Type A)
By David An pate Mar-05

Backfill Properties

Water Property

Pile and Wall Data

WALL #1, TYPE A

Backfill Thickness = (17.00") - (-7.00") = 24.00 ft
Backfill Unit Weight = 125 pcf
o= 37 degree
C= 0 pcf
SMF= Tan(®y) / Tan® = 2/3 = 0.67
&y = 27 degree
Ka = Tan? (45°- ®/2) = 0.25
Ko = Tan’ (45°- ®©4/2) = 0.38
Kp = Tan? (45° + ®/2) = 4.02
Water Unit Weight = 62.5 pcf
Station = 1+88
Finish Grade Elevation(behind) = 17.00 ft
Finish Grade Elevation(front) = -4.00 ft
Top of Footing Elevation = -7.00 ft
Pile Spacing = 8.00 ft
Pile Diameter = 2.00 ft
100 Year Flood Level = 15.27 ft
Water Elevation (Mean higher) = 3.76 ft
Water Elevation (Mean lower) = -2.84 ft
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Napa River / Napa Creek Flood Protection Project, Structural Design Calculations for 100% Submittal (March 2005)

M G E ENGINEERING, INC.

Project Napa River Flood Control Project
Subject Flood Wall Design (Wall #1, Type A)
By Date

David An

Mar-05

gw2a

Load Case 1 -- Short Term (Undrained) In Service Condition (Station 1+88)

Water Elev. -1.00'

A\V4

2" Vp.4(from back face of wall)

D-4 Dozer (Construction Equipment)

/Q \Pem
125
gem 37
gesub

\)
/\I_

Backfill Soil Pressure at Wall (Soil pressure =y Ki hi)

Name Thickness(ft) | Pressure(ksf)
gem 18.00 0.856
gesub 6.00 0.999
gqwla=gqw2a 6.00 0.375

Backfill Resultant Forces Summary

gwla

Note: Passive soil resistance were ignored.

Elev. +17.00'
PD-4

Backfill

Elev. -4.00'
Elev. -7.00'

gem - Moist soil pressure at rest wall
gesub - Submerged soil pressure at rest wall
qw - Water pressure

Name Force (kips) Mom Arm(ft) Moments(k-ft)
Pem 61.6 12.00 740
Pesub 445 2.92 130
Pwla 9.0 2.00 18
Pd-4 0.0 0
Pw2a -9.0 2.00 -18
At bot of wall 106.1 Safety Factor 869.8
vV 1.1 =M
D-4 Dozer Loading Summary
b z APp, Moment
0.0 0.00 0.000 0.000 h= 24.00 ft
0.1 2.40 0.000 0.000 a=2'/24.00= 0.08 <0.4
0.2 4.80 0.000 0.000 Vg = 0 kips/ft
0.3 7.20 0.000 0.000 APy = (Vp.4 /h) [(0.203b)/(0.16+b"2)"2]
0.4 9.60 0.000 0.000 (EM 1110-2-2502 Page 3-49)
0.5 12.00 0.000 0.000
0.6 14.40 0.000 0.000
0.7 16.80 0.000 0.000
0.8 19.20 0.000 0.000
0.9 21.60 0.000 0.000
1.0 24.00 0.000 0.000
2 0.000 0.000
Demand at Top of Pile: Vd =117 kips Md =957 k-ft
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M G E ENGINEERING, INC.

Project Napa River Flood Control Project
Subject Flood Wall Design (Wall #1, Type A)
By Date

David An Mar-05

gw2a

Load Case 2 -- Long Term (Drained) In Service Condition (Station 1+88)

V et (from back face of wall)  Vgigut
H-15 truck load USE V= 0 kips
2ft 6ft H-15 truck
Elev. +17.00'
/Q\Pem 125 Pes
37
gem Backfill
Water Elev. -4.00' gesub

\V4 Elev. -4.00'
W\“ PN Elev. -7.00'

Backfill Soil Pressure at Wall (Soil pressure =y Ki hi)

Name Thickness(ft) | Pressure(ksf)
gem 21.00 0.999
gesub 3.00 1.070
qwla=qw2a 3.00 0.188

Backfill Resultant Forces Summary

gwla

Note: Passive soil resistance were ignored.

gem - Moist soil pressure at rest wall
gesub - Submerged soil pressure at rest wall
qw - Water pressure

Name Force Arm to bot. Moments

Pem 83.9 10.00 839

Pesub 24.8 1.48 37

Pwla 2.3 1.00

Ph-15 0.0

Pw2a -2.3 1.00 -2

At bot of wall 108.7 Safety Factor 875.8
TV 1.3 M
H-15 Truck Loading Summary (Left) H-15 Truck Loading Summary (Right)
b (for Vi ger) z APpy eFT) Moment b (for Vrignr) z APpy rigHT) Moment
0.1 2.40 0.000 0.000 0.1 2.40 0.000 0.000
0.2 4.80 0.000 0.000 0.2 4.80 0.000 0.000
0.3 7.20 0.000 0.000 0.3 7.20 0.000 0.000
0.4 9.60 0.000 0.000 0.4 9.60 0.000 0.000
0.5 12.00 0.000 0.000 0.5 12.00 0.000 0.000
0.6 14.40 0.000 0.000 0.6 14.40 0.000 0.000
0.7 16.80 0.000 0.000 0.7 16.80 0.000 0.000
0.8 19.20 0.000 0.000 0.8 19.20 0.000 0.000
0.9 21.60 0.000 0.000 0.9 21.60 0.000 0.000
1.0 24.00 0.000 0.000 1.0 24.00 0.000 0.000
2 0.000 0.000 P 0.000 0.000
h= 24.00 ft a=2'/24.00' = 0.08 <0.4 For Viger
Demand at Top of Pile: Vd =141 kips Md = 1,139 k-ft

Page 9 of 234
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Project Napa River Flood Control Project
Subject .

M G E ENGINEERING, INC. Flood Wall Design (Wall #1, Type A)
By David An pate Mar-05

gw2a

Load Case 3 -- Long Term (Drained) In Service Condition With Flood (Station 1+88)

Water Elev. 15.27'

K

Backfill Soil Pressure at Wall (Soil pressure =y Ki hi)

T

Elev. +17.00'
/Q\Pem
gem Soil Layer 1 (Backfill)
gesub 125
37 Elev. -4.00'
A Elev. -7.00'

gwla

Note: Passive soil resistance were ignored.

gem - Moist soil pressure at rest wall

gesub - Submerged soil pressure at rest wall

qw - Water pressure

Name Thickness(ft) | Pressure(ksf)
gem 21.00 0.999
gesub 3.00 1.070
gwla 3.00 0.188
gw2a 22.27 1.392

Backfill Resultant Forces Summary

Name Force (kips) Mom Arm(ft) Moments(k-ft)
Pem 83.9 10.00 839
Pesub 24.8 1.48 37
Pwla 2.3 1.00 2
Pw2a -123.9 7.42 -920
At bot of wall -13.0 Safety Factor -41.8
TV 1.1 M
Demand at Top of Pile: Vd =-14 kips Md = -46 k-ft
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M G E ENGINEERING, INC.

Project Napa River Flood Control Project
Subject Flood Wall Design (Wall #1, Type A)
By Date

David An Mar-05

gw2a

Load Case 4 -- Long Term (Drained) In Service Condition With Earthqugke (Station 1+88)

geq-p
- Elev. +17.00'
A Pem qeq
gem / Soil Layer 1 (Backfill)
Water EI% -1.00' gesub } 125
= / 37 Elev. -4.00'
4\ Elev. -7.00

Backfill Soil Pressure at Wall (Soil pressure =y Ki hi)

Name Thickness(ft) | Pressure(ksf)
gem 18.00 0.856
gesub 3.00 0.927
gwla 3.00 0.188
gw2a 3.00 0.188
geq 24.00 0.344

o =tan™[(C,+V(C,%+4C,))/2]

(Equation 3-56 of EM 1110-2-2502, Page 3-67)

C, =2 (tan®-K;) / (1+K;, tan®d)

(Equation 3-57 of EM 1110-2-2502, Page 3-67)

C, = [tan®(1-tan® tarp)-(tanB-Ky)] / tanP(1+K, tand)]
(Equation 3-58 of EM 1110-2-2502, Page 3-67)

gwla

Note: Passive soil resistance were ignored.
gem - Moist soil pressure at rest wall
gesub - Submerged soil pressure at rest wall

qw - Water pressure

geq - Seismic components

Ky, = 0.15 g
B= 0
o= 30 degree
Ci= 0.787
Cy= 0.681
o= 52.6 degree

Dynamic Components geq =y K,h* / [2(tana-tang)]

(Equation 3-62 of EM 1110-2-2502, Page 3-68)

Backfill Resultant Forces Summary

Name Force Arm to bot. Moments
Pem 61.6 9.00 555
Pesub 21.4 1.48 32
Pwla 2.3 1.00 2
Peq 33.0 16.00 529
Pw2a -2.3 1.00 -2
At bot of wall 116.1 Safety Factor 1115.3
VvV 1.1 =M
Demand at Top of Pile: Vd =128 kips Md = 1,227 k-ft
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Napa River / Napa Creek Flood Protection Project, Structural Design Calculations for 100% Submittal (March 2005)

M G E ENGINEERING, INC.

Project Napa River Flood Control Project
Subject Flood Wall Design (Wall #1, Type A)
By David An pate Mar-05

Design Wall Section and Pile Footings (Station 1+88)

1. Loads
Load Case 1 2 3 4
Forces w/o Shear (k) 106.1 108.7 -13.0 0.3
Safety Factor | Moments(kft) 869.8 875.8 -41.8 9.8
Safety Factor 1.1 1.3 1.1 125
Forces w/ Shear (k) 116.8 141.3 -14.3 37.0
Safety Factor | Moments(kft) 956.8 1138.6 -46.0 1226.9
Demand at top of Footing:
Vd= 141 kips
Md= 1227 kit
Pd=[Lx(Bt+Bb)/2xh)x0.15= 52 kips
Where
Wall thickness @ Top Bt = 1.00 ft
Wall thickness @ Bottom (1:15 batter) Bb = 2.60 ft
Front of Wall to Center of Footing (6'-9") = 6.75 ft
Wall Height h = 24.00 ft
Pile Spacing L = 8.00 ft
— N
Pd
Md
— !C' vd
A
3.0
v
N §x2 L2
’l I =T
Y !
r\/ \ /\/ \\
10 T
ﬁF V\/ ) /\: )
6'-9" !
A
A N /
3-3" L ;
v
L
Plan View

16'
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Project Napa River Flood Control Project

Subject .
M G E ENGINEERING, INC. Flood Wall Design (Wall #1, Type

A)

Date

By David An Mar-05

2. Reinforced Concrete Wall Design (for Unit Width of 1)

Flexure reinforcement requirement (bending about horizontal axis at bottom of wall)
Mu < ®Mn

Mu =Hfx 1.7 x Md / L = (1.30) (1.7) (153 k-ft/ft) = 339 k-ft/ft
Hf = Hydraulic factor 1.30
EM-1110-2-2104---P3-2, Equation3.3

Md /L = (1227 k-ft) / (8.00 ft) 153 k-ft/ft

= 0.90
d=2.60x12-2.5"-1.13"2 = 28.1in
b= 12 in
fc= 4 ksi
fy = 60 ksi

Reinforcement Requirement

Mu < ®Mn =® As x fy (d - a/2), where a=As x fy / (0.85 x f'c x b)

Therefore,

Mus®dMn = d Asxfy[d- As x fy /(2 x 0.85 x f'c x b)]
=®Asxfyxd-dAs"2xfy"2/(2x0.85xfcxb)
= (Pfyxd)As-[®fy*2/(2x0.85x fc x b)] As"2

[®fy*2/(2x0.85xfcxb)] As”2 - (P fyxd)As+Mu=0

{(0.90)(60 ksi)*2 / [2x0.85x(4 ksi)(12")]} As"2 - (0.90)(60 ksi)[(28.1") As + (339 k-ft/ft)(12 in/ft) = O

39.71 As"2 -1519.43 As +4067.08=0 A= 39.71

B= -1519.43
C= 4067.08

Solve for As,

Required reinforcement As = 2.90 in?

Try 2#8 bundle bars, 2 bundles, As =0.79irf x 2x 2 = 3.16 in’

Note that in each 2#8 bundle bars, only one extend to the top of wall.
a =Asfy / (0.85f'c*b) 4.65 in
®Mn = Asfy(d - a/2) 367 kft/ft
D/C =Mu/®Mn =339/ 367 = 0.92 OK

Use 2#8 bundle bars @6" Spacing

Check Shear
Vu=Hfx1.7x(vd/L)= 39.0 kips/ft
®dVn = O(Vc+Vs) 60.2 kips
where
Vec=2x\fcxbxd 42.7 kips
Vs=Asfyd/s 28.1 kips
use #4 @12" as shear reinforcement @ bottom of wall stem
Where ® = 0.85

D/C =Vu/ ®Vn 0.65 OK

Pile reinforcement development length, Id

Id = max{ ACI.R12..2, ACI.R12.2.3} 47.4 in

ACIR12.2.2 Id = [ fy xaBM(20Vfc) ]db = 47.4 in

ACIR12.2.3 Id = {3/40 x fyNfc x aByM[(c+Ktr)/db]} = 28.5in

where a = reinforcement location factor 1.0
3 = coating factor 1.0
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Napa River / Napa Creek Flood Protection Project, Structural Design Calculations for 100% Submittal (March 2005)

Allowllable Pile Loading (without load test)

Compression =
Tension =

Project Napa River Flood Control Project
MGEENGINEERING, INC. Subject Flood Wall Design (Wall #1, Type A)
By David An Date Mar-05
y = reinforcement size factor 1.0
A = lightweight aggregate concrete factor 1.0
¢ = cover 3.00 in
(clear cover c > db)
Ktr = Atr x fyt / (1500sn) = 0.592
where Atr = 0.79 in"2
fyt = fy 60.0 ksi
s = rebar spacing 5.3 in
(clear s > 2db)
n = number of bars 10.0
db = nominal diameter of bar 1.00 in
(c+Ktr)/db = 3.592
use (c+Ktr)/db = 25
3. Footing & Piles
Loads at Bottom of Footing
Mdmax= Md - Pd x ¢ - Z(Wsoil x Arms) + Vd*D/2 392 k-ft
Vdmax = vd 109 kips
Pdmax= Pd +Wfooting + Wsoil 191 kips
Where
Md = (Maximum of All Load Cases without Embedment Safety Factor 876 Kk-ft
Vd = (Same as Md) 109 kips
Pd = 51.9 kips
¢ = From Center of Wall to Center of Footing 8.05 ft
D = Depth of Footing 3.00 ft
Wfooting =16 x D x L x 0.15 57.6 kips
Wsoil-1 (resisting side, RSP, Rec.) = 3' x (20/2+6.75") x L x 0.12 48 kips
Moment Arm for Wsoil-1 = 20'/2 - (20'/2+6.75")/2 1.6 ft
Wsoil-2 (driving, Rec.) = (20'/2-6.75'-2.60") x (24.00) x L x 0.12 15 kips
Moment Arm for Wsoil-3 = (20'/2-6.75-2.60")/2 - 20'/2 -9.7 ft
Wsoil-3 (driving, Tri.) = (2.60'-1.00") x (24.00") x L / 2 x 0.12 18 kips
Moment Arm for Wsoil-3 = - (2.60-1.00") *2/ 3 - 1.00' - 6.75' -8.8 ft
Pile Force
lpies = 872*2 = (3 Rows 8ft x 2) 128 2
Pile reaction
Tension Rt=Pdmax/2-Mdmax*di / Ipiles = 39.2 kips
Compression Rc=Pdmax/2+Mdmax*di / Ipiles = 88.2 kips
Laterial Force Vpile = (Vd-Rsp)/2 (2 pile take lateral force) 41.9 kips
where
Laterial resistance of ftgs @ Top of ftg Ope = Kp xy'x hl 0.69 ksf
Where y' = 120-62.5 57.50 pcf
hl= 3.00 ft
@ Top of ftg Opb = Kp xy' x h1 1.39 ksf
Where y' = 120-62.5 57.50 pcf
h2 = 6.00 ft
Rsp = (Qprt0pn)/2 X 2.5 X L 24.98 kips

105.00 kips, OK
69.00 kips, OK
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Napa River / Napa Creek Flood Protection Project, Structural Design Calculations for 100% Submittal (March 2005)

Project Napa River Flood Control Project
MGEENGINEERING, INC. Subject Flood Wall Design (Wall #1, Type A)
By David An Date Mar-05
Force at the Face of Wall
Muyin= Hf x 1.7 x [Rt*3/12+(Pdf*2.25/10*2.25/2+Pds-inside*2.25/2)] = (include soil and footin¢ 99.7 k-ft
Vuwn = Hf x 1.7 x[Rt+(Pdf*2.25/10+pds-inside)] = (include soil and footinc 156.0 kips
Mupax= Hf x 1.7 x [Rc*5.75-(0.12*3+0.15*2.5)*5.75"2/2] = (include soil and footin¢ 1094.3 k-ft
Vupyax = Hf X 1.7 x [Rc - (0.12*3+0.15*2.5)*5.75] = (include soil and footin¢ 185.6 kips
where U =Hfx 1.7 x (D+L)
Hf = Hydraulic factor 1.30
EM-1110-2-2104---P3-2, Equation3.3
Required flexure reinforcement at footing (@8ft space)
for Mumax As = Mumax/[fy(d-a/2)] 10.95 in’
where® = 0.90
fy = 60 ksi
d =2.5*12-6 24 in
a=0.15d (assumed) 4 in
fic = 4 ksi
b=L Width of footing 8.00 ft
Use #9@8", As =1.0x 8x 12/8 12.00 in®
Check a=As*fy/(0.85*fc"*b)= 2.2 in
®Mn = Asfy(d - a/2) 1236.4 kft/ft
D/C = Mumax/Mn 0.89 OK
Shear Check
dVn = (Ve + Vs) kips
dVc=dx2xVfcxbxd 291.4 kips
where ® = 0.85
D/C = Vumax / ®Vc 0.64 OK
for Mumin As = Mumin/[®fy(d-a/2)] 0.89 in’
where ®©= 0.90
fy = 60 Ksi
d =2.5*12-3 27 in
a=0.15d (assumed) 4 in
fic= 4 ksi
b=L Width of footing 8.00 ft
Use #6@12", As = 0.44 x 8 3.52 in?
Check a=As*fy/(0.85*fc"*b)= 0.6 in
dMn = Asfy(d - a/2) 422.6 kft/ft
D/C = Mumin/®Mn 0.24 OK
Shear Check
D/C = Vumin / ®Vc 0.54 OK
4. Piles
Use 24" CIDH Piles at spacing 8' (3 rows)
Required rebars for compression piles
from BDS equation 8-31
Ast = [(Rc/ #-0.85f'cAg)/(fy-0.85f'c)]/0.8 -31.4 in®
where d= 0.75
Ag = nD%/4 452 .4 in
(0.8--for zero eccentricity)
rebar no needed OK
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Napa River / Napa Creek Flood Protection Project, Structural Design Calculations for 100% Submittal (March 2005)

Project Napa River Flood Control Project
MGEENGINEERING, INC. Subject Flood Wall Design (Wall #1, Type A)
By David An Date Mar-05
Required rebars for tension piles
As =Rt/ (® x fy)/0.8 0.91 in®
where ®= 0.90
(0.8--for zero eccentricity)
Try 12#6, As = 0.44 x 12 5.28 in’
Check Rtn = 0.8 x® x As x fy 228 kips
D/C =Rt/Rtn 0.17 OK
Rebar Ratio = (5.28 in"2) / (452.39 in"2) = 1.17%
Use 12#6 for Pile Longitudinal Reinforcement
Required Pile Shear Reinforcement
Shear demand at pile section, Vdp =Vd /2 70.7 kips
Shear capacity of concrete
d Ve =d2xVfcx Ae 41.3 kips
¢ = 0.85
Ae = 0.85Ag (assumed) 384.5 in"2
Required shear capacity of steel
® Vs 2 Vsd dVn = d(Vet+Vs) = & x 2 x\fc x A
where
Vsd =Vdp - ® Vc 29.3 kips
Vs=mn/2Avfyd/s
Try #4 Spiral, Av = 0.2 in"2
d=24-3 21 in
s<®n/2Avfyd/Vsd 11.5in
Use #4 Spiral with Spacing s=6" OK
Pile reinforcement development length, Id
Id = max{ ACI.R12..2, ACI.R12.2.3} 35.6 in
ACIR12.2.2 Id = [ fy xaBM(20Vfc) ]db = 35.6 in
ACI R12.2.3 Id = {3/40 x fyNfc x aByM[(c+Ktr)/db]} = 28.5 in
where a = reinforcement location factor 1.0
8 = coating factor 1.0
y = reinforcement size factor 1.0
A = lightweight aggregate concrete factor 1.0
c = cover 2.69 in
(clear cover c > db)
Ktr = Atr x fyt / (1500sn) = 0.592
where Atr = 0.79 in"2
fyt = fy 60.0 ksi
s = rebar spacing 5.3 1n
(clear s > 2db)
n = number of bars 10.0
db = nominal diameter of bar 0.75 in
(c+Ktr)/db = 4.376
use (c+Ktr)/db = 25
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Napa River / Napa Creek Flood Protection Project, Structural Design Calculations for 100% Submittal (March 2005)

Project Napa River Flood Control Project
MGEENGINEERING, INC. Subject Flood Wall Design (Wall #1, Type B)
BY David An Date Mar-05
WALL #1, TYPE B (Pile Spacing 9')
Backfill Properties
Backfill Thickness = (17.00") - (-2.31") = 19.31 ft
Backfill Unit Weight = 125 pcf
o= 37 degree
C= 0 pcf
SMF= Tan(®y) / Tan® = 2/3 = 0.67
&y = 27 degree
Ka = Tan? (45°- ®/2) = 0.25
Ko = Tan’ (45°- ®©4/2) = 0.38
Kp = Tan? (45° + ®/2) = 4.02
Water Property
Water Unit Weight = 62.5 pcf
Pile and Wall Data
Station = 2+61
Finish Grade Elevation(behind) = 17.00 ft
Finish Grade Elevation(front) = 1.00 ft
Top of CIDH Pile Elevation = -2.31 ft
Pile Spacing = 9.00 ft
Pile Diameter = 3.00 ft
100 Year Flood Level = 15.30 ft
Water Elevation (Mean higher) = 3.76 ft
Water Elevation (Mean lower) = -2.84 ft
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Project Napa River Flood Control Project
Subject .

M G E ENGINEERING, INC. Flood Wall Design (Wall #1, Type B)
By David An pate Mar-05

Load Case 1 -- Short Term (Undrained) In Service Condition (Station 2+61)

45" Vba  (from back face of wall)
ﬁ D-4 Dozer (Construction Equipment = 2.5 kips/ft)
Elev. +17.00'
/Q\Pem Pb4
Water Elev. 4.00' gem Backfill
gesub
g / Elev. 1.00'
2\ ZEAN \ Elev. -2.31"

gw2a gwla

Backfill Soil Pressure at Wall (Soil pressure =y Ki hi) Note: Passive soil resistance were ignored.

Name Thickness(ft) | Pressure(ksf)
gem 13.00 0.618 gem - Moist soil pressure at rest wall
gesub 6.31 0.768 gesub - Submerged soil pressure at rest wall
gqwla=gqw2a 6.31 0.394 qw - Water pressure

Backfill Resultant Forces Summary

Name Force (kips) Mom Arm(ft) Moments(k-ft)

Pem 36.2 10.64 385
Pesub 394 3.04 120
Pwla 11.2 2.10 24
Pd-4 12.3 141
Pw2a -11.2 2.10 -24

At bot of wall 87.9 Safety Factor 646.3
vV 1.1 =M

D-4 Dozer Loading Summary
b z APp, Moment

0.0 0.00 0.000 0.000

0.1 1.93 0.176 3.052

0.2 3.86 0.254 3.921

0.3 5.79 0.244 3.293

0.4 7.73 0.198 2.297

0.5 9.66 0.151 1.458

0.6 11.59 0.113 0.870

0.7 13.52 0.084 0.487

0.8 15.45 0.063 0.245

0.9 17.38 0.049 0.094

1.0 19.31 0.038 0.000

P 1.369 15.717

Demand at Top of Pile: Vd =97 kips Md =711 k-ft

h=

a=45/19.31'=

Vpa =

19.31 ft
0.23<04
2.5 kips/ft

APy, = (Voo 1h) [(0.2030)/(0.16+b72)2]
(EM 1110-2-2502 Page 3-49)
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Napa River / Napa Creek Flood Protection Project, Structural Design Calculations for 100% Submittal (March 2005)

M G E ENGINEERING, INC.

Project Napa River Flood Control Project
Subject Flood Wall Design (Wall #1, Type B)
By Date

David An

Mar-05

gw2a

Load Case 2 -- Long Term (Drained) In Service Condition (Station 2+61)

V et (from back face of wall)  Vgigut
H-15 truck load USE V=
4.5ft 6ft H-15 truck
/Q\Pem
gem
Water Elev. 1.00' gesub
\V4
= rea

Backfill Soil Pressure at Wall (Soil pressure =y Ki hi)

Name Thickness(ft) | Pressure(ksf)
gem 16.00 0.761
gesub 3.31 0.840
qwla=qw2a 3.31 0.207

Backfill Resultant Forces Summary

Demand at Top of Pile: Vd =102 kips

Md = 666 K-ft

gwla

0 kips

Elev. +17.00'

Pes

Backfill

Elev. 1.00'
Elev. -2.31'

Note: Passive soil resistance were ignored.

gem - Moist soil pressure at rest wall

gesub - Submerged soil pressure at rest wall

qw - Water pressure

Name Force Arm to bot. Moments
Pem 54.8 8.64 474
Pesub 23.8 1.63 39
Pwila 3.1 1.10
Ph-15 0.0 0
Pw2a -3.1 1.10 -3

At bot of wall 78.6 Safety Factor 512.5

TV 1.3 M
H-15 Truck Loading Summary (Left) H-15 Truck Loading Summary (Right)

b (for Vi ger) z APpy eFT) Moment b (for Vrignr) z APpy rigHT) Moment
0.1 1.93 0.000 0.000 0.1 1.93 0.000 0.000
0.2 3.86 0.000 0.000 0.2 3.86 0.000 0.000
0.3 5.79 0.000 0.000 0.3 5.79 0.000 0.000
0.4 7.73 0.000 0.000 0.4 7.73 0.000 0.000
0.5 9.66 0.000 0.000 0.5 9.66 0.000 0.000
0.6 11.59 0.000 0.000 0.6 11.59 0.000 0.000
0.7 13.52 0.000 0.000 0.7 13.52 0.000 0.000
0.8 15.45 0.000 0.000 0.8 15.45 0.000 0.000
0.9 17.38 0.000 0.000 0.9 17.38 0.000 0.000
1.0 19.31 0.000 0.000 1.0 19.31 0.000 0.000
z 0.000 0.000 z 0.000 0.000

h= 19.31 ft a=4.5/19.31' = 0.23<0.4 For Viger
APy, = (0.28V/H) [b°/ (0.16+b%)°] (EM 1110-2-2502 Page 3-49) a=10.5/19.31' = 0.54 > 0.4 For Vrigut
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Project Napa River Flood Control Project
Subject .

M G E ENGINEERING, INC. Flood Wall Design (Wall #1, Type B)
By David An pate Mar-05

gw2a

Load Case 3 -- Long Term (Drained) In Service Condition With Flood (Station 2+61)

Water Elev. 15.30'

K

Backfill Soil Pressure at Wall (Soil pressure =y Ki hi)

T

Elev. +17.00'
/Q\Pem
gem Soil Layer 1 (Backfill)
gesub
Elev. 1.00'
A Elev. -2.31'

Name Thickness(ft) | Pressure(ksf)
gem 16.00 0.761
gesub 3.31 0.840
gwla 3.31 0.207
gw2a 17.61 1.101

Backfill Resultant Forces Summary

gwla

Note: Passive soil resistance were ignored.

gem - Moist soil pressure at rest wall
gesub - Submerged soil pressure at rest wall
qw - Water pressure

Name Force (kips) Mom Arm(ft) Moments(k-ft)
Pem 54.8 8.64 474
Pesub 23.8 1.63 39
Pwla 3.1 1.10 3
Pw2a -87.3 5.87 -512
At bot of wall -5.6 Safety Factor 35
TV 1.1 M
Demand at Top of Pile: Vd =-6 kips Md =4 k-ft

Page 20 of 234




Napa River / Napa Creek Flood Protection Project, Structural Design Calculations for 100% Submittal (March 2005)

Project Napa River Flood Control Project
Subject .

M G E ENGINEERING, INC. Flood Wall Design (Wall #1, Type B)
By David An pate Mar-05

gw2a

Load Case 4 -- Long Term (Drained) In Service Condition With Earthqugke (Station 2+61)

geq-p
- Elev. +17.00'
A Pem qeq
gem Soil Layer 1 (Backfill)
Water EI% 4.00' gesub }
= / Elev. 1.00'
4\ Elev. -2.31"

Backfill Soil Pressure at Wall (Soil pressure =y Ki hi)

Name Thickness(ft) | Pressure(ksf)
gem 13.00 0.618
gesub 3.31 0.697
gwla 3.31 0.207
gw2a 3.31 0.207
geq 19.31 0.277

o =tan™[(C,+V(C,%+4C,))/2]

(Equation 3-56 of EM 1110-2-2502, Page 3-67)

C, =2 (tan®-K;) / (1+K;, tan®d)
(Equation 3-57 of EM 1110-2-2502, Page 3-67)

C, = [tan®(1-tan® tarp)-(tanB-Ky)] / tanP(1+K, tand)]
(Equation 3-58 of EM 1110-2-2502, Page 3-67)

Dynamic Components geq =y K,h* / [2(tana-tang)]

(Equation 3-62 of EM 1110-2-2502, Page 3-68)

Backfill Resultant Forces Summary

Name Force Arm to bot. Moments
Pem 36.2 7.64 277
Pesub 19.6 1.62 32
Pwla 3.1 1.10 3
Peq 24.1 12.88 310
Pw2a -3.1 1.10 -3
At bot of wall 79.8 Safety Factor 618.2
zV 1.1 =M

Demand at Top of Pile: Vd =88 kips

Md = 680 k-ft

gwla

Note: Passive soil resistance were ignored.
gem - Moist soil pressure at rest wall
gesub - Submerged soil pressure at rest wall

qw - Water pressure

geq - Seismic components

Ky, = 0.15 g
B= 0
o= 30 degree
Ci= 0.787
Cy= 0.681
o= 52.6 degree
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Project Napa River Flood Control Project
Subject .

M G E ENGINEERING, INC. Flood Wall Design (Wall #1, Type B)
By David An pate Mar-05

Design Wall Section and Pile Reinforcement (Station 2+61)

1. Loads
Load Case 1 2 3 4
Forces w/o Shear (k) 87.9 78.6 -5.6 79.8
Safety Factor | Moments(kft) 646.3 512.5 35 618.2
Safety Factor 11 1.3 11 11
Forces w/ Shear (k) 96.6 102.2 -6.1 87.8
Safety Factor | Moments(kft) 710.9 666.2 3.8 680.0

Demand at top of Pile: vd= 102 kips
Md= 711 k-ft
| 9.00 ft R

L

<

‘ [J [J ® L d
z z
‘_I [ ] [ ] ( ]
2. Reinforced Concrete Wall (unit width)
Flexure reinforcement requirement (bending about vertical axis)
w = 2Vd/(L*h)
v v v v v
I § ]
|\\ // | \\ ///i
NG - : ~ - .
! ~ -~ l >~ -~ I
| e S~ - A ~~ - e
L) S~ __ 7 L ~S~_____— T
! ! I
| | i
« - " L - i
i i i

Plan View
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Project Napa River Flood Control Project
MGEENGINEERING, INC. Subject Flood Wall Design (Wall #1, Type B)
By David An Date Mar-05
Mu < ®Mn
Mu=Hfx1.7x 0.1 xwxF (used 3 equal span continuous beam) 5.7 k-ft/ft
where
w = Vd/(L"*h) 1.10 kip/ft
L'=L-25/12x 2 4.8 ft
h= 19.3 ft
Hf = Hydraulic factor 1.30
EM-1110-2-2104---P3-2, Equation3.3
dOMn =D As x fy (d - a/2)
where
d =12in -2.5in (wall thick = 12 in) 9.51in
a=0.15d 14 in
Required reinforcement
As = Mu/[®fy(d-a/2)] (Required) 0.14 in?
where ®= 0.90
fy = 60 ksi
use 1#5, As = 0.31 0.31 in?
Check a =Asfy/(0.85f'c*b) 0.29 in
where fc= 4 ksi
b= unit width of wall 12 in
dMn = Asfy(d - a/2) 13.0 kft/ft
D/C = Mu / ®Mn 0.43 OK
Shear check
Vu=Hfx1.7xVd/h/2= 5.8 kips/ft
dvc=Px2xVfcxbxd 12.3 kips
where ® = 0.85
D/C =Vu/ ®dVc 0.48 OK
3. Connections between wall and piles
Use 36" CIDH Piles at spacing of 9.00'
Rebar Size (#): 11
Number of Rebar: 18
Spiral Spacing: 6 in
Moment capacity Mn (Mp) = (from Xsection) 2,071 k-ft
Mu = Hf x 1.7 x Md 1,571 k-ft
D/C = Mu/®Mn = Hf x 1.7 x Md/®Mn 0.84 OK
Use shear-friction design method
Vn = Avf x fy xp BDS p8-26 1011 kips
where Avf = 28.08 in"2
fy = 60 ksi
nu=062% 0.6
A= normal concrete 1.0
D/C = Vu/dVn = Hf x 1.7 x Vd/dVn 0.26 OK
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Project Napa River Flood Control Project
MGEENGINEERING, INC. Subject Flood Wall Design (Wall #1, Type B)
By David An Date Mar-05
4. Piles
Shear capacity of pile
dVn =P(Vc+Vs) 273 kips
where ® = 0.85
Ve = 2 x\fc x Ae 129 kips
Vs=n/2Avfyd/s 193 kips
Av Rebar Size (#) 5
Av = 0.31 in"2
d=36"-3" 33in
s= 5in
Ae = 0.85Ag 1018 in"2
D/C = Vu/®dVn = Hf x 1.7 x Vd/dVn 0.83 OK
Use #5@5" for Spirals.
Pile reinforcement development length, Id
Id = max{ ACI.R12..2, ACI.R12.2.3} 74.0 in
ACIR12:2.2  Id=[fy xaBM(20+fc) Jdb = 74.0 in
ACIR12.2.3 Id = {3/40 x fyNfc x aByM[(c+Ktr)/db]} = 36.5 in
where a = reinforcement location factor 1.0
3 = coating factor 1.0
y = reinforcement size factor 1.0
A = lightweight aggregate concrete factor 1.0
¢ = cover 2.69 in
(clear cover c > db)
Ktr = Atr x fyt / (1500sn) = 0.354
where Atr = 0.79 in"2
fyt = fy 60.0 ksi
s = rebar spacing 5.0 in
(clear s > 2db)
n = number of bars 18.0
db = nominal diameter of bar 1.56 in
(c+Ktr)/db = 1.951
Bar # Area (SI)
3 0.11
4 0.20
5 0.31
6 0.44
7 0.60
8 0.79
9 1.00
10 1.27
11 1.56
14 2.25
18 4.00
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Project Napa River Flood Control Project
Subject .

M G E ENGINEERING, INC. Flood Wall Design (Wall #1, Type B)
By David An pate Mar-05

WALL #1, TYPE B (Typical, Pile Spacing 12"

Backfill Properties

Backfill Thickness = (17.00") - (1.00") = 16.00 ft
Backfill Unit Weight = 125 pcf
o= 37 degree
C= 0 pcf
SMF= Tan(®y) / Tan® = 2/3 = 0.67
&y = 27 degree
Ka = Tan? (45°- ®/2) = 0.25
Ko = Tan’ (45°- ®©4/2) = 0.38
Kp = Tan® (45° + ®/2) = 4.02
Water Property
Water Unit Weight = 62.5 pcf
Pile and Wall Data
Station = 3+15
Finish Grade Elevation(behind) = 17.00 ft
Finish Grade Elevation(front) = 4.00 ft
Top of CIDH Pile Elevation = 1.00 ft
Pile Spacing = 12.00 ft
Pile Diameter = 3.00 ft
100 Year Flood Level = 15.37 ft
Water Elevation (Mean higher) = 3.76 ft
Water Elevation (Mean lower) = -2.84 ft
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M G E ENGINEERING, INC.

Project Napa River Flood Control Project
Subject Flood Wall Design (Wall #1, Type B)
By Date

David An Mar-05

gw2a

Load Case 1 -- Short Term (Undrained) In Service Condition (Station 3+15)

45" Vba  (from back face of wall)
ﬂ D-4 Dozer (Construction Equipment = 2.5 kips/ft)
Elev. +17.00'
/Q\Pem Pb4
Water Elev. 7.00' gem Backfill
gesub
Z / Elev. 4.00'
B 2\ ZEAN \ Elev. 1.00

Backfill Soil Pressure at Wall (Soil pressure =y Ki hi)

Name Thickness(ft) | Pressure(ksf)
gem 10.00 0.476
gesub 6.00 0.618
gqwla=gqw2a 6.00 0.375

Backfill Resultant Forces Summary

Name Force (kips) Mom Arm(ft) Moments(k-ft)

Pem 28.5 9.33 266
Pesub 394 2.87 113
Pwla 135 2.00 27
Pd-4 16.4 156
Pw2a -13.5 2.00 -27

At bot of wall 84.3 Safety Factor 535.7
vV 1.1 =M

D-4 Dozer Loading Summary
b z APp, Moment

0.0 0.00 0.000 0.000

0.1 1.60 0.176 2.529

0.2 3.20 0.254 3.249

0.3 4.80 0.244 2.729

0.4 6.40 0.198 1.904

0.5 8.00 0.151 1.208

0.6 9.60 0.113 0.721

0.7 11.20 0.084 0.404

0.8 12.80 0.063 0.203

0.9 14.40 0.049 0.078

1.0 16.00 0.038 0.000

P 1.369 13.023

Demand at Top of Pile: Vd =93 kips Md =589 k-ft

gwla

Note: Passive soil resistance were ignored.

gem - Moist soil pressure at rest wall
gesub - Submerged soil pressure at rest wall
qw - Water pressure

h= 16.00 ft
a=4.5"/16.00"= 0.28 <04
Vpg= 2.5 kipslft

APy, = (Voo 1h) [(0.2030)/(0.16+b72)2]
(EM 1110-2-2502 Page 3-49)
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M G E ENGINEERING, INC.

Project Napa River Flood Control Project
Subject Flood Wall Design (Wall #1, Type B)
By Date

David An

Mar-05

gw2a

Load Case 2 -- Long Term (Drained) In Service Condition (Station 3+15)

V et (from back face of wall)  Vgigut
H-15 truck load USE V=
4.5ft 6ft H-15 truck
/Q\Pem
gem
Water Elev. 4.00' gesub
\V4
= rea

Backfill Soil Pressure at Wall (Soil pressure =y Ki hi)

Name Thickness(ft) | Pressure(ksf)
gem 13.00 0.618
gesub 3.00 0.690
qwla=qw2a 3.00 0.188

Backfill Re