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Sonoma County Transportation Authority 
520 Mendocino Avenue, Suite 240 
Santa Rosa, CA 95401 

Subject: Materials Handout Report 
Segment B 
Highway 101 HOV Lane Project 
Petaluma and Cotati, California 

Dear Mr. Preston: 

URS has completed the geotechnical investigation to providc the Materials Handout Report for 
the proposed Iiighway 101 EIOV Lane Project in Pctalunta and Cotati, Califon~ia. The enclosed 
report describes the available materials and the matcrial recommendations for the subject project. 
No conclusions or opi~lions as to thc quality ofmaterials from the potential borrow sources have 
been stated or implied. Lluring our review of available borrow sources there were no site 
inspections or laboratory tests perfonlled as part of this investigation; however, we understand 
that site inspection and laboratoly tests will be performed by others during construction. The 
information presented in the enclosed report is based on limited telephone conversations with the 
potcntial sources. Consequently, upon sclcction of a borrow source, representative samples 
should be collected and tested in the laboratory to corifirm that the borrow materials meet the 
material specifications. In addition where appropriate, representative samples should be tested 
for hazardous substances and for corrosion potential. All units presented in this report are shown 
in metric. 

The recommended materials specifications presented in this Matcrials IIandout Rcport wcrc 
developed with thc standard of care commonly used as statc ofthe practice in the profession. No 
other warranties are included, either exprcss 01 implied, as to the professional advice included in 
this report. 

If any questions should arisc, or if we can be of further service, please contact the undcrsiyncd at 
(408) 297-9585. 

Sincerely, 

/ i  ..;:S. A- c;. . -*-;p. ,. 

, , 
S. Stephen Huang 
Gcotechnical Project I.cadcr, (.;.B. 21 50 
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MATERIALS HANDOUT REPORT 

HIGHWAY 101 HOV LANE PROJECT 

PETALUMA AND COTATI, CALIFORNIA 

INTRODUCTION 

This Materials Handout Report presents the rcsults of a gcotcchnical investigation for tlie 
proposed addition of IJOV lanes in each direction of Higl~way 101 in Sonoma County for 
approximately 1-% nmiles. The ploject limits (PM 7.118.9) arc from half a mile south of Old 
Redwood Highway interchange in Pctalunia to just north oSPcppcr Road onramp in Cotati. 
'l'he results of our materials available studies are presented in this report, and are consistent 
with the format presented in "Topic 11 1 -Materials Sites and Disposal Sites" of the Caltrans 
Highway Design Manual (1995). Background information of the project, previous 
investigations near the project site and the scope of work are included in the introduction. 

Purpose and Scope of Geotechnical Services 

The purpose of this investigation is to locate potential bonow sources for use in the 
construction of roadway widening and new embankment fill for the subject project. 
The scope of work was developed to meet guidelines for Material Sites as presented in "Topic 
11 1 Materials Sites and Disposal Sites" of the Caltrans liighway Design Manual (1995). 

Available Reports 

URS has prepared the following reports pertinent to the available materials along the project 
alignment: 

"Gcotcchnical Design Report ( O R )  and Materials Report, Highway 101 HOV Lane 
Project, I'etaluma, Cotati and Rohncrt Park, California," dated July 31, 2008; 

"Addendum, Volnmc I of 111, Gcotechnical Design Report (GDR) and Materials Rcpolt, 
Segment D, Highway 101 IIOV Lane Project, Pctalnma and Cotati, California," dated 
March 17,2010. 

Both reports were prepared in accordance with Caltrans GDR Guidelines dated December 
2006. As part of this investigation, URS rcviewcd the following existing Foundation 
Investigation data provided by Calh.ans: 

Dccembcr 24 1956 

*Inspection Date 



The Caltrans Materials Report for the original design of this segment of Highway 101 was not 
available. 

GENERAL INFORMATION 

Description of Project 

General 
Thc proposed projcct consists of adding IIOV lanes in each dircction by widcni~ig Highway 
101 in Sonol~la County for approximately 1% miles. As shown on Figure I ,  the projcct limits 
are from half a m11e south of Old Redwood Highway interchange in l'etaluma to just noah of 
Pepper Road onramp in Cotati. The widening will prkarily take place in thc median. 
Standard shoulders will be ptovided by widening outside the existing highway. 
'Ilre projcct also includes interchange modifications to meet current design standards, such as 
ramp re-alignments and other improvements. Ramp ~nctcring will be installed and, where 
feasible preferential IJOV bypass lanes. 

- 

Most of these improvements can he accommodated within the cxisling light-of-way; however, 
some improvenlents will require acquisition of additional right-of-way. 
Coordinat~on will be required betweeii projccts to the immediate north and south of the 
project Innits. I h e  project to the south is the Marin-Sonoma Narrows project. Thc project to 
the north is Segment A of the HOV Lanes project. Both projects are in various stages of 
development to add tlOV lanes. 

Mainline Improvements 
l'hc mainline improvements include widening Highway 101 from four to six lanes by adding 
one high occupancy vehicle (HOV) lanc in each direction. Shoulders will be upgraded to the 
standard 10 feet. A concrete median barricr will be constructed to address drainage issues, 
exccpt in the vicinity of the Old Redwood Interchange to address drainage issues. 111 general, 
the freeway mainline will be widened syniinetrically about the existing centerline. ?he 
vertical alignment will typically follow the existing profile. 
These improvetrrents will be designed to be consistent with current highway geometric 
standards: travel lanes will be 12 feet wide, inside shoulders will be 10 feet widc, and outside 
shoulders will he 10 feet widc. 
One bridge will be modified to acco~nmodate the lnainliire iinprovements. At Willow Brook, 
thc existing parallel bridges carrying Highway I01 will be widened into the median and 
joined. 

Old Redwood Highway - Petaluma Boulevard North Interchange lmprovements 

The existing partial cloverleaf interchange configuration at Old Redwood liiglrway will 
remain, but the diagonal ramps will bc reconstructed to accommodate the Highway 101 
widening. The diagonal on-railips will be realigned to improve safety and transition to the 
highway by increasing the acceleration distance on the ramp and inrproving sight distance for 
safcr merges. The northbound diagonal on-ramp from Old Rcdwood 'lighway will be 
reconstructed with a larger radius curve and to accommodate one mixed-flow ramp-metered 



lane, an HOV preferential lane and a CI-IP enforcement area. The southbound diagonal on- 
ramp from Petaluma Boulevard North will be reconstrlicted with a larger radius curvc and 
wiliaccommodate one mixed-flow, ramp-mctcrcd lane. The entrance-taper on both the 
northbound and southbound loop on-ramps will be improved to current standards. The 
northbound off-ramp to Old Redwood Highway will be reco~~structed to provide standard 
deceleration distance. The southbound off-ramp to Petaluma Boulevard North will be 
reconstructed to provide standard deceleration distance and a two-lane exit ramp. 

Soundwalls 
A new sound wall (SW 417) will bc installed along the southwest side of the Highway 101 
corridor northwest of the Old Redwood Highway Overcrossing (OC). SW 417 is 
approximately 1,183 fcet long. The wall begins about 83 feet lei? of "ML" Station 413+20, 
and extends along the northeast boundary ofthe adjacent mobile home park, and then turns 
southwesterly to extend about 86 feet along the northeast side ofDenman Road. Design 
height is 14.33 feet. It will be placed on a Type 736% concrete bamer and supported on 16 
feet long, 16-inch diameter CIDH concrete piles. 

Earthwork and Pavements 

Existing Highway 101 will be widened, resulting in cuts and fills. 
The proposed project will require approximately 3 1,200 cubic yard of roadway excavation 
and 6,810 cubic yard of embankment. The proposed project will rcquire pavement inaterials 
with approximate quantities as presented below. Borrow pits and disposal sites within the 
project lin~its are shown on the project plans. 

Material Type 

MATERIALS AVAILABLE 

Approximate Quantitics -- 

HMA (Open Graded) 
Rubberized HMA (Gap Graded) 

1,can Concrete Basc 
Aggregate Rase (Class 3) 

Aggreaatc Subbase (Class 4) 

Potential borrow sources were locatcd for use in the construction orthe roadway 
enlbankment. This review does not include any site inspections or testing progralns. Viable 
local com~nercial sources were identified and are listed in Table 1. Also included in this table 
is a sunlmary of the approximate haul distance to the project site and available material. 
Before placement, representative samples should be collected from the proposed borrow 
sourcc and laboratory tests should be performed. The progran~ should include performing 
sand equivalent, plasticity index, sieve analysis, corrosion, and R-Value tests. In addition, 
testing for hazard substances should be considered. Information presented above is based on 
telepho~le conversations with the potential borrow sources. No site visits or inspections ofthe 

6,400 Ton 
14,800 Ton 

14,500 cubic yard 
70 cubic yard 

29,100 cubic yard 

Hot Mixed Asphalt IIIMA) 24,300 Ton 



material from the potential sources wcrc purfomcd. Tl~cre may be oU1er potential boirow 
soutccs in llieproject vicir~ity tllat ]lave 1101 bee11 identified. 





RECOMMENDED MATERIALS SPECIFICATIONS 

Specifications 

Earthwork 
Earthwork shall conform to tlie applicable portions of Section 19 of the SLandard 
Specifications and to current Special Provisions. 

Structure Backfill 
Structure backfill shall confomi to the provisions in Section 19-3 of the Standard 
Specifications. 

Embankment Construction 
Embanlanent material for at least 1.2 ni below the grading plane shall conform to the 
rcquiremenls no1:ed in the Spccial Provisions. All imported borrow shall confonn to thc 
provisions of Section 19-7.02 of the Standard Spccifications and to current Special 
Provisions. 

Structural Pavement Sections 
Asphalt Concrete IACL 
Asphalt concrete shall be Type A, 19-mm maximum coarse graded and shall conform to the 
pn~visions in Section 39 of the Standard Specifications and to the requirements notcd in the 
Standard Special Provisions 
Asphalt Treated Pcr~leable Base (ATPBL 
Asphalt treated permcable base shall conform to the provisions in Section 29 ofthe Standard 
Specifications and to thc rcquircments noted in the Standard Spccial Provisions 
Aprrremte Base (AB,! 
Aggrcgatc base shall be Class 3,37.5-mm or 19-mm maximum grading and shall confonn to 
the provisions in Section 26 of the Standard Specifications and to the requirements notcd in 
the Standard Special Provisions. 
Arrpretate Subbase (AS1 
Aggrcgatc subbase sl~all be Class 4 and shall confonn to tho provisions in Scction 25 of thc 
Specifications and to the requirements notcd in the Standard Special Provisions. 
Lean Concrete Base 
Lean concrete base shall confotm to the provisions in Section 28 of the Sta~~dald 
Specifications and to thc requirements in the Standard Special Provisions. 
Pavefnerzt Heirrforcinp ITubric 
Pavement reinforcilig fabric shall conform to thc provisions in Section 88-1.02 of the 
Standard Specifications. 



Culverts And Drains 
Edfe Drains 
Edge drains shall conform to the provisio~is in Section 68-3 of thc Standard Specifications. 
Filter Fabric 
Filter fabric shall conform to the provisioiis in Section 88-1.03 of the Standard Specifications. 

Standard Special Provisions 
Apprepate Base fABL 
Aggregate basc shall be Class 3, 37.5-mm or 19-mn maxiinuin gradiiig and shall conform to 
the provisions in Section 26 of the Standard Specificatioiis and to these Special Provisions. 
The aggregate grading for Class 3 aggregate base is reviscd from the Class 2 aggregate base 
by changing "Percentage Passing" the No. 200 screen to. --- 

The quality requirements shall conform to the quality requirements shown on the following 
table 

37.5-mm Maximum 

No. 200 

Appre~ate Subbase (AS) 
Aggregate subbase shall be Class 4 and shall conform to the provisions in Section 25 of the 
Standaid Specifications and to thesc Spccial Provisions. 

19-mm Maximum 

Class 4 aggregate subbase shall be clean and free from vegetable matter and other deletcrious 
substaticcs. 

Operating I Contract I Operating I Contract 
-- Range ] Compliance I Range I Compliance 

'The percentage composition by weight of Class 4 aggregate subbase shall confor~~l to the 
followiiig grading as dctcimined by California Test Method No 202 

2-1 1 

Class 4 aggregate subbase shall also conform to the quality requirements sliown on the 
following table. 

0-14 1 2-1 1 0-14 



Special Provisions 
L ' ~ t ~ b a r ~ k m ~ i ~ t  Currsf~~tcfiort 
The upper 4 feet of e~iibi~nknicnt fill below tltc grading plane sllsll have a tiii~litnutn R-value 
of15. 
Scttloncnl tno~iitoring deviccs sl~all be il>statlcd ptjor to filling wl~ere new fill 11cigl:t cxcocds 
3 fcet. I l~csa dcviccs sl~crll not be dainaged by the Contraclor. Sctilmiient shall be nicnsured 
once a week, plollcd and sub11iittcd tu IIRS fox review. 
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1 URS 

M E M O R A N D U M  
100 West San Fernando Street, 
Suite 200 
San Jose, CA 951 13 
Telephone: (408) 297-9585 
Facsimile: (408) 297-6962 

Re: Iiighway 101 Central HOV Lanes Project - Segment B 
Sonoma County, California 

Subject: Summary of Hazardous Materials/Iiazardous Waste 

URS' Site Investigation Rcport dated July 29, 2010, describes soil reuse and disposal 
restrictions, as well as worker Ilealth and Safety requirements, for the above-referenced 
Project. The following is a general summary of this docu~nent provided for information 
purposes only; the full report must be adhered to during construction. 

Aerially Deposited Lead - Soil Reuse Restrictions 
For the purpose of this discussion, the following definitions apply: 

"Yl" soil may only be reused at the Site if placed beneath at least 1 foot of clean soil 
(soil not classified as Y 1, Y2, or 23) and at least five feet above the water table. 

Approximately 6120 cubic yards of soil is classified as "Y I", which is located only within the 
top 1.0 foot of soil, within the central and northbound areas of the median (from the edge of 
the median on the northbound roadway, to the nlidway point between the center of the 
median and the edge of the median on the southbound roadway). See the Site Investigation 
Report for the precise limits of Y 1 soil in the topn~ost 1.0 foot of soil. 

All other soil (except that identified as Y1, described above), may be reused without 
restriction. 

Aerially Deposited Lead - Soil Disposal Restrictions 
Due to concentrations of Aerially Deposited Lead, soil to be excavated from the top 1.0 foot 
within the central and northbound median areas, if removed from the Project Limits, would 
qualify as a California Hazardous Waste and would require disposal at a pern~itted kcility. 
The current design of the Project makes it likely that all excavated soil may be rcused on-Site 
even under highly restricted conditions. 

Groundwater 
Groundwater was not encountered during the soil sampling effort performed in preparation 
for the Site Investigation Report. Soil samples were collected to the expected maxinlum 
depth of excavation within the Project Limits. Therefore, UIiS does not expect groundwater 
to be encountered during construction. If groundwater is encountered, URS recomnlends 



URS Memorandum 
August 3,2010 
Page 2 

groundwater sampling be performed to evaluate worker Iiealth and Safety concerns and prior 
to any discharge to creeks or publically owned treatment works. 

Based on URS' geotechnical investigation, which was performed in the summer of 2006, 
depth to groundwater varied throughout the southern project segment. At locations south of 
Station 455 tOO, groundwater was typically encountered at a depth of between 3 and 9 feet 
bgs, while north of Station 455+00, groundwater was typically encountered at a depth of 
between 8 and 27 feet. URS will work with the design team to select a fill location which is 
consistent with the Caltrans variance requirements. 

Worker Health & Safety Plan 
Based on the concentrations of lead detected in soil, a site-specific health and safety plan inay 
be required to protect workers and the public from exposure risks due to lead. This health 
and safety plan may require workers to receive HAZWOPER 24 or 40 hour training prior to 
beginning field work. This health and safety plan may also need lo be address arsenic and 
cobalt, which are present at background concentrations for the region, which are greater than 
PRGs. One way to address these issues would be to control and inonitor exposure to dust 
(which may contain constituents including lead and arsenic) in accordance with Cal-OSHA 
guidelines. 
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September 25,2009 
Project 28645047 

File No. 04-SON-101-PM 7.118.9 
EA-OA1841 CU 04276 

Mr. Guy Preston 
Sonoma Transportation Authority 
520 Mendocino Avenue, Suite 240 
Santa Rosa, California 95401 

Subject: Foundation Report 
Willow Brook Bridge (Widen) 
Caltrans Bridge No. 20-0161 RIL 
Petaluma, California 

Dear Mr. Preston: 

URS has completed the accompanying Foundation Report for the Willow Brook Bridge (Widen) 
in Petaluma, California. The report was prepared in accordance with Caltrans Guidelines for 
Foundation Investigation Reports, Version 2.0, dated March 2006. 

The Foundation Report presents our engineering opinions and recommendations regarding the 
geotechnical factors influencing the design and construction of the proposed structure widen. 
The opinions and recommendations have been based upon the results of our field investigation, 
laboratory testing, engineering judgment and local experience. Mr. Madhu Thummuluru, P.E., 
performed engineering calculations. Ms. Anne-Marie Moore, G.E. assisted with the preparation 
of this report. Mr. David Simpson, Certified Engineering Geologist, prepared the earthquake 
analysis portion of this report. Mr. Michael Larson, G.E., provided review, consultation and 
guidelines for the project. 

Our responses to comments received from Caltrans, dated July 29, 2009, on the Foundation 
Report are incorporated into this report. 

If any questions should arise, or if we can be of further service, please contact the undersigned at 
(408) 297-9585. 
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1 Section 1 ONE Introduction 

1.1 GENERAL 

The Sonoma 101 Central HOV Lanes, Segment B Project (EA 0A1831) consists of 

improvements to Highway 101 from Old Redwood Highway (Station 376+70.00) in Petaluma to 

Pepper Road (Station 471+49.10), Sonoma County, California, to provide for increased travel 

demand in this north-south transportation corridor.  Improvements to Highway 101 include 

widening of Willow Brook Bridge (Bridge No. 20-0161 R/L) and constructing sound walls.  

Figure 1-1 presents the location of this structure. 

One sound wall is planned between “ML” Line Station 424+77.46 to 424+59.00 along the 

Southwest edge of the widened Willow Brook Bridge.   

1.2 SCOPE OF INVESTIGATION 

The geotechnical services performed for the Willow Brook Bridge (Widen) were as follows: 

• Review existing subsurface information and as-built plans 

• Geotechnical field investigation including one exploratory boring, NB05, and one cone 

penetration test (CPT), CT06 

• Laboratory testing to estimate pertinent engineering properties 

• Design recommendations and opinions were developed for the following topics: 

− Pile foundation design recommendations 

∗ Vertical capacity 

∗ Tip elevations 

− Resistance to lateral loads 

− Pile foundation and approach fill settlement 

− Abutment grading and approach fill construction 

− Earthquake information consistent with Caltrans Response Spectra Design Techniques 

− Assessment of the potential for earthquake induced liquefaction, settlement, and lateral 

spreading 

− Corrosion testing and analysis 

− Address construction issues, including: 

∗ Earthwork for abutments and new bridge approaches 

∗ Installation of pile foundations, as applicable 

 

Review related to environmental and hazardous waste issues was performed during a concurrent 

investigation, with findings presented in a separate report, titled “Soils Investigation Report – 

Highway 101 Central HOV Lane Project.” 

1.3 CALTRANS REVIEW COMMENTS 

We reviewed comments prepared by Caltrans, dated July 29, 2009, for the Willow Brook Bridge 

Widening.  Our responses to these comments are incorporated into this report.  Copies of the 

review comments and our responses are presented in Appendix A.  
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2 Section 2 TW O Available Informat ion 

2.1 PROJECT DESCRIPTION 

According to as built structure plans in Appendix B, the two existing 70 foot long bridges are 

supported on concrete piles with approximate pile tip at Elevation-6 feet.  There are 2 bents and 

2 abutments. 

The proposed improvement of Highway 101 from Old Redwood Highway in Petaluma to 

Rohnert Park Expressway in Rohnert Park will include regrading the mainline to meet current 

vertical alignment and clearance standards, and widening the highway for construction of HOV 

lanes in each direction and to provide standard shoulder widths.  At Willow Brook, the existing 

three-span parallel bridges carrying Highway 101 will be widened into the median and joined.  

Widening at the southwest shoulder with new wingwall construction is also planned.  The 

profile, elevation, and typical section for planned improvements at the Willow Brook Bridge are 

shown on Figure 2-1.  The Foundation Plan is shown as Figure 2-2.  A sound wall is currently 

planned to be constructed along the southwest side of this bridge. 

The bridge is to begin at ‘ML’ Line Station 424+90.11 and end at ‘ML’ Line Station 425+60.13 

and have a deck elevation ranging from Elevation 44.3 to 44.5 feet.  We understand that 18-inch 

diameter cast-in-steel shell (CISS) piles are currently proposed to support new bridge foundation 

elements.  Bottom of pile cap is expected to be positioned at about Elevation 36.31 to 36.45 feet 

within the median and Elevation 35.24 to 35.25 feet at the wingwalls.  Sliver fills ranging to 

about 1½ feet thick are currently planned to widen the highway shoulder embankments, with 

median fills ranging to less than 3 feet at the bridge approaches.  Embankment slopes of 2:1 or 

flatter (horizontal:vertical) are currently planned along the highway embankment.   
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3 Section 3 THR EE Site Geology and Subsurf ace Cond ition s 

3.1 GEOLOGIC SETTING 

3.1.1 Regional Geology 

The Sonoma Highway 101 HOV expansion project is located in the Coast Range physiographic 

province, near the southern end of the Coast Range Thrust.  The Coast Range province is 

characterized by north to northwest trending elongated mountain ranges and intervening valleys.  

This physiography reflects the influence of the San Andreas fault system, a domain of north-

northwest oriented right-lateral strike-slip faulting that accommodates the majority of the plate 

motion between the Pacific and North American plates.  In addition to the right-lateral strike-slip 

deformation, a component of convergence oriented normal to the plate boundary is 

accommodated by a series of folds and thrust faults, including the faults of the Coast Range-

Sierran Block Boundary zone, oriented sub-parallel to the faults of the San Andreas system.  

Late Cenozoic (last 30 million years) deformation associated with the transpressional plate 

boundary is reflected in the Coast Range geology, which typically consists of intensely folded 

and faulted Upper Jurassic (150 million years old) and younger rocks of the Franciscan 

Complex, a complex assemblage of metamorphosed oceanic crustal rocks and marine sediments.  

In the Neogene, compressional basins of deposition, en echelon folds, northwest-trending strike-

slip faults, and lesser east-west-trending thrust faults that dip both east and west were formed.  

The region is now characterized by elongate topographic regions comprising fault-bounded 

slivers of different rock types.  The majority of the reverse faults now appear to be either inactive 

or significantly less active than the northwest-striking, strike-slip faults of the San Andreas 

system, which offset them. 

Information regarding the actual depth of the bedrock at the site is not available.  Based on 

published information on geology of the site, the bedrock consists of rocks of the Pliocene age (1 

to 13 million years old) Sonoma Volcanics and older marine siltstones, sandstones, and 

conglomerates of the Petaluma formation.  

3.1.2 Site Geology 

The geology along the Sonoma Highway 101 HOV project alignment has been mapped by Fox 

et al. (1973) and reproduced in this report as Figure 3-1.  The Quaternary (recent to 2 million 

years old) deposits in the project area include interfluvial marshlike basin sediments and alluvial 

fan deposits.  These overlie Tertiary units including marine deposits of the Petaluma formation 

and Sonoma Volcanics.   

The Pliocene age Sonoma Volcanics are characterized by ryolitic, basaltic and andesitic flows 

overlying tuff and agglomerate, though only andesitic and basaltic lava flows outcrop in the 

study area (Fox et al, 1973).    

The Petaluma formation consists primarily of claystone and siltstone with thick lenses of 

sandstone and pebble conglomerate.  Layers of tuff or tuffaceous siltstone and lenses of 

diatomite occur as interbeds.  The diatomite is known to contain fresh-water and brackish-water 

mollusks as well as rare mammalian remains.  The siliceous shale deposits are originally derived 

from the Franciscan assemblage as well as detritus from the Sonoma volcanics (Fox et al, 1973). 
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The sediments in the Willow Brook crossing along Highway 101 are younger Quarternary 

alluvial fan deposits grading headward to terrace deposits (Qyf).  The unit consists of moderately 

sorted fine sands and silts with gravel becoming more abundant toward fan heads (Fox et a l., 

1973). 

3.2 SITE AND SUBSURFACE CONDITIONS 

3.2.1 Site Topography 

Development of the freeway, bridges, and on-ramps and off-ramps has required the placement of 

fill embankments and cuts along the alignment.  Current elevations along the proposed 

improvements in the vicinity of Willow Brook range from a low of about 30 feet at the toe of the 

creek embankment to about 45 feet on the bridge.  Residential development is located 

immediately southwest of the bridge. 

3.2.2 Field Exploration 

Subsurface investigation for design of the existing bridge was performed in June 1952.  At that 

time, subsurface information was obtained from one rotary wash boring and one penetration 

boring.  The approximate locations of these borings are shown on the Site and Boring Location 

Plan, Figure 3-2.   

To supplement available data, URS drilled one exploratory boring, NB05, to a depth of 69½ feet 

and advanced one CPT, CT06, to a depth of approximately 59½ feet.  The field exploration was 

performed on August 10 and 24, 2006.  The locations of the explorations are shown on Figure  

3-2, as well as on the Log of Test Borings (LOTBs), Figures 3-4a and 3-4b.  The LOTBs also 

present descriptions of the soils encountered.  The new boring was initially drilled with a 4-inch 

diameter solid flight auger so that the depth to groundwater could be measured.  Thereafter, the 

drilling method was switched to 5-inch rotary wash. 

A representative of URS supervised the drilling operations and soil sampling.  Visual 

classifications of the soils encountered were made from cuttings and soil samples.  The soil 

samples collected from the boring were sealed and labeled immediately to preserve their natural 

moisture content.  At completion of the exploration, samples were delivered to the laboratory for 

further examination and testing.  The boring was then backfilled with a mixture of cement and 

bentonite in accordance with the requirements of the Sonoma County Health Department.  A 

detailed discussion of the field exploration program is presented in Appendix C. 

The Unified Soil Classification System, as well as guidelines summarizing soil consistency and 

relative density, are presented on the LOTB legend, Figures 3-3a and 3-3b.  The logging method 

is consistent with Caltrans Soil & Rock Logging Classification Manual (Field Guide), dated 

August 1996.  These logs also illustrate the notation used for the size of samplers and the 

methods of advancing them.  Description of the soils encountered in the borings are presented on 

Figures 3-4b and 3-4c. 
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3.2.3 Laboratory Testing 

The water content, dry density, Plasticity Index (PI), grain size distribution, and unconfined 

compressive strength were determined for selected samples to estimate the strength and 

compressibility of the underlying soils.  The results of these tests, together with the resistance to 

penetration of the sampler are shown at the corresponding locations on the LOTBs.  The results 

of sieve analysis and PI tests are graphically shown in Appendix C. 

3.2.4 Soil Conditions 

The soils encountered during the 1952 investigation consisted predominantly of interbedded soft 

to stiff clays and compact sand to approximately Elevation 0 feet, underlain by cemented coarse 

sand and gravel to the maximum depth explored at Elevation –24.6 feet.     

The recent boring encountered fill consisting of approximately 1½ feet of clayey sand underlain 

by approximately 7 feet of very stiff sandy lean clay.  Beneath the fill, the boring encountered 

native alluvial soils consisting of medium to very stiff lean and fat clays and medium dense to 

very dense silty and clayey sands to a depth of 69½  feet, the maximum depth of exploration.  

The sand interbeds typically range from 6 to 10 feet thick.  The native soils encountered in the 

CPT can generally be characterized as silty clay and clayey silt with sandy silt, silty sand, and 

gravelly sand interbeds corresponding to similar thickness and elevations encountered in 

Boring NB05.  Based on Boring NB05 and CPTCT06, the generalized soil profile is presented in 

Figure 3-5. 

3.2.5 Groundwater 

Free groundwater was encountered in Boring NB05 at approximately Elevation 22.6 feet.  In 

addition, during this study a pore pressure dissipation record was compiled in CT07 (located 

approximately 138 feet north of Willow Brook along the ‘ML’ Line, to measure the groundwater 

level.  This record is included in Appendix C and indicates a groundwater depth of 

approximately 14¾ feet (Elevation 29 feet).  Groundwater was reportedly encountered at a depth 

of 8½ feet (Elevation 27.5 feet) in penetration Boring B-2 performed during the 1952 

investigation.  

Because the site is located at a creek crossing, groundwater elevation likely corresponds to water 

levels in the creek.  We believe it is reasonable to assume a design groundwater level at the 

maximum historical level obtained in 1952 at Elevation 27.5 feet. 

3.3 GEOLOGIC HAZARDS 

3.3.1 Geologic Resources 

Resources consulted for geologic hazard assessments included: 

• Geologic maps of the California Geological Survey (CGS, formerly California Division 

of Mines and Geology). 

• Alquist-Priolo Earthquake Fault Zone maps. 
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• California Geological Survey, Guidelines for Evaluation and Mitigating Seismic Hazards 

in California, Special Bulletin 117, updated version May 28, 2002. 

• Knudsen, K.L., Sowers, J.M., Witter, R.C., Wentworth, C.M. and Helley, E.J., 2000, 

Preliminary maps of Quaternary deposits and liquefaction susceptibility, nine-county San 

Francisco Bay region: A digital database, U.S. Geological Survey, Open-File Report 00-

444, 60 p.  

• Preliminary Geologic Map of Eastern Sonoma County and Western Napa County, CA, 

U.S. Geological Survey, Miscellaneous Field Studies Map, MF-483, 4 plates. 

• Mualchin, L., 1996, California seismic hazard map 1996 based on maximum credible 

earthquakes (MCE), California Department of Transportation. 

• Index to detailed maps of landslides in the San Francisco Bay region, California, U.S. 

Geological Survey, Open-File Report 97-745-D, 20 p. 

3.3.2 Fault-Related Ground Rupture 

Surface fault rupture tends to recur along existing fault traces.  The highest potential for surface 

faulting is along existing fault traces that have had Holocene fault displacement.  The California 

Geological Survey (formerly Division of Mines and Geology) has produced maps showing 

Alquist-Priolo Earthquake Fault Zones along faults with known Holocene activity that pose a 

potential surface faulting hazard.  There are no Alquist-Priolo zones mapped in the vicinity of the 

project site.  The closest active fault to the site is the Rodgers Creek fault, approximately 4½ to 

5½ miles to the east.  The San Andreas fault is located 14¼ to 15½ miles to the west.  The 

potential for surface fault rupture at the site is considered remote. 

3.3.3 Landslide and Slope Failure 

Based on the relatively flat topography at the site, landsliding is not considered a hazard at the 

Willow Brook crossing. 

3.3.4 Scour 

The channel beneath the Willow Brook Bridge is not lined.  Based on the bridge inspection 

report prepared by Caltrans dated September 23, 2004 (included in Appendix B), scour within 

the channel has exposed approximately 3 feet of pile shell at both abutments on the right bridge, 

and the face of Abutment 1 at the bridge has been undermined at the mid section for a length of 

10 feet.  This abutment has been undermined to a depth of approximately ⅓ foot.  The report 

recommends placement of rock slope protection at both abutments for this right bridge.  At the 

left bridge, the steel shell pile extensions were vertically exposed to depths of 1 foot at Bent 2 

and 3 feet at Bent 3.  Rock slope protection was not recommended in the report for the left 

bridge. 

Based on the Willow Brook Creek project bridge design hydraulic study report (Wreco, March 

2009), the channel is not lined.  Wreco states “In order to avoid structural damage, and/or 

undermining, the additional pier foundations for the proposed bridge widening should be 

constructed below the estimated total scour depth or to the bedrock layer.  Furthermore, any 

plans for the modification or replacement of existing piers and pier foundations should provide 
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scour protection by placing scour countermeasures such as appropriately sized rip-rap.”  In 

addition their hydraulic model results predict that the 100-year flood flow in Willow Brook 

Creek will pass beneath both the existing and proposed bridges without overtopping.  Other 

details are provided in the project hydraulic report.  The executive summary section of hydraulic 

report by Wreco, dated March 2009 is presented in Appendix D. 

3.3.5 Flooding 

Based on a flood hazard map generated from the Association of Bay Area Governments (ABAG) 

geographic information systems (GIS) and reproduced in this report as Figure 3-6 (primarily 

based on FEMA Q3 flood data), flooding at the site is a potential hazard.  The site is located 

within the FEMA 100-year flood zone (i.e., the region that has approximately a 1% annual 

probability of flooding).   

3.3.6 Subsidence and Seismic Compaction 

Subsidence typically occurs as a result of subsurface fluid extraction (e.g. groundwater, 

petroleum) or compression of soft, geologically young sediments.  Groundwater extraction for 

high volume municipal and agricultural use has the potential to cause future ground subsidence 

in the region.  However, we are not aware of subsidence in the area; there are a number of 

plugged and abandoned dry petroleum holes and some completed gas holes about 3 miles east of 

the project site (California Division of Oil, Gas, and Geothermal Resources, 2001). 

Compaction settlement, or seismic densification, occurs when loose granular soils above the 

groundwater table increase in density as a result of earthquake shaking.  This soil densification 

can result in differential settlement because of variations in soil composition, thickness, and 

initial density.  For design, we estimated the potential post-earthquake settlement at CT06, using 

the computer program LIQUEFY PRO.  In our analyses we used a peak ground acceleration 

(PGA) of 0.5g and design earthquake moment magnitude (Mw) of 7.0.  At Boring NB05, the 

soils above groundwater table are primarily lean clay and fat clay.  The results of these studies 

indicated that the magnitude of seismic compaction settlement at abutments ranges from nil to ⅛ 

inch.  We believe that compaction settlement of the native clay soils due to seismic densification 

during strong ground shaking at bents to be negligible.  Copies of these calculations are included 

in Appendix E.  

3.3.7 Liquefaction Potential 

Soil liquefaction is a phenomenon in which saturated cohesionless soils are subject to a 

temporary but essentially total loss of shear strength under the reversing, cyclic shear stresses 

associated with earthquake shaking.  In extreme cases, the soil particles can be suspended in 

groundwater, resulting in the deposit becoming mobile and fluid-like.  Three conditions are 

generally required for liquefaction to occur: 1) a cohesionless soil of loose to medium dense 

relative density; 2) a saturated condition; and 3) rapid, large strain cyclic loading normally 

induced by earthquake ground shaking.  Liquefaction can result in loss of foundation bearing 

capacity, differential settlements, and lateral spreading.  Traditionally, a depth of 50 feet has 

been used as the depth of analysis for the evaluation of liquefaction. 
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Based on a liquefaction susceptibility map generated from the Association of Bay Area 

Governments (ABAG) geographic information systems (GIS) and reproduced in this report as 

Figure 3-7 (primarily based on Knudsen, et al, 2000 data), the northern portion of the project 

alignment, just south of Laguna de Santa Rosa Creek to Rohnert Park, is underlain by soils that 

reportedly have a high potential for liquefaction.  The southern portion of the alignment, between 

the Old Redwood Highway Interchange and the Pepper Road on-ramp, which includes Willow 

Brook, is also mapped as an area of “high” liquefaction susceptibility.  The remaining central 

portion of the alignment is mapped as having a “very low” level of susceptibility to liquefaction. 

Based on a review of the boring and CPT completed for this bridge, the post-liquefaction ground 

surface settlement was estimated and summarized in the following Table 3-1. 

Table 3-1:  Estimated Post Liquefaction Ground Surface Settlement (GSS) at Willow 

Brook Bridge 

Boring / CPT 

Number 

Depth to Top 

of  Layer (feet) 

Layer 

Thickness (feet) 

Estimated Ground Surface 

Settlement (inch) 

23 7 3/4 

40 6 1¼ NB05 

46 3 < 1/4 

22 4 3/4 

30 2 1/2 

39 1 < 1/4 
CT06 

47 1 < 1/4 

 

As shown in the above table, GSS is about 2¼ inches at NB05 and 1¾ inches at CT06.  Since 

GSS exceeds ½ inch, downdrag on the CISS is a design concern at these locations.  In summary, 

potentially liquefiable sands were encountered in recent exploration NB05 at depths of 

approximately 23, 40 and 46 feet; potentially liquefiable sands and silts were identified in CT06 

at depths of approximately 22, 30, 39 and 47 feet.  These deposits range in thickness from 1 to 7 

feet. 

We estimated post-liquefaction settlement at CT06 using the computer program LIQUEFY PRO 

for a peak ground acceleration (PGA) of 0.5g and design earthquake moment magnitude, Mw, of 

7.0.  Our analysis suggests that total post-liquefaction settlement on the order of 1¾ inches could 

occur.  In addition, we analyzed post-liquefaction settlement of the medium dense sand layers 

encountered in Boring NB05 for the same PGA and design earthquake, correcting the measured 

driving resistance (blow counts) in the field for hammer type, sampler size, overburden pressure, 

rod length, and fines content; the magnitude of settlement at this boring location is estimated to 

be about 2¼ inches.  Copies of these calculations are included in Appendix E.  Based on the 

depth and extent of these deposits, the likely consequence of liquefaction will be settlement; 

lateral spreading or other types of slope instability are unlikely. 
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3.4 GEOLOGICAL PROFILES AND ENGINEERING PARAMETERS 

The LOTBs presented in Figures 3-4b and 3-4c are based on our review of previous 

investigations and current field information and laboratory testing from our exploratory borings 

at the proposed foundation support locations.  Engineering soil parameters were selected from 

laboratory test results as well as engineering judgment and local experience. 

The undrained shear strength, internal friction angle (for granular soil), relative density, dry unit 

weight and moisture content are the engineering soil parameters used in our foundation design 

and analysis.  Atterberg limits tests were performed for classification of soils.  In general, 

unconfined compression tests were performed on cohesive soil samples to estimate the undrained 

shear strength.  Some disturbance may occur while sampling cohesive soils; therefore 

unconfined compressive strengths in localized areas can be lower than the insitu field conditions.  

Consequently, engineering judgment and local experience were applied in our interpretation of 

the laboratory test results.  The relative density of cohesionless soils was estimated from vertical 

effective stress and Standard Penetration Resistance, N blows per 1 foot based on correlations 

developed by Gibbs and Holtz (DM7.1 – 87, 1986).  Where non-standard sampler sizes were 

used, such as the modified California sampler (2½ inches outside diameter), a correction factor 

was applied to the observed blows per 1 foot to estimate the Standard Penetration Resistance, N 

values. 

A generalized soil profile is presented in Figure 3-5 illustrating the layering of the various soil 

strata and summarizing the corresponding geotechnical parameters.  It should be noted that this 

profile was developed based on extrapolation of available data from the borings drilled for this 

investigation and previous explorations by others and, therefore, may differ from actual 

conditions. 
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4 Section 4 FOUR  Soil  Corrosion  Ev aluation 

4.1 CORROSION EVALUATION 

An assessment of the potential for corrosion of various buried foundation and pipe structures was 

performed by V& A Consulting Engineers (V&A).  The results of their investigation are 

presented in Appendix F.  The following paragraphs include their summary, conclusions, and 

recommendations. 

4.2 SUMMARY 

V&A was retained by URS Corporation to perform a Soil Corrosivity Investigation for the 

Highway 101 HOV Lane Project, 0.8 kilometer south of the Old Redwood Highway in Petaluma, 

California, to the Rohnert Park Expressway Overcrossing in Rohnert Park, California.  The 

objective of this investigation is to measure various soil parameters and evaluate the results to 

determine the corrosivity of the soil to the proposed Willow Brook Bridge (widen) for the 

Highway 101 HOV Lane project.  Corrosivity was determined for materials of the proposed 

project structures to depths ranging from 0 to 20 feet below grade. 

The California Department of Transportation, Division of Engineering Services, Materials 

Engineering and Testing Services, Corrosion Technology Branch has published “Corrosion 

Guidelines” (Guidelines) to define corrosive soil.  The Guidelines consider soil to be corrosive to 

structural elements (steel reinforced concrete) if one or more of the following conditions exists 

for water or soil samples: 

“Chloride concentration is 500 ppm (mg/kg) or greater, sulfate concentration is 

2,000 mg/kg or greater, or the pH is 5.5 or less.” 

A wide variety of soluble salts is typically found in soils.  Two soils having the same resistivity 

may have significantly different corrosion characteristics, depending on the specific ions 

available.  The major constituents that accelerate corrosion are chlorides, sulfates and the acidity 

(pH) of the soil.  Chloride ions tend to break down otherwise protective surface deposits, and can 

result in corrosion of reinforcing steel in concrete structures.  Sulfates in soil can be highly 

aggressive to portland cement concrete by combining chemically with certain constituents of the 

concrete, principally tricalcium aluminate.  This reaction is accompanied by expansion and 

eventual disruption of the concrete matrix.  High concentrations of bicarbonates tend to decrease 

soil resistivities.  Although bicarbonates are not aggressive to concrete, lower resistivity 

environments can promote corrosion activity. 

Acidity, as indicated by the pH value, is another important factor of soil.  The lower the pH (the 

more acidic the environment), the higher will be the corrosivity with respect to buried metallic 

and concrete structures.  As pH increases above 7 (the neutral value), conditions become 

increasingly more alkaline and passive to buried structures. 

Evaluation of the in-situ soil environment was made in terms of potential damage to structures 

due to corrosion.  Soil resistivity measurements were conducted in the field during the initial 

stages of the work.  In addition, soil samples collected by URS during the geotechnical 

investigation were forwarded to Cooper Testing Laboratory in Palo Alto, California for chemical 

analysis.  The soil samples were analyzed for minimum resistivity, pH, water-soluble chloride 
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ion concentration, and water-soluble sulfate ion concentration, in accordance with the 

Guidelines.  The results are summarized in the following table. 

Table 4-1:  Soil Corrosion Test Results Summary 

Sample ID 

Minimum 

Resisitivity 

(ohm-cm) 

pH 
Chloride 

Content (mg/kg) 

Sulfate Content 

(mg/kg) 

NB05, 2 1,041 7.9 9 <5 

NB05, 3 581 7.6 6 <5 

 

As shown above, the pH values of the soil samples analyzed range from 7.6 to 7.9.  The water-

soluble chloride ion concentrations of the soil samples analyzed range from 6 milligrams per 

kilogram (mg/kg) to 9 mg/kg.  The water soluble sulfate ion concentrations of the soil samples 

analyzed were below the minimum detection level of 5 mg/kg. 

4.3 CONCLUSIONS 

Soil samples were obtained for corrosion analysis at Boring Location NB05.  Based on the 

results, the following conclusions can be drawn: 

• The chloride ion concentration for soil samples collected from Boring NB05 ranges from 

6 milligrams per kilogram (mg/kg) to 9 mg/kg and is considered non-corrosive. 

• The sulfate ion concentration for soil samples collected from Boring NB05 is less than 

the minimum detection level of 5 mg/kg and is considered non-corrosive. 

• The pH of soil samples collected from NB05 ranges from 7.6 to 7.9 and is considered 

non-corrosive. 

Also the proposed structure is not within 1,000 feet of salt or brackish water.  Therefore, the site 

can be classified as non-corrosive. 

 

4.4 RECOMMENDATIONS 

4.4.1 Buried Reinforced Concrete Structures, Prestressed Concrete Piles, and  
Cast-in-Place Concrete Piles 

Buried concrete structures should be constructed of durable concrete as described in Section 8.22 

of the Caltrans Bridge Design Specifications and ACI Standards 201.2R and 222R.  These 

recommendations include, but are not limited to, the following: 

• The water/cement ratio should not exceed 0.50. 

• A concrete cover of a minimum of 2 inches should be applied over all steel reinforcement. 

• Salt-free sand and potable water should be used. 

• Type II modified cement should be used.  

• The concrete should be allowed to cure according to the manufacturer’s recommendations. 
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4.4.2 Steel Pipe Piles 

Based on the results of the corrosion analyses, the site is considered non-corrosive to steel pipe 

piles.  Fill materials should be tested for corrosivity, and if they are found to be corrosive, then 

the recommendations in the Guidelines for steel pipe piles in corrosive soil should be followed. 

A conservative approach for the design of pipe piles would be to assume that corrosion will 

occur at a rate of 0.001 inch per year between grade and a depth 3 feet below the water table, in 

accordance with the Guidelines.  The renewable supply of oxygen typically available in this 

region of soil sustains corrosion and the corrosion allowance in accordance with the Guidelines 

is recommended.  It is important to note that structural considerations for pipe piles may require 

increases in metal wall thickness to withstand both installation and structural loadings, as they 

have not been considered in this analysis. 
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5 Section 5 F IVE Seismic Dat a and Evaluation 

5.1 SEISMIC DESIGN METHODOLOGY AND RESOURCES 

The seismic design methodology adopted for this project is based on the following current 

Caltrans standards: 

1. Seismic Design Criteria (SDC), v 1.3, February 2004 

2. Guidelines for Foundation Investigations and Reports, v 2.0, dated March 2006 

3. California Seismic Hazard Map (Mualchin, 1996) 

5.2 PEAK BEDROCK ACCELERATION 

The closest active fault to this section of Highway 101 is a portion the Rodgers Creek fault 

(RCF).  This fault is designated with a Maximum Credible Earthquake (MCE) moment 

magnitude of 7.0 by the Working Group on Northern California Earthquake Probabilities 

(WGNCEP, 2003).  The location of this fault and associated peak bedrock acceleration (PBA) 

contours were obtained from the California Seismic Hazard Map (Mualchin, 1996).  The 

horizontal distance from the site to the Rodgers Creek fault is 5 miles, with a corresponding PBA 

contour of 0.4g based on the California Seismic Hazard Map and 0.45g based on work by others 

(Sadigh, et al, 1997). 

5.3 FAULT TYPE, NEAR-FIELD, AND SPECTRAL ACCELERATION INCREASES 

The technical report that accompanies the California Seismic Hazard Map (Mualchin, 1996) 

indicates that the controlling fault has strike-slip displacement.  Therefore, in accordance with 

Caltrans design procedures referenced above, an increase in design spectral accelerations is not 

required for fault type.  However, since the project site is less than 9.3 miles from the nearest 

active fault, design spectral accelerations should be modified to account for near-field effects as 

follows: 

 

Table 5-1:  Spectral Acceleration Increase for Near Field Effects 

Period (sec) Increase in Spectral Acceleration (%) 

< 0.5 0 

0.5 – 1.0 0 – 20 (determined by linear interpolation) 

 >1 20 

 

Since the fundamental periods of the structures at the site are unknown at this time, the spectral 

accelerations have not been adjusted for the effect of fundamental period.  If the fundamental 

period of the structure is determined to be greater than 1.5 seconds, then an adjustment should be 

made in accordance with Caltrans design procedures.   
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5.4 SOIL PROFILE TYPE AND DEPTH TO RCOK-LIKE MATERIALS 

As-built LOTBs for Willow Brook indicate interbedded soft to stiff clays and compact sands to a 

depth of approximately 33 feet, underlain by cemented sand and gravel to a depth of 60 feet.  

The 2006 exploratory data reveal that stiff to very stiff clays and medium dense to very dense 

sands extend to a depth of at least 70 feet.  Although the maximum depth of exploration did not 

reach 100 feet, regional geology suggests the soils become stiffer and denser with increasing 

depth.  Accordingly, this bridge site can be classified as a stiff soil site or Soil Profile Type D 

pursuant to the guidelines given in Table B.1 in SDC, Version 1.3, February 2004. 

5.5 DESIGN ACCELERATON RESPONSE SPECTRA 

The design seismic response spectrum for the bridge structure was developed following the 

guidelines presented in the Caltrans SDC, Version 1.3 and can be summarized as follows: 

• Soil profile type  

• Maximum Credible Earthquake (MCE) Magnitude  

• Peak bedrock acceleration  

• ARS increase for fault-type  

• ARS increase for near-field effect 

 

The standard Acceleration Response Spectrum (ARS) corresponding to moment magnitude of 

controlling event (Mw 7.25 + 0.25), and a PBA of 0.5g, was obtained from SDC for a soil site 

class D (Figure B.8).  We believe the standard ARS is appropriate since the highway structure 

will be founded on soil.  No modifications were required for fault type and long-period structure 

as described above.  However, the spectrum was adjusted to include the effect of near-field as the 

controlling fault is less than 9.3 miles from the site.  The resulting acceleration response 

spectrum is presented in Figure 5-1 and the spectral values are provided in Table 5-2 below. 

Table 5-2: Recommended Spectral Acceleration Values for  

Willow Brook Bridge 

T (sec) Sa *  (g) Sa ** (g) 

0.010 0.5003 0.5003 

0.020 0.5003 0.5003 

0.030 0.5002 0.5002 

0.050 0.5002 0.5002 

0.075 0.7192 0.7192 

0.100 0.9186 0.9186 

0.120 1.0367 1.0367 

0.150 1.1564 1.1564 

0.170 1.2091 1.2091 

0.200 1.2591 1.2591 

0.240 1.2660 1.2660 

0.300 1.2467 1.2467 

0.400 1.1898 1.1898 

0.500 1.1249 1.1249 
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Table 5-2: Recommended Spectral Acceleration Values for  

Willow Brook Bridge 

T (sec) Sa *  (g) Sa ** (g) 

0.750 0.9438 1.0382 

1.000 0.7722 0.9267 

1.500 0.4839 0.5807 

2.000 0.3213 0.3856 

3.000 0.1698 0.2038 

4.000 0.1064 0.1277 
* From Caltrans Seismic Design Criteria 

** Modified values for near fault effects 

 
 



SECTIONSECTIONSECTIONSECTIONSIX As-Built 

 X:\101-SONOMA\GEOTECH\REPORT\FOUNDATION REPORTS\WILLOWBROOK\WILLOWBROOK_REV3_1_20090924.DOC 6-1 

 
6 Section 6 SIX As-Built 

6.1 AS-BUILT FOUNDATION DATA 

Originally constructed in 1956, the Willow Brook Bridge is a 70-foot long, three-span, 

reinforced concrete continuous deck slab structure as shown on the as-built drawings (Contract 

No. 54-4TC-63F).  The plans indicate that the two abutments and two bents are supported on 

circular reinforced concrete pile extensions.  As shown on the Standard Pile Details sheet, Cast-

in-Place Concrete Piles, Alternative “Z,” were used for the foundation piles with column 

extensions supporting the bridge deck and abutments.  The concrete piles were installed by first 

driving a steel shell extending from 1 foot below ground surface to the pile tip elevation.  Then, 

the steel shell was filled with concrete to form the pile; concrete extension continued to the 

cutoff elevations to complete the column.  The steel shell tapered from a diameter of 15½ inches 

at the butt to a minimum diameter of 8 inches at the tip.  The concrete extension was 15½ inches 

in diameter.  Recorded pile tip elevations range from Elevation –3 feet to –1 foot at the 

abutments (Abut 1 and Abut 4) and from Elevation –7.8 feet to –4 feet at the bents (Bent 2 and 

Bent 3).  These piles were designed for a load of 32 tons; we assume this refers to an axial, 

compressive load for the service condition. 

The survey datum on the project profiles, Sheets 5 to 26 of the 1954 plan set, is listed as C.H.C. 

(3.4 feet above MLLW datum). 

Copies of pertinent as-built structure plans are presented in Appendix B. 
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7 Section 7 SEVEN  Discussion  and R ecommendations 

The proposed bridge is underlain predominantly by medium to very stiff lean and fat clay and 

medium dense to very dense silty and clayey sand.  The principal geotechnical issues at the site 

are: 

• Selection of the type and depth of foundation that will be compatible with the underlying 

soils,  

• Construction issues associated with the proximity of proposed new piles to existing piles, 

• Post-liquefaction settlement of potentially liquefiable soils encountered near the bridge,  and 

• Stability of embankment slopes. 

 

We understand that the project Structural Engineer has elected to use 18-inch diameter CISS 

piles at the abutments, with pile extensions at the bents. 

Because pockets of potentially liquefiable soils were encountered in both explorations, consistent 

with Caltrans requirements, we have included the estimated average downdrag force down to 

approximately Elevation 0 feet associated with post-liquefaction settlement in the design pile tip 

elevations presented in Section 7.1.  The maximum downdrag force is estimated to be 

approximately 115 tons at Abutments 1 and 4, and approximately 49 tons at the bents. 

7.1 PILE DESIGN CAPACITY AND TIP ELEVATION 

7.1.1 Axial Pile Capacity Analysis 

Based on our review of the subsurface conditions encountered in the current borings and 1954 

as-built borings, in our opinion, the proposed structure widening can be supported on cast-in-

steel-shell (CISS) closed end piles as planned.  This pile type is appropriate, considering the 

relatively shallow groundwater (about 20 feet below ground surface) and deeper saturated silty 

sand and sand layers that are prone to cave-in. 

The specified tip elevations presented in the following Table 7-1: “Pile Data Table” are based on 

end-bearing resistance developed in the dense sand stratum below Elevation -10 feet.  The 

estimated pile embedment included additional penetration requirements to resist potential 

downdrag loads that could act on the piles due to post-construction liquefaction induced 

settlement. 

 

Table 7-1:  Pile Data Table 

Location Pile Type 

Design 

Loading 

Service 

(kips) 

Nominal 

Resistance 

Compression 

(kips) 

Nominal 

Resistance 

Tension 

(kips) 

Design Tip 

Elevation 

(feet) 

Specified 

Tip 

Elevation 

(feet) 

Abutment 1 
CISS  

PP 18x0.5 
90 180 0 

-14 (1) 

-3 (2) 
-14 

Bent 2 

 

 

CISS  

PP 18x0.5 
NA 280 0 

-16 (1) 

-5 (2) 
-16 
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Location Pile Type 

Design 

Loading 

Service 

(kips) 

Nominal 

Resistance 

Compression 

(kips) 

Nominal 

Resistance 

Tension 

(kips) 

Design Tip 

Elevation 

(feet) 

Specified 

Tip 

Elevation 

(feet) 

 

Bent 3 

CISS  

PP 18x0.5 
NA 280 0 

-16 (1) 

-5 (2) 
-16 

Abutment 4 
CISS  

PP 18x0.5 
90 180 0 

-14 (1) 

-3 (2) 
-14 

Design tip elevation is controlled by the following demands: (1) Compression, (2) Lateral 
 

The results of our axial pile capacity analysis, which form the basis of our selection of the design 

tip elevations, are presented in Appendix G. 

No group reduction factor needs to be applied to the single pile compression load capacities 

presented above provided a center to center spacing of at least three pile diameters is used. 

7.1.2 Lateral Load Capacity 

The driven pile foundations are capable of resisting lateral loads.  Resistance to lateral loads can 

be developed by bending of the pile and by pile-soil interaction.  The magnitude of the lateral 

load resistance that can develop depends upon several factors such as the pile size, the physical 

properties of the surrounding soils, and the structural design of the pile.  We used LPILE 4.0 

(Reese et al., October 2000) to assist in estimating the lateral load resistance of 18-inch CISS 

piles.  The program models the soil response in the form of load-deflection (p-y) curves.   

Output files for laterally loaded piles at the abutments and bents are presented in Appendix H 

and include deflection versus depth, bending moment versus depth, shear versus depth, slope 

versus depth, and total stress versus depth.   

Based on the foundation plan provided, it appears that piles will be installed in single row; 

therefore, no reduction would be required to the group efficiency provided that a minimum three 

pile widths spacing is used between piles.   

If additional lateral capacity is needed beyond the lateral load capacity of the piles, passive 

resistance against the abutment walls can be utilized.  For abutments, Caltrans limits the soil 

resistance at the back wall to a 5.5 feet wall height and a maximum uniform soil pressure of 

5,000 pounds per square foot.  For wall heights less than 5.5 feet, the average unit pressure 

should be reduced linearly in proportion to the height.  The recommended values presented 

above are ultimate values, and should be used with an appropriate factor of safety.   

7.2 PILE INSTALLATION 

All piles should be installed under the direct observation of the Geotechnical Engineer and in 

accordance with Section 49 of the Caltrans Standard Specifications, “Piling.”  Specific additions 

and modifications to these requirements are discussed below.  However, using water jets and 

pumps to achieve the specified tip elevation should not be permitted. 
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Some hard driving could be experienced between Elevation 5 and -5 where a relatively dense 

sand layer was encountered.  The Contractor should be prepared to predrill an undersized hole, 

where necessary, and as approved by the Geotechnical Engineer, to enhance the installation of 

piles to the specified tip elevations.  An undersized hole is not greater than the least dimenions of 

the pile.  All equipment used for predrilling should be in accordance with Standard 

Specifications, Section 49-1.05, Driving Equipment.  In addition, the maximum depth of 

predrilling should not extend deeper than 10 feet above the specified tip elevation.  Each pile 

should be driven immediately after the hole is predrilled to minimize cave-in problems. 

The Contractor should submit evidence of compatibility of the proposed pile hammer with the 

pile type and soil conditions at the site.  The Contractor’s hammer submittal should include, as a 

minimum, a dynamic analysis of the pile driving system that is based on wave equation analysis 

using computer programs such as WEAP.  Acceptance criteria for driven piles should follow 

Caltrans Standard Specifications Section 49-1.08, Pile Driving Acceptance Criteria as well as 

Special Provisions 49-228, Redriving.  Driven piles reaching refusal within 10 feet of the 

specified tip elevation and meeting the acceptance criteria may be cut-off above the tip elevation 

required by the compression loads.  This assumes that the design lateral load and tension load tip 

elevations have been reached (see Pile Data Table).  Preliminarily, we recommend that the 

refusal criteria be two times the minimum required blowcount.  However, refusal criteria will be 

defined later based on the pile driving system proposed by the Contractor. 

7.3 APPROACH EMBANKMENT SETTLEMENT 

We evaluated settlement of the approach embankment due to placement of less than 3 feet of 

new fill to the grades shown on the ‘ML’ Line profile.  Based on our analysis, we estimate that 

settlement on the order of less than ½ inch could occur along the approach centerline at the 

abutments.  We estimate that approximately 90% of this settlement should occur within one 

month of fill placement assuming the full embankment width is constructed at one time.  In our 

opinion, surcharging is not necessary.  

7.4 SLOPE STABILITY 

Based on topographic data, it appears that the existing slopes along Willow Brook Creek at the 

proposed widened bridge are inclined at about 2:1 (horizontal:vertical).  The General Plan 

(Figure 2-1) for the structure indicates that no rock slope protection is to be placed along the 

slope, inclined at 2:1.  The hydraulic report (Wreco, March 2009) presented in Appendix D states 

“In order to avoid structural damage, and/or undermining, the additional pier foundations for the 

proposed bridge widening should be constructed below the estimated total scour depth or to the 

bedrock layer.  Furthermore, any plans for the modification or replacement of existing piers and 

pier foundations should provide scour protection by placing scour countermeasures such as 

appropriately sized rip-rap.”   

The embankment soils consist primarily of stiff to very stiff sandy lean clay, lean clay and fat 

clay with a medium dense silty sand layer down to about Elevation 3; in our opinion, these soils 

are sufficiently strong to support the proposed 2:1 slopes.  
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Based on our analyses, the computed minimum (critical) factor of safety at Abutments 1 and 4 

are 3.3 and 3.2 respectively, for static stability.  The computed factor of safety (FOS) values 

exceed the minimum required value of 1.5 mentioned in Section 5.2.2.3 of Bridge Design 

Specifications (August 2004).  The results of slope stability analyses are presented in Appendix I 

as Figures I-1 and I-2.   

For earthquake loading conditions, we performed a pseudo-static analysis to determine the 

failure surface for a seismic coefficient equal to one-third the peak horizontal bedrock 

acceleration of 0.5g (for Rodgers Creek fault, see Section 5.2 “Peak Bedrock Acceleration”) 

anticipated at the site.  As shown in Figures H-3 and H-4 (Appendix I), the computed FOS 

values for earthquake loading are both 1.9 for Abutments 1 and 4; this value exceeds the 

minimum required value of 1.0 for design of walls. 

In addition, a medium dense sand layer (N=23 blows per foot) was encountered in boring NB05 

between depths of 23 and 30 feet.  As discussed previously in Section 3.3.7 “Liquefaction 

Potential”, this layer is potentially liquefiable.  Due to its close proximity to the channel bottom, 

consideration was given to the possibility of lateral spreading.  Consequently, we performed 

post-liquefaction slope stability analyses using residual strengths estimated for the potentially 

liquefiable sand layer.  Both circular and wedge shaped slip surfaces were included in the 

analyses and the results are summarized in Table 7-2.  The graphical presentation of the results 

of these analyses are presented in Appendix I (Figures I-5 through I-8). 

Table 7-2:  Summary of Post Earthquake Stability Analyses 

Factory of Safety 

Figure 

No. 

Abutment 

No. Minimum* 

Required 
Estimated 

Residual 

Undrained 

Shear Strength 

(psf) 

Slip Surface 

H-5 1 1.3 3.0 950 Circle 

H-6 1 1.3 2.2 950 Wedge 

H-7 4 1.3 2.9 950 Circle 

H-8 4 1.3 2.4 950 Wedge 

        *Assumed 

The FOS against undrained loading simulating conditions immediately after liquefaction are all 

above 1.3.  Therefore, we conclude that lateral spreading is unlikely at Abutments 1 and 4 of the 

Willow Creek Bridge. 

7.5 APPROACH FILL EARTHWORK 

All earthwork should be completed in accordance with the applicable sections of the Caltrans 

Standard Specifications and as described in the URS companion Geotechnical Design and 

Materials Report for the Highway 101 HOV Widening Project. 
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7.6 ABUTMENT EXCAVATION 

Footing/pile cap areas should be excavated as required to bring those areas to their finish 

subgrade elevations.  All loose soil should be removed from the exposed subgrade prior to 

footing construction.  Because shallow groundwater is not expected to be encountered during 

excavation of the pile cap footings at the abutments, we recommend the type of excavation be 

classified as Structure Excavations (Bridge) in accordance with the Bridge Design Aids, March 

2005. 
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8 Section 8 EIGHT  Construction Considerations 

8.1 TEMPORARY CONSTRUCTION EXCAVATION 

We anticipate that excavation into the embankment fills or native soils for construction of the 

abutments will result in temporary near vertical unsupported soil faces as high as about 7 feet.  

Safety standards set by OSHA limit the height of unshored vertical excavations to 5 feet if 

construction personnel will be working in the excavations.  The set of guidelines published by 

OSHA (Department of Labor, Occupational Safety and Health Administration, 1989), classifies 

soils in detail as Type A, B, or C.  In general, Type A soils are stronger, Type B soils are 

intermediate, and Type C soils are weaker.  Based on the soil type, depth, duration the 

excavation is open, and sequence of soils exposed in the excavation, OSHA recommends 

maximum allowable slopes.  For example, for excavations 20 feet or less in depth through 

homogeneous soils, they state that maximum allowable slopes (horizontal to vertical) should be 

¾ to 1, 1 to 1, and 1½ to 1 for Type A, B, and C soils, respectively.  Based on the strengths of the 

soils encountered in our recent borings, the existing embankment fills in the vicinity of the 

abutments are considered to be OSHA Types A and B, while the underlying native soils are 

considered to be OSHA Type A.   

The guidelines provided by OSHA are for trench excavations; they state that there is uncertainty 

as to when and to what degree an employer must slope, shore, or otherwise protect employees in 

a “non-trench” excavation.  In consideration of these factors, we recommend that temporary cut 

slopes in the existing embankment fills and native soils not exceed 1 to 1 during construction.   

For locations where excavation with sloping sides is not viable because of space limitations or in 

areas where temporary slopes steeper than 1:1 are planned, shoring will be required.  The 

Contractor should retain an experienced Registered Civil Engineer to design the shoring system.   

8.2 CONSTRUCTION DEWATERING 

The bottom of footing at the abutments is expected to be about 10 feet above the highest 

measured groundwater level; therefore it is unlikely that groundwater will be encountered in 

footing excavations.  However, if some surface water infiltration is encountered during 

construction, we anticipate that dewatering can be accomplished with standard sumping 

procedures. 

8.3 PILE CUTOFF 

When driven piles develop the required compressive capacities before reaching the specified tip 

elevation, the Contractor may be given the option, with the Geotechnical Engineer’s approval, to 

stop driving and cut off the piles.  Pile cut-off should be approved only if the piles also have 

satisfied the tension and lateral demand requirements, and the structural capacity has not been 

compromised.  For maximum pile cut-off length, refer to the Standard Plans (Caltrans, 2004). 
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8.4 EFFECTS OF CONSTRUCTION WORK ON ADJACENT STRUCTURES 

Efforts shall be made to minimize effects of construction work on adjacent structures.  These 

situations may result from pile-driving vibration, or settlement due to dewatering or excavation.  

A monitoring program may be required for pile driving at, or adjacent to, existing structures that 

are susceptible to damage or sensitive to noise and/or vibration to assure a presumptive threshold 

will not be exceeded. 
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9 Section 9 N INE Limit ations 

The opinions, conclusions and recommendations presented in this Foundation Report are based 

on information obtained from new and previous explorations made at widely separated locations, 

site reconnaissance, review of available topographic information and historic data, and upon 

local experience and engineering judgment.  

The recommendations presented in this report are based on the assumption that the soil and 

geologic conditions do not deviate substantially from those encountered in the exploratory boring 

and CPT. If any variations are encountered during construction, URS should be contacted so that 

supplementary recommendations can be made.   

If the planned construction is changed from that presently conceived, URS should be retained to 

review the changes and make modifications to the original recommendations presented in this 

report in order to meet the project needs. 

The Geotechnical Engineer should review the final specifications and drawings to verify that 

these documents are consistent with the intent of the geotechnical recommendations.  

Geotechnical issues may arise during construction that are not apparent at this time.  URS should 

be retained during construction to review the soil conditions encountered and the construction 

procedures.  All earthwork and testing should be done under the direct observation of a 

representative of our firm. 

The elevations shown on the new LOTBs are based on interpolation from spot and contour 

elevations shown on available topographic maps. 

As-built drawings pertinent only to the geotechnical investigation are included. 

Specific review and investigation for environmental issues and subsurface environmental 

contamination were beyond the scope of our services. 

The opinions and recommendations presented in this Foundation Report were developed with the 

standard of care commonly used as state of the practice in the profession.  No other warranties 

are included, either express or implied, as to the professional advice provided in this report. 
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Base Flood 
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

1 to 2

2 to 4

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

1 to 2

2 to 4

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

< 0.12

0.12 to 0.25

0.25 to 0.50

> 2.0

0.50 to 1.0

1.0 to 2.0

Description

Unconfined

Compressive

Strength (tsf)

Pocket

Penetrometer

Measurement (tsf)

Torvane

Measurement (tsf)

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

Size

Size

S
iz

e
S

iz
e

PLASTICITY OF FINE-GRAINED SOILS

A 1/8-inch thread cannot be rolled at any water content.Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

3"

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

1"

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
ti

o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

CONE PENETRATION TEST (CPT) SOUNDING

2

on tip element

Hole I.D.

L
o
c
a
ti

o
n
 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Hand driven (1-inch soil tube)

Hand Auger

Note: Size in inches.

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted) Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Size of Sampler 

(inches)

1 5

WILLOW BROOK BRIDGE (WIDEN)

LOG OF TEST BORINGS (1 of 5)

SOIL LEGEND 
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)

> 12"

No. 4 to 3/4"

SPT N   (Blows / 12 inches)

3/4" to 3"

3" to 12"

2 5

WILLOW BROOK BRIDGE (WIDEN)

LOG OF TEST BORINGS (2 of 5)

SOIL LEGEND 
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2 inch diameter samples were retrieved using

a Modified California Sampler with an inside

diameter (ID) of 2 inches and an outside diameter

(OD) of 2 1/2 inches.

 

1 3/8 inch diameter samples were retrieved using

a Standard Penetration Test Sampler with an ID of

1 3/8 inch and an OD of 2 inches.

 

3 inch diameter samples were retrieved using a

Shelby Tube Sampler with an ID of 2 7/8 inches

and a OD of 3 inches.  The sampler was hydraulically

pushed at sample depth intervals in soft clays

and silts.  For samples in soft rock, the Shelby

Tube formed the inner tube of a Pitcher Barrel

sampler.  A Pitcher Barrel sampler combines a

Shelby Tube (protruding out the bottom) with the

ability for overcoring.

 

Blow counts shown in boring logs are actual field

blow counts; no adjustment for sampler type was

made.

 

Sample penetration was based on a safety hammer

weighing 140 pounds, falling 30 inches, raised and

released by the rope and pulley technique.

 

The CPT soundings were performed in accordance

with ASTM Standard D 5778-95.  The cone has a tip

area of 2.325 square inches and friction sleeve

area of 34.875 square inches.  The cone is

designed with an equal end area friction sleeve

and a tip end area ratio of 0.85.

 

Design groundwater level is assumed to be El. 

27.5 feet.

FIGURE 3-4b

SILTY SAND (SM); medium dense; bluish gray; moist.

Very stiff; less sand.
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Fat CLAY (CH); stiff; black; moist.

SANDY lean CLAY (CL); very stiff; light brown; moist; fine

SAND; low plasticity fines.

Grayish brown.

SILTY SAND (SM); medium dense; bluish gray; moist.

Lean CLAY with SAND (CL); medium stiff; gray; moist.

Very stiff; less sand.

SILTY SAND (SM); medium dense; grayish brown; moist; trace

fine GRAVEL.

Well-graded SAND with CLAY and GRAVEL (SW-SC); medium

dense; brown; moist; fine GRAVEL.

Lean CLAY (CL); hard; brown; moist.

SILTY SAND (SM); very dense; light brown; moist.
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Highway 101 HOV Lane
Project Liquefaction Susceptibility Map

Sonoma County, California Figure
3-7

Note:

Street names added for clarity.
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Figure
5-1

RECOMMENDED
ACCELERATION RESPONSE SPECTRA

Project No. 28649739
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Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) 
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OSFP Rev Form 10/29/08      Page 1 of 3 

Office of Special Funded Projects 

Comment & Response Form 
 

.General Project Information Review Phase Reviewer Information 

 PSR/PDS (Review No.  ) 

 APS/PSR (Review No.  ) 

 APS/PR (Review No.  ) 

Type Selection 

 65% PS&E Unchecked Details  

 PS&E (Review No. 1)  

 Construction Support 

 Other:      

Structure Information 
(Use when necessary to document comments by individual structure) 

Dist:        EA: 0A1831. 
 

Project  Name: Willow Brook 

Bridge 
 

OSFP Liaison:  T. Bertram 

   Phone: 916-227-8397 

   e-mail: 

tracy_bertram@dot.ca.gov 

Structure Name: Median widening of Willow Brook Bridge 

Br No: 20 0161 

Reviewer Name:S.Awad/S.Yang   
Functional Unit:327. 

Cost Center:59 

     Phone Number: 510-622-5443/510-286-4808    

     e-mail: samuel_awad@dot.ca.gov     

 

Date of Review: 07/29/09     

Consultant Information (to be filled in by Consultant) 
Consultant Structure Lead (First and Last Name) 

     . 
Structure Consultant Firm 

URS 

Phone Number 

408-297-9585 

e-mail 

      

Response Date 

September 24, 2009 

 

# 
Doc. 

(See Note 1) 

Page, 

Section, or 

SSP Review Comments  Consultant Responses  
1 90% 

Foundation 

Report 

Bridge No. 

20 0161 

3.1.2 Site 

Geology 

The Foundation Report references a geologic map 

and report written by “…Fox et al. 1973.” There is 

no map attached or the report is not reference in the 

reference section. Please attach a geologic map and 

reference the geologic report in the reference 

section. 

Will include the geologic map by Fox et al. 1973 in the 

report as Figure 3-1.   

 

2 90% 

Foundation 

Report 

Bridge No. 

20 0161 

3.3.1 

Geologic 

Resources 

Caltrans Seismic Hazard Map has been updated in 

September 2007, which is based on the New 

Generation Attenuation Relationships developed for 

California. The consultant should contact Caltrans 

Office of Earthquake Engineering for the latest 

information. 

Per the implementation memo of 8/6/09, the new Seismic 

Design Procedures are effective September 30, 2009 for all 

projects without previous Type Selection Approval. This 

project had its Type Selection Meeting for this bridge in 

September 2006 (three years ago), and is therefore exempt 

from the new Seismic Design Procedures.  

 



Dist-EA:  -0A1831             Str Name (if app.): Median widening of Willow Brook Bridge   Str No. 20 0161 

Reviewer: S.Awad/S.Yang    Functional Unit: 327     07/29/09 

   

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) 

P=Structure Plans SP=Special Provisions FR=Foundation Rpt DC=Design Calcs TS=Type Sel. Report QCC=Quant. Check Calcs 

RP=Road Plans E=Estimate H=Hydraulics Rpt CC=Check Calcs QC=Quant. Calcs  

����= Comment Resolved 
(for Reviewer’s use) 
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3 90% 

Foundation 

Report 

Bridge No. 

20 0161 

3.3.2 Fault-

Related 

Ground 

Rupture 

The dominant faults and fault distances should be 

updated based on the updated Caltrans Seismic 

Hazard Map. 

See response to comment 2.  

       

4 90% 

Foundation 

Report 

Bridge No. 

20 0161 

3.3.6 

Subsidence 

and Seismic 

Compaction 

Seismic compaction should be evaluated based on 

the updated Caltrans Seismic Hazard Map. 

See response to comment 2.  

5 90% 

Foundation 

Report 

Bridge No. 

20 0161 

3.3.7 

Liquefaction 

Potential 

Liquefaction induced settlements should be 

evaluated based on the updated Caltrans Seismic 

Hazard Map. 

See response to comment 2.  

6 90% 

Foundation 

Report 

Bridge No. 

20 0161 

3.3.5 

Flooding 

The Foundation Report references “… FEMA 100-

years flood zone,” but there is no map attached. 

Please attach map showing the 100-years flood 

zone. 

Will include the flood zone map in the report as Figure 3-6.  

7 90% 

Foundation 

Report 

Bridge No. 

20 0161 

4.3 

Conclusions 

The statement “ The proposed structure is not within 

1000 ft of salt water”. This statement is not derived 

from laboratory tests; rather, it is a general 

statement. 

We agree. See revised section 4.3 “Conclusions”.  

8 90% 

Foundation 

Report 

Bridge No. 

20 0161 

5.1 Seismic 

Design 

Methodology 

and 

Resources 

Use updated Caltrans Seismic Hazard Map. See response to comment 2.  

9 90% 

Foundation 

Report 

Bridge No. 

20 0161 

5.2 Peak 

Bedrock 

Acceleration 

Please re-evaluate PBA based on updated Caltrans 

Seismic Map. 

See response to comment 2.  



Dist-EA:  -0A1831             Str Name (if app.): Median widening of Willow Brook Bridge   Str No. 20 0161 

Reviewer: S.Awad/S.Yang    Functional Unit: 327     07/29/09 

   

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) 
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10 90% 

Foundation 

Report 

Bridge No. 

20 0161  

5.5 Design 

Acceleration 

Response 

Spectra 

Please re-evaluate ARS curve based on updated 

Caltrans Seismic Hazard Map. 

See response to comment 2.  

11 90% 

Foundation 

Report 

Bridge No. 

20 0161 

Appendix F, 

Bents 2 and 3 

Bottom of pile cap elevation conversion is wrong 

from Metric to English. 10 m converts to about 33 

feet not 40 feet. Please correct it. 

Will revise the pile cap elevation to 12.2 m (40 feet).   

12 90% Plans 

(Initial 

PS&E) 

General Plan, 

page 1 of 13 

The proposed bridge widening does not match with 

the proposed widening in the submitted 100 % 

PS&E from design (General Plan page 1 of 16) 

including widening into the median and joined 

widening at the southwest shoulder with new 

Soundwall on concrete barrier. Please revise it. 

Subsequent to the submittal of the 100% PS&E “Road 

Plans” in April, the District approved a design exception 

that eliminated the outside widening and relocated the sound 

wall. Next submittal of “Road Plans” will contain revised 

structural plans.  
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California Department of Transportation 
Division of Maintenance 

 
Structure Maintenance and Investigations 

 
 
 
 

  BRIDGE 

  INSPECTION 

  RECORDS 

  INFORMATION 

  SYSTEM 

 
 

 
The requested documents have been generated by BIRIS. 

 
These documents are the property of the California Department of Transportation 

and should be handled in accordance with Deputy Directive 55 and the State 
Administrative Manual. 

 
Records for “Confidential” bridges may only be released outside the Department of 

Transportation upon execution of a confidentiality agreement. 
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FIELD EXPLORATION PROGRAM 

The geotechnical field investigation consisted of one geotechnical boring and one cone 

penetration test (CPT), extending to depths of 69½ feet and 59½ feet below the existing 

ground surface, respectively.  The explorations were performed between August 10 and 

24, 2006, by Taber Consultants of Sacramento, California (rotary wash boring), and 

Gregg Drilling and Testing, Inc. of Martinez, California (CPT). 

Boring and CPT locations were carefully selected to obtain supplemental subsurface 

information to provide geotechnical design recommendations for the proposed structure 

while avoiding underground utilities and subsurface obstructions.  Layout of the 

explorations was performed by representatives of URS, and exploration locations were 

checked for conflict with underground utilities by contacting Underground Service Alert 

(USA) Network.  USA, in turn, alerted the various municipalities and utility companies 

that a subsurface investigation was to be conducted near their utilities.  

After underground utility clearance, URS obtained permits from the County of Sonoma, 

Permit and Resource Management Department, Well and Permit Section, and coordinated 

with appropriate personnel to accommodate the required inspection during and following 

exploration at each location. 

Rotary Wash Boring (NB05) 

The rotary wash boring was drilled to provide the necessary information to evaluate the 

subsurface stratigraphy and to allow acquisition of high-quality soil samples for 

laboratory testing.  The boring was drilled and sampled at the location indicated on the 

Site and Boring Location Plan, Figure 3-1.  The boring was advanced to a depth of 69½ 

feet below existing ground surface using a truck-mounted drill rig under the supervision 

of a URS engineer who maintained a record of all field activities, classified the soils 

encountered using the Unified Soil Classification System (USCS), and prepared a log of 

the boring. 

The drilling operation proceeded carefully, with particular attention to potential 

interference with utilities or other buried structures.  During drilling, both disturbed and 

undisturbed samples were obtained for identification and laboratory testing.  Soil samples 

were generally obtained at 5 foot intervals and at changes in strata.  Samples were 

obtained using the Modified California (MC) sampler and Standard Split Spoon sampler 

(SPT).  A brief description of each of these samplers follows: 

• Modified California Sampler (MC): The Modified California Sampler was used 

to obtain relatively undisturbed samples of embankment fill and stiff to hard 

alluvial clays and silts.  This sampler consists of a tube-lined barrel sampler with 

a nominal 2 inch inside diameter and 2½ inch outside diameter.  A 140 pound 

hammer falling through a distance of 30 inches was used to drive the MC 

sampler.  The blow count recorded on the boring logs adjacent to the sample 

depth is the number of blows required to drive the sampler for the final 1 foot of a 

maximum 1.5 foot drive. 
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• Standard Split Spoon Sampler (SPT): The Standard Split Spoon Sampler was 

used to obtain disturbed samples of sand and gravel layers.  The sampler consists 

of a split barrel with a nominal 13
/8 inch inside diameter and a 2 inch outside 

diameter.  The standard penetration resistance of the soil is determined by the 

number of blows required to drive the sampler 1.5 feet into the soil with a 140 

pound hammer falling through a distance of 30 inches. The blow count recorded 

on the boring logs adjacent to the sample depth is the number of blows required to 

drive the sampler for the final 1 foot of a maximum 1.5 foot drive. 

 

One of the objectives of the field investigation was to obtain high-quality undisturbed 

samples for laboratory testing.  Effort was made to minimize sample disturbance during 

sample handling and transportation.  After careful withdrawal from the ground, the 

sample was placed upright and the ends of the sample were cleaned of disturbed soil.  

Where feasible, pocket penetrometer tests were performed on the bottom end of cohesive 

soil samples.  Both ends of the samples were covered with plastic caps, and carefully 

transported to URS’ laboratory. 

Disposal of Cuttings 

All drill cuttings and fluids generated during drilling of rotary wash boring were collected 

in drums for disposal in accordance with applicable local, state, and federal regulations. 

Cone Penetration Test (CT06) 

We also performed one CPT at the location shown on the Site and Boring Location Plan, 

Figure 3-1.  The CPT was advanced to a depth of 59½ feet below existing ground surface 

under the supervision of a URS representative.   

The Cone Penetration Test (CPT) consists of pushing a cone-tipped probe into the soil 

while simultaneously recording the cone tip resistance and side friction resistance to 

penetration.  The CPT was conducted in general accordance with ASTM specification 

(ASTM D3441-79) using an electric cone penetrometer.  The CPT equipment consists of 

a cone assembly mounted at the end of a series of hollow rods.  A set of hydraulic rams is 

used to push the cone and rods into the soil while a continuous record of cone and friction 

resistance versus depth is obtained in both analog and digital form at the ground surface.  

A specially designed all-wheel drive truck is used to transport and house the test 

equipment and to provide a 20 ton reaction to the thrust of the hydraulic rams. 

 

The cone penetrometer assembly consists of a conical tip and a cylindrical friction sleeve.  

The conical tip has a 60-degree apex angle and a projected cross-sectional area of 2.325 

square inches.
 
The cylindrical friction sleeve has a surface area of 34.875 square inches.  

Both the conical tip and the cylindrical friction sleeve have outer diameters of 1¾ inches.  

The interior of the cone penetrometer is instrumented with strain gauges that allow 

simultaneous measurement of cone tip and friction sleeve resistance during penetration.  

Continuous electric signals from the strain gauges are transmitted by a cable in the 

sounding rods to analog and digital data recorders in the CPT truck.   
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Data obtained during a CPT consists of continuous stratigraphic information with close 

vertical resolution.  Stratigraphic interpretation is based on relationships between cone tip 

resistance and friction resistance.  The calculated friction ratio (CPT friction sleeve 

resistance divided by cone tip resistance) is used as an indicator of soil type.  Granular 

soils typically have low friction ratios and high cone resistance, while cohesive or organic 

soils have high friction ratios and low cone resistance.  These stratigraphic material 

categories form the basis for all subsequent calculations that utilize the CPT data. Soil 

interpretation presented on the CPT logs from this investigation was based on recent 

correlations developed by Robertson, 1990, presented on Figure B-1. 

 

LABORATORY TESTING PROGRAM 

A laboratory testing program was carried out to determine the index and engineering 

properties of the major subsurface strata encountered at the site.  The laboratory testing 

program included conventional tests to confirm the existing information on the 

engineering characteristics of the major strata and to refine some of the engineering 

parameters.  These tests were performed at the URS’ laboratory. 

Index Tests 

Index tests were performed on both cohesive and cohesionless soil samples to aid in soil 

classification and in correlation with other engineering parameters.  Index tests included 

Atterberg Limits, moisture content, dry density, and grain size distribution 

determinations.  Atterberg Limits tests were performed in accordance with 

ASTM D 4318.  The moisture content tests were performed in accordance with 

ASTM D 2216.  Dry density was determined in accordance with ASTM D 2937. 

Gradation analyses were performed in accordance with ASTM D 422.  The locations of 

these tests are indicated on the Logs of Test Borings adjacent to the appropriate sample 

depths.  The results are summarized in Table C-1.   

A plasticity chart graphically presenting the results of the Atterberg Limits tests is 

presented on Figure C-2.  Grain size distribution curves are shown on Figure C-3. 

Unconfined Compression Tests 

Unconfined compression tests were performed on select cohesive soil samples to assist in 

determining shear strength parameters.  These tests were performed in accordance with 

ASTM D 2166.  The results of these tests are indicated on the Logs of Test Boring Sheet 

adjacent to the appropriate sample depths. 



Cone Penetration Testing Procedure 
(CPT) 

 
Gregg Drilling carries out all Cone Penetration Tests (CPT) using an integrated 
electronic cone system, Figure CPT.  The soundings were conducted using a 20 ton 
capacity cone with a tip area of 15 cm2 and a friction sleeve area of 225 cm2.  The cone 
is designed with an equal end area friction sleeve and a tip end area ratio of 0.80. 
 
The cone takes measurements of cone 
bearing (qc), sleeve friction (fs) and 
penetration pore water pressure (u2) at 5-
cm intervals during penetration to provide 
a nearly continuous hydrogeologic log. 
CPT data reduction and interpretation is 
performed in real time facilitating on-site 
decision making.  The above mentioned 
parameters are stored on disk for further 
analysis and reference.  All CPT 
soundings are performed in accordance 
with revised (2002) ASTM standards (D 
5778-95). 
 
The cone also contains a porous filter 
element located directly behind the cone 
tip (u2), Figure CPT.  It consists of porous 
plastic and is 5.0mm thick. The filter 
element is used to obtain penetration pore 
pressure as the cone is advanced as well 
as Pore Pressure Dissipation Tests 
(PPDT’s) during appropriate pauses in 
penetration.  It should be noted that prior 
to penetration, the element is fully 
saturated with silicon oil under vacuum 
pressure to ensure accurate and fast 
dissipation. 
 
When the soundings are complete, the test holes are grouted using a Gregg support rig.  
The grouting procedures generally consist of pushing a hollow CPT rod with a “knock 
out” plug to the termination depth of the test hole.  Grout is then pumped under pressure 
as the tremie pipe is pulled from the hole.  Disruption or further contamination to the site 
is therefore minimized. 

Figure CPT 



Cone Penetration Testing Procedure 
(CPT) 

 
Gregg Drilling carries out all Cone Penetration Tests (CPT) using an integrated 
electronic cone system, Figure CPT.  The soundings were conducted using a 20 ton 
capacity cone with a tip area of 10 cm2 and a friction sleeve area of 150 cm2.  The cone 
is designed with an equal end area friction sleeve and a tip end area ratio of 0.80. 
 
The cone takes measurements of cone 
bearing (qc), sleeve friction (fs) and 
penetration pore water pressure (u2) at 5-
cm intervals during penetration to provide 
a nearly continuous hydrogeologic log. 
CPT data reduction and interpretation is 
performed in real time facilitating on-site 
decision making.  The above mentioned 
parameters are stored on disk for further 
analysis and reference.  All CPT 
soundings are performed in accordance 
with revised (2002) ASTM standards (D 
5778-95). 
 
The cone also contains a porous filter 
element located directly behind the cone 
tip (u2), Figure CPT.  It consists of porous 
plastic and is 5.0mm thick. The filter 
element is used to obtain penetration pore 
pressure as the cone is advanced as well 
as Pore Pressure Dissipation Tests 
(PPDT’s) during appropriate pauses in 
penetration.  It should be noted that prior 
to penetration, the element is fully 
saturated with silicon oil under vacuum 
pressure to ensure accurate and fast 
dissipation. 
 
When the soundings are complete, the test holes are grouted using a Gregg support rig.  
The grouting procedures generally consist of pushing a hollow CPT rod with a “knock 
out” plug to the termination depth of the test hole.  Grout is then pumped under pressure 
as the tremie pipe is pulled from the hole.  Disruption or further contamination to the site 
is therefore minimized. 

Figure CPT 



 
Pore Pressure Dissipation Tests (PPDT) 

 
 
Pore Pressure Dissipation Tests (PPDT’s) conducted at various intervals measured 
hydrostatic water pressures and determined the approximate depth of the ground water 
table.  A PPDT is conducted when the cone is halted at specific intervals determined by 
the field representative.  The variation of the penetration pore pressure (u) with time is 
measured behind the tip of the cone and recorded by a computer system.   
Pore pressure dissipation data can be interpreted to provide estimates of: 

• Equilibrium piezometric pressure 
• Phreatic Surface 
• In situ horizontal coefficient of consolidation (ch) 
• In situ horizontal coefficient of permeability (kh) 

 
In order to correctly interpret 
the equilibrium piezometric 
pressure and/or the phreatic 
surface, the pore pressure 
must be monitored until such 
time as there is no variation in 
pore pressure with time, 
Figure PPDT.  This time is 
commonly referred to as t100, 
the point at which 100% of the 
excess pore pressure has 
dissipated. 
 
A complete reference on pore 
pressure dissipation tests is 
presented by Robertson et al. 
1992. 
 
A summary of the pore 
pressure dissipation tests is 
summarized in Table 1.   
 
 
 
 
 
 

Figure PPDT 



Cone Penetration Test Data & Interpretation 

Soil behavior type and stratigraphic interpretation is based on relationships between cone 
bearing (q,), sleeve friction If,), and pore water pressure (u~). The friction ratio (RJ is a 
calculated parameter defined by 1 OOfJq, and is used to infer soil behavior type. Generally: 
Cohesive soils (clays) 

High friction ratio (Ry) due to smalt cone bearing (4,) 
Generate large excess pore water pressures (4 

Cohesionless soils (sands) 
Low friction ratio (Rj) due to large cone bearing (q,) 
Generate very little excess pore water pressures (uz) 

A complete set of baseline readings are taken prior to and at the completion of each 
sounding to determine temperature shifts and any zero load offsets. Corrections for 
temperature shifts and zero load offsets can be extremely important, especially when the 
recorded loads are relatively small. In sandy soils, however, these corrections are generally 
negligible. 

The cone penetration test data collected from your site is presented in graphical form in 
Appendix CPT. The data includes CPT logs of measured soil parameters, computer 
calculations of interpreted soil behavior types (SBT), and additional geotechnical parameters. 
A summary of locations and depths is available in Table 1. Note that all penetration depths 
referenced in the data are with respect to the existing ground surface. 

Soil interpretation for this project was conducted using recent correlations developed by 
Robertson, 1990, Figure SBT. Note that it is not always possible to clearly identify a soil type 
based solely on q, , f , ,  and ~ 2 .  In these situations, experience, judgment, and an assessment 
of the pore pressure dissipation data should be used to infer the soil behavior type. 

i ZONE I Qt/N ! SBT I 
Sensitive, fine grained 

! Clay 

4 1.5 Silty clay to clay -- 

-- 61, W 
Fgure SBT 

*over consolidated or cemented 

Figure C-1 

stephen_huang
Figure C-1



TABLE C-1
SUMMARY OF LABORATORY TEST RESULTS
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NB05 20 33 18 15 1730 23.7 101

NB05 25 100 100 100 100 100 100 100 99.9 99.8 92.8 48.8 28.6 19.9 108

NB05 35 5090 18.0 108

NB05 40 100 100 100 100 100 99.1 97.7 92.4 79.2 43.4 21.6 17 19.3

NB05 45 100 100 100 93.6 90.1 70.6 50.2 36 27.8 21 14 11.3 11.8

NB05 60 18.1 112

NB05 68.5 23.0
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Executive Summary 
 
This Bridge Design Hydraulic Study Report presents hydraulic and scour analyses of the Highway 101 
(Hwy 101) Bridge over Willow Brook Creek (Bridge Number 20-0161R on the northbound and 20-0161L 
on the southbound) in the City of Petaluma.  This Project is part of the Sonoma County Transportation 
Authority’s (SCTA) Highway 101 HOV Lanes Project Segment B (Project).   
 
The existing Willow Brook Creek Bridge was built in 1956.  It spans 70 feet in length and consists of two 
42.5 feet wide sections, one for the northbound lane and one for the southbound lane, respectively.  For the 
existing bridge, the soffit elevation at the upstream face of the bridge span for the southbound lane is 
approximately 43.12 feet.1   
 
The proposed modification consists of widening the bridge deck to effectively join the two spans into a 
single continuous span, modifying the existing pier foundations, and installing new piers.  The new deck 
will include a concrete barrier between the northbound and southbound lanes and a permanent soundwall 
along the southbound outside shoulder (i.e., the downstream face of the bridge).   
 
Hydraulic Analysis 
 
WRECO analyzed the hydraulic conditions in the study area using HEC-RAS, version 4.0 Beta, which is a 
hydraulic modeling system developed by the US Army Corps of Engineers, Hydrologic Engineering Center.  
HEC-RAS is a one-dimensional energy balancing model that uses a standard-step backwater procedure to 
estimate water surface elevations and flow velocity at user-defined cross sections.  Results are based on 
design flows provided by the user. 
 
The model scenarios assumed Manning's roughness values of: 

• 0.03 for the stream channel, which has a mud bottom and brush of low-to-medium height growing 
in the channel and banks 

• 0.05 for all overbank areas.   
 
To determine the downstream boundary conditions, WRECO used the design storm water surface 
elevations in Petaluma Creek at its confluence with Willow Brook Creek as listed in the Flood Insurance 
Study (FIS) for the City of Petaluma published by the Federal Emergency Management Agency (FEMA).  
The flows for the 2% and 1% storm reoccurrence interval were also taken from the FIS.  All water surface 
elevations were taken at the upstream face of each bridge span.  The following tables summarize the water 
surface elevations and flow velocities from the hydraulic analysis.   

                                                   
1 All elevations in this report refer to the 1988 North American Vertical Datum. 
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Table ES1. Hydrology and Hydraulics Summary—Willow Brook Creek Bridge Existing 
Condition 

WS Freeboard Flow WS Freeboard Flow
(ft) (ft) Velocity (ft) (ft) Velocity

(ft/s) (ft/s)
Hwy 101–NB Bridge (Upstream Face) 40.30 2.82 4.61 40.15 2.97 4.68
Hwy 101–NB Bridge (Downstream Face) 40.01 3.11 5.85 39.85 3.27 5.98
Hwy 101–SB Bridge (Upstream Face) 39.97 3.15 5.77 39.8 3.32 5.89

Hwy 101–SB Bridge (Downstream Face) 39.96 3.16 7.76 39.8 3.32 5.27

Stony Point Road Bridge (Upstrem Face) 38.56 0.71 5.78 38.21 1.06 6.07

Stony Point Road Bridge (Downstream Face) 38.31 0.96 6.47 38.64 0.63 6.86

Location

1% Design Storm 2% Design Storm

 

Table ES2. Hydrology and Hydraulics Summary—Willow Brook Creek Bridge Proposed 
Condition 

WS Freeboard Flow WS Freeboard Flow
(ft) (ft) Velocity (ft) (ft) Velocity

(ft/s) (ft/s)
Hwy 101–Proposed Bridge (Upstream Face) 40.20 2.92 4.66 40.05 3.07 4.74
Hwy 101–Proposed Bridge (Downstream Face) 39.95 3.17 5.2 39.79 3.33 5.3

Stony Point Road Bridge (Upstrem Face) 38.59 0.68 5.59 38.24 1.03 5.86

Stony Point Road Bridge (Downstream Face) 38.31 0.96 6.47 37.91 1.36 6.86

Location

1% Design Storm 2% Design Storm

 
The hydraulic model results predict that the 100-year flood flow in Willow Brook Creek will pass beneath 
both the existing and proposed bridges without overtopping.  Under the existing condition, the minimum 
50-year design storm freeboard for both the northbound and southbound bridges will be greater than 2 feet. 
The proposed widening will increase that freeboard slightly thus it will still be greater than the required 2 
feet. The proposed condition, therefore, meets the Federal Highway Administration’s basic hydraulic 
criteria for bridges. 
 
Scour Analysis 
 
The analysis included estimation of potential scour for all of the abutments and piers as well as long term 
bed elevation change.  The analysis predicted slightly more contraction scour under the proposed condition 
as compared to both the northbound existing condition and the southbound existing condition.  The 
predictions indicated that potential pier scour would increase in the proposed condition compared to the 
northbound and southbound existing conditions by approximately six to 9 inches.  The local abutment 
scour decreased compared to the existing northbound condition by six inches at the left abutment, abutment 
1, and more than one and one half foot at the right abutment, abutment 4. The increase in predicted scour 
potential is due primarily to the longer equivalent pier length (25.8 feet, compared to 10.32 feet under the 
existing condition).  The analysis estimated a long term bed elevation change of 0.08 feet per year; this 
would result in 4 feet of bed elevation degradation over a 50 year lifespan. 
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Table ES3. Summary of Bridge Scour Analysis: Existing Willow Brook Creek Bridge: 
Northbound

Local Scour 
(ft)

Contraction 
Scour               (ft)

Long Term 
Scour         

(ft)

Total Scour 
(ft)

South Abutment, Abutment 1 (HEC-RAS Left) 0.66 0.39 4.00 5.05
South Piers, Bent 2 (HEC-RAS Pier 1) 5.66 0.39 4.00 10.05
North Piers, Bent 3 (HEC-RAS Pier 2) 5.71 0.39 4.00 10.11
North Abutment, Abutment 4 (HEC-RAS Right) 3.03 0.39 4.00 7.42  

Table ES4. Summary of Bridge Scour Analysis: Existing Willow Brook Creek Bridge: 
Southbound

Local Scour 
(ft)

Contraction 
Scour               (ft)

Long Term 
Scour         

(ft)

Total Scour 
(ft)

South Abutment, Abutment 1 (HEC-RAS Left) - 0.38 4.00 4.38
South Piers, Bent 2 (HEC-RAS Pier 1) 5.58 0.38 4.00 9.95
North Piers, Bent 3 (HEC-RAS Pier 2) 5.75 0.38 4.00 10.13
North Abutment, Abutment 4 (HEC-RAS Right) - 0.38 4.00 4.38  

Table ES5. Summary of Bridge Scour Analysis: Proposed Willow Brook Creek Bridge 
Widening

Local Scour 
(ft)

Contraction 
Scour               (ft)

Long Term 
Scour         

(ft)

Total Scour 
(ft)

South Abutment, Abutment 1 (HEC-RAS Left) - 0.46 4.00 4.46
South Piers, Bent 2 (HEC-RAS Pier 1) 6.23 0.46 4.00 10.69
North Piers, Bent 3 (HEC-RAS Pier 2) 6.29 0.46 4.00 10.75
North Abutment, Abutment 4 (HEC-RAS Right) 1.38 0.46 4.00 5.84  
 
Long term bed elevation change, contraction scour, and local scour—including both pier and abutment 
scour—must be considered when setting pier foundation depths in and near the main channel of Willow 
Brook Creek.  In order to avoid structural damage, and/or undermining, the additional pier foundations for 
the proposed bridge widening should be constructed below the estimated total scour depth or to the bedrock 
layer.  Furthermore, any plans for the modification or replacement of existing piers and pier foundations 
should provide scour protection by placing scour countermeasures such as appropriately sized rip-rap.
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project Highway 101 HOV Project Hammer type : Type CE Code CE

Project No. 28649739 Donut 0.75 1 3

Boring No. NB05 Safety 1.00 2

Site Willow Brook 1 Auto 1.16 3

Borehole Diameter: (inch) (mm) CB CB

PGA = 0.5 2.5-4.5 65-115 1 1 1

Mw = 7.25 6 150 1.05 2

GWT during EQ 15 ft 8 200 1.15 3

Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999

Mod.Cal M 0.8 Sampling Method: Type Cs

Cal C 0.65 Stand 1 (Mod. Cal)
Mag. Weighting Factor(CSRM/CSRM=7.5) 0.91 No liners 1.2 (SPT)

Note: F.S. greater than 2 is set to be equal to 2

EQ

σσσσo u σσσσ'o CSR K
σσσσ

(USCS) pcf ft m ft m psf psf psf % FC< 5% Lower Upper Middle NCEER NCEER

1 Fill 125 1.5 0.46 0.75 0.23 94 0 94 1.000 0.325 0 0.0 2.00 1.16 1.00 0.75 1.00 0 1.09 1.12 1.10 1.000 Y 2.00 N 1

2 CL 120 8.0 2.44 4.8 1.45 578 0 578 0.991 0.322 0.0 0.0 1.91 1.16 1.00 0.75 1.00 0 1.09 1.12 1.10 1.000 Y 2.00 N 1

3 CH 115 15.0 4.57 11.5 3.51 1,370 0 1,370 0.976 0.317 0 0.0 1.24 1.16 1.00 0.75 1.00 0 1.09 1.12 1.10 1.000 Y 2.00 N 1

4 CL 120 23.0 7.01 19.0 5.79 2,253 250 2,003 0.959 0.351 0 0.0 1.03 1.16 1.00 0.85 1.00 0 1.09 1.12 1.10 1.000 N 2.00 N 1

5 SM 128 30.0 9.14 26.5 8.08 3,181 718 2,463 0.936 0.393 23 M 18.4 29 25.7 0.93 1.16 1.00 0.95 1.00 26 0.305 1.09 1.12 1.10 0.977 N 0.84 Liquef 1

6 CL 125 40.0 12.19 35.0 10.67 4,254 1,248 3,006 0.891 0.410 0 0.0 0.84 1.16 1.00 1.00 1.00 0 1.09 1.12 1.10 0.945 N 2.00 N 1

7 SM 128 46.0 14.02 43.0 13.11 5,263 1,747 3,515 0.823 0.401 19 M 15.2 17 19.1 0.78 1.16 1.00 1.00 1.00 17 0.186 1.09 1.12 1.10 0.918 N 0.47 Liquef 1

8 SW-SC 128 49.0 14.94 47.5 14.48 5,839 2,028 3,811 0.778 0.388 26 S 26 11 27.9 0.75 1.16 1.00 1.00 1.20 29 0.372 1.09 1.12 1.10 0.903 N 0.96 Liquef 1

9 SM 130 60.0 18.29 54.5 16.61 6,746 2,465 4,281 0.708 0.363 50 S 50 12 53.1 0.70 1.16 1.00 1.00 1.20 52 0.459 1.09 1.12 1.10 0.879 N 2.00 N 1

10 SM 130 69.5 21.18 64.8 19.74 8,078 3,104 4,974 0.624 0.329 100 S 100 12 104.7 0.65 1.16 1.00 1.00 1.20 95 0.459 1.09 1.12 1.10 0.848 N 2.00 N 1

11                          

12                          

13                          

14                          

15                          

16                          

17                          

18                          

19                          

20                          

Thickness σσσσo u σσσσ'o rd (N 1) 60-cs Liquefy ? ττττcyc CSRM=7.5 CSRM Volumetric Strain*** Settl.

ft psf psf psf NCEER psf ττττcyc/σσσσ'o ττττcyc/σσσσ'o % in

1 1.5 1.5 94 0 94 1.000 0.0 N 30.5 0.325 0.29 0.0 0.00

2 8.0 6.5 578 0 578 0.991 0.0 N 186.0 0.322 0.29 0.0 0.00

3 15.0 7.0 1,370 0 1,370 0.976 0.0 N 434.6 0.317 0.29 0.0 0.00

4 23.0 8.0 2,253 250 2,003 0.959 0.0 N 702.4 0.351 0.32 0.0 0.00

5 30.0 7.0 3,181 718 2,463 0.936 26.3 Liquef 967.8 0.393 0.36 1.1 0.92

6 40.0 10.0 4,254 1,248 3,006 0.891 0.0 N 1231.2 0.410 0.37 0.0 0.00

7 46.0 6.0 5,263 1,747 3,515 0.823 17.2 Liquef 1408.1 0.401 0.36 1.8 1.30

8 49.0 3.0 5,839 2,028 3,811 0.778 28.9 Liquef 1476.8 0.388 0.35 0.2 0.07

9 60.0 11.0 6,746 2,465 4,281 0.708 52.0 N 1552.3 0.363 0.33 0.0 0.00

10 69.5 9.5 8,078 3,104 4,974 0.624 95.1 N 1637.7 0.329 0.30 0.0 0.00

11             

12             

13             

14             

15             

16             

17             

18             

19             

20             

Total Settlement (inch)   = 2.29

*   Note: Blowcounts above 100 blows/foot (bpf) met refusal criteria.  The blowcount value of 100 bpf is assumed in the calculation for these cases.

**             The equation used to obtain CRR7.5 is not valid for corrected (N1)60 higher than 30.  According to NCEER 1997, soil layers with corrected (N1)60 higher than 30 blows per foot have a low potential for liquefaction.

***           These values were taken from a chart for estimation of volumetric strain in saturated sands from cyclic stress ration and standard penetration resistance (after Tokimatsu and Seed, 1987). 

               See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.

Soil Type F.S=1.0
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EXECUTIVE SUMMARY 
V&A Consulting Engineers (V&A) was retained by URS Corporation to perform a Soil Corrosivity 
Investigation for the proposed Highway 101 HOV Lane Project 0.8 kilometers South of the Old Redwood 
Highway in Petaluma, CA, to the Rohnert Park Expressway Overcrossing in Rohnert Park, CA. The 
objective of this investigation is to measure various soil parameters and evaluate the results to 
determine the corrosivity of the soil to the proposed Willow Brook Creek Bridge Widening for the 
Highway 101 HOV project. Corrosivity was determined at the bridge site to depths ranging from 0 to 6 
meters below grade. 

The California Department of Transportation, Division of Engineering Services, Materials Engineering 
and Testing Services, Corrosion Technology Branch has published “Corrosion Guidelines” (Guidelines) 
to define corrosive soil. The Guidelines consider soil to be corrosive to structural elements (steel 
reinforced concrete) if one or more of the following conditions exist for water or soil samples: 

“Chloride concentration is 500 ppm (mg/kg) or greater, sulfate concentration is 2,000 
mg/kg or greater, or the pH is 5.5 or less.” 

A wide variety of soluble salts is typically found in soils. Two soils having the same resistivity may have 
significantly different corrosion characteristics, depending on the specific ions available. The major 
constituents that accelerate corrosion are chlorides, sulfates and the acidity (pH) of the soil. Chloride 
ions tend to break down otherwise protective surface deposits, and can result in corrosion of reinforcing 
steel in concrete structures. Sulfates in soil can be highly aggressive to portland cement concrete by 
combining chemically with certain constituents of the concrete, principally tricalcium aluminate. This 
reaction is accompanied by expansion and eventual disruption of the concrete matrix. High 
concentrations of bicarbonates tend to decrease soil resistivities. Although bicarbonates are not 
aggressive to buried concrete, bicarbonates will lower the soil resistivity which can promote corrosion 
activity. 

Acidity, as indicated by the pH of the soil, is another important factor of soil. The lower the pH (the more 
acidic the environment), the higher the corrosivity will be with respect to buried metallic and concrete 
structures. As pH increases above 7 (the neutral value), conditions become increasingly more alkaline 
and passive to buried structures. 

This report provides recommendations for corrosion control for the various structural foundation 
materials under consideration. This foundation investigation is in accordance with Caltrans Corrosion 
Guidelines dated September 2003 (Guidelines). The materials considered as part of this investigation 
include buried reinforced concrete, cast-in-place concrete piles, prestressed concrete piles, and steel 
pipe piles. 

Evaluation of the in-situ soil environment is reported in terms of potential damage to the structures due to 
corrosion. Soil resistivity measurements were conducted in the field during the initial stages of the work. 
In addition, soil samples collected by URS during the geotechnical investigation were forwarded to 
Cooper Testing Laboratory in Palo Alto, CA, for testing. The soil borings were analyzed for minimum 
resistivity, pH, water soluble chloride ion concentration, and water soluble sulfate ion concentration. 
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Based on the results of the corrosion analyses, the site is considered non-corrosive. 

The pH of the soil samples analyzed ranged from 7.6 to 7.9, and the site is considered non-corrosive. 

The water soluble chloride ion concentration ranged from 6 milligrams per kilogram (mg/kg) to 9 mg/kg, 
and the water soluble sulfate ion concentration of the soil samples was less than the minimum detection 
level of 5 mg/kg. The chloride ion and sulfate ion concentrations at the site are considered non-
corrosive. 



Highway 101 HOV Lane Project  
Willow Brook Creek Bridge (Widening) Foundation Investigation Report 

Page 3 

CONCLUSIONS 

• Soil samples were obtained for corrosion analysis at Boring Location NB05. Based on the 
results of the corrosion analyses, the site is considered non-corrosive. 

• The proposed structure is not within 300 meters (1,000 feet) of salt or brackish water. 

• The chloride ion concentration for Boring NB05, Samples 2 and 3, ranged from 6 milligrams 
per kilogram (mg/kg) to 9 mg/kg and is considered non-corrosive. 

• The sulfate ion concentration for Boring NB05, Samples 2 and 3, was less than the minimum 
detection level of 5 mg/kg and is considered non-corrosive. 

• The pH of Boring NB05, Samples 2 and 3, ranged from 7.6 to 7.9 and is considered non-
corrosive. 

RECOMMENDATIONS 
Based on the test data and review of the project requirements, specific recommendations for each 
structural foundation material alternative are listed below: 

Buried Reinforced Concrete Structures, Prestressed Concrete Piles, and Cast-in-
Place Concrete Piles 

Buried concrete structures should be constructed of durable concrete as described in Section 8.22 of the 
Caltrans Bridge Design Specifications and ACI Standards 201.2R and 222R. These recommendations 
include, but are not limited to, the following: 

• The water/cement ratio should not exceed 0.50. 

• A concrete cover of a minimum of 5.1 centimeters should be applied over all steel 
reinforcement. 

• Salt-free sand and potable water should be used. 

• Type II modified cement should be used. 

• The concrete should be allowed to cure according to the manufacturer’s recommendations. 

Steel Pipe Piles 

Based on the results of the corrosion analyses, the site is considered non-corrosive to steel pipe piles. 
Fill materials should be tested for corrosivity, and if they are found to be corrosive, then the 
recommendations in the Guidelines for steel pipe piles in corrosive soil should be followed. 

A conservative approach for the design of pipe piles would be to assume that corrosion will occur at a 
rate of 0.025 millimeters per year between grade and a depth 1 meter below the water table, in 
accordance with the Guidelines. The renewable supply of oxygen typically available in this region of soil 
sustains corrosion and the corrosion allowance in accordance with the Guidelines is recommended. It is 
important to note that structural considerations for pipe piles may require increases in metal wall 
thickness to withstand both installation and structural loadings, as they have not been considered in this 
analysis. 
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TEST METHODS 
In attempting to predict corrosion problems associated with a particular type of structure prior to 
installation, it is necessary to investigate the soil conditions the structure will encounter. Since corrosion 
is an electrochemical process accompanied by current flow, the electrochemical characteristics of a soil 
are of primary importance when evaluating corrosivity. Test methods utilized during this investigation 
reflect the most practical methods of evaluating corrosivity. 

In-Situ Soil Resistivity 

In-situ resistivity of the soil was measured at two locations at the Willow Brook Creek Bridge site. Figure 
1 shows the project vicinity map. Figure 2 shows the in-situ soil resistivity and soil boring locations. 
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Figure 1 - Vicinity and Project Site Map 

Rohnert Park 
Expressway 

Overcrossing 

Old Redwood 
Highway 

Overcrossing 

Willow Brook 
Creek Bridge 
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Figure 2 - Soil Resistivity Testing and Soil Sample Locations 1 

In-situ soil resistivity was measured using the Wenner 4-Electrode Method, with a Model 400 Soil 
Resistance Meter, manufactured by Nilsson Electrical Laboratory, Inc. The Wenner Method involves the 
use of four metal probes or electrodes, driven into the ground along a straight line, equidistant from each 
other, as shown in Figure 3. 

                                                   

1 Maps courtesy of the USGS and the TerraServer Team 

# 

2 

1 

NB05 

Highway 101 

Willow Brook Creek 

In-Situ Soil Resistivity Location, See Table 1 
Soil Sample Location, See Table 2  
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Figure 3 - Soil Resistivity Measurement Using the Wenner 4-Electrode Method 

An alternating current from the Soil Resistance Meter causes a current to flow through the soil between 
the outside electrodes, C1 and C2. Due to the resistance of the soil, the current creates a voltage 
gradient, which is proportional to the average resistance of the soil mass to a depth equal to the 
distance between electrodes. The voltage drop is then measured across pins, P1 and P2. Resistivity of 
the soil is then computed from the instrument reading according to the following formula: 

ρ = 2 · ̟ · A · R 

Where: ρ = soil resistivity (ohm-cm) 
 A = distance between electrodes (cm) 
 R = soil resistance, instrument reading (ohms) 
 ̟ = 3.14 (approx.) 

Soil resistivity measurements were conducted with electrodes spaced at 1.5, 3, 4.5, and 6 meters. The 
resistivity values obtained represent the average resistivity of the soil to a depth equal to the electrode 
spacing. An additional method of calculating the soil resistivity using the data from the 4-Electrode 
Method is the Barnes-Layer Resistivity Calculation. The Barnes Layer Calculation is used to determine 
the resistivity of the soil for each soil layer. While the 4-Electrode Method at 3-meter electrode spacing 
will consider all 3 meters of soil below the surface, the Barnes-Layer method will consider the resistivity 
of only the layer of soil between 1.5 and 3 meters below the surface. This method assumes the soil 
layers are a uniform thickness and parallel to the surface. 
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abab KR −− =ρ  

and 

baab RRR

111 −=
−  

Where: 

ρb-a = Soil resistivity of layer depth b-a (ohm-cm) 
a = Soil depth to top of layer (cm) 
b = Soil depth to bottom of layer (cm) 
Ra = Soil resistance read at depth a (ohms) 
Rb = Soil resistance read at depth b (ohms) 
Rb-a = Resistance of soil layer from a to b (cm) 
K = Layer constant (cm) 
 = 2 π (b-a) 

Soil resistance is measured at electrode spacings of 1.5, 3, 4.5, and 6 meters. Barnes Layer resistivity 
is calculated for layers 0 to 1.5, 1.5 to 3, 3 to 4.5, and 4.5 to 6 meters below grade. The results of both 
methods are listed on Table 1. 

Laboratory Analysis of Soil 

To supplement the resistivity data obtained during field testing, soil samples from the Willow Brook Creek 
Bridge site were obtained from URS. The soil samples were forwarded to Cooper Testing Laboratory in 
Palo Alto, CA, for testing. The samples were tested for pH, minimum resistivity, and water soluble 
chloride and water soluble sulfate ion concentrations. 

TEST RESULTS 
Data obtained during this investigation has been summarized in tabular form for analysis and 
presentation. Table 1 lists the results of the in-situ soil resistivity measurements conducted at the site. 
Table 2 lists the minimum soil resistivity for each sample collected as well as the chemical analysis of the 
sample. The locations of the soil samples and the in-situ resistivity test locations are shown on Figure 2. 

In-Situ Soil Resistivity 

Since corrosion is a natural electrochemical process accompanied by the flow of electrical current, it is 
important to understand how easily current will travel through the soil surrounding the steel or steel 
reinforced concrete structure. Resistivity is a measure of the ability of a soil to conduct an electric 
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current. Soil resistivity is primarily dependent on the chemical and moisture content of the soil. As the 
concentrations of chemical constituents increases, the soil resistivity will decrease. Additional moisture 
generally decreases the soil resistivity up to the point where the maximum solubility for the dissolved 
ionic chemicals is achieved. Beyond the maximum solubility, an increase in moisture generally increases 
the resistivity as the chemicals become more and more diluted. Since corrosion rate depends on current 
flow through the soil to and from the metal, soil corrosivity normally increases as soil resistivity 
decreases. 

Table 1 - In-Situ Soil Resistivity Data 

Site 
Approx. 

Sta. 
Depth 

(meters)  
Resistivity 
(ohm-cm) 

Layer 
Resistivity 
(ohm-cm) 

Layer 
(meters) 

1.5 40,217 40,217 0 – 1.5 

3.0 76,605 804,348 1.5 – 3.0 

4.5 215,450 82,076 3.0 – 4.5 
1 

20+90 
RT 

6.0 1,417,185 90,075 4.5 – 6.0 

1.5 1,341 1,341 0 – 1.5 

3.0 1,513 1,736 1.5 – 3.0 

4.5 2,585 6,189 3.0 – 4.5 
2 

20+90 
LT 

6.0 575 172 4.5 – 6.0 

Laboratory Analysis of Soil Samples 

Soil samples were obtained for corrosion analyses and the results are shown in Table 2. 

Table 2 - Soil Resistivity and Chemical Data 

Chemical Data 
Item 
No. 

Boring 
No. 

Station  Sample 
No. 

Depth 
(meters) 

Soil Resistivity 
(ohm-cm) 
Minimum pH 

Sulfate 
(mg/kg) 

Chloride 
(mg/kg) 

1 NB05 20+75 2 0.5 1,041 7.9 <5 9 

2 NB05 20+75 3 1.5 581 7.6 <5 6 

 

Based on the results of the corrosion analyses, the site is considered non-corrosive to buried reinforced 
concrete, prestressed concrete piles, and steel pipe piles. 
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CTL # 632-002 Date: 11/3/2006 Tested By: PJ Checked: PJ

Client: V & A Engineering Project: Caltrans, Highw ay 101  HOV Lane Proj . No: 06-088
Remarks:

Chloride pH ORP Moisture

Boring Sample, No. Depth, ft. As Rec. Minimum Saturated mg/kg mg/kg % (Redox) % Soil Visual Description 

Dry Wt. Dry Wt. Dry Wt. mv At Test

ASTM G57 Cal 643 ASTM G57 Cal 422-mod. Cal 417-mod.Cal 417-mod. ASTM G51 SM 2580B ASTM D2216

NB-05, 2 - - - 1,041 - 9 <5 <0.0005 7.9 - 19.4 Olive Brow n Clayey SAND

NB-05,3 - - - 581 - 6 <5 <0.0005 7.6 - 33.4 Dark Gray CLAY

NB-09, 3 - - - 1,425 - 14 <5 <0.0005 7.6 - 18.9 Brow n Clayey SAND w / Gravel

NB-10, 3 - - - 2,534 - 5 <5 <0.0005 7.3 - 21.4
Brow n Clayey SAND w / Gravel 

(silty)

NB-13, 3 - - - 1,288 - 10 <5 <0.0005 6.7 - 24.1
Yellow ish Brow n Clayey SAND 

w / Gravel

NB-20, 3 - - - 1,220 - 8 <5 <0.0005 7.6 - 20.0
Yellow ish Brow n Clayey SAND 

w / Gravel

NB-21, 3 - - - 1,328 - 9 <5 <0.0005 7.2 - 31.5
Olive Brow n Clayey SAND, trace 

Gravel

NB-32, 3 - - - 4,127 - 7 <5 <0.0005 6.8 - 7.8 Brow n SAND w / Silt & Gravel

NB-37, 3 - - - 925 - 51 164 0.0164 7.4 - 18.3 Yellow ish Brow n Sandy CLAY

NB-41, 3 - - - 1,472 - <2 <5 <0.0005 7.3 - 17.0 Brow n Clayey SAND

NB-43, 3 - - - 1,343 - 11 <5 <0.0005 8.5 - 32.7 Brow n Sandy CLAY

NB-48, 3 - - - 926 - <2 8 0.0008 7.5 - 21.2 Gray Sandy CLAY

NB-54, 3 - - - 1,259 - <2 <5 <0.0005 7.1 - 22.8 Grayish Brow n CLAY w / Sand

NB-56, 2 - - - 658 - 12 <5 <0.0005 7.7 - 30.5 Dark Brow n CLAY w / Sand

NB-56, 3 - - - 678 - 3 <5 <0.0005 7.9 - 23.2 Dark Brow n CLAY w / Sand

NB-62, 2 - - - 629 - 26 108 0.0108 7.8 - 29.0 Dark Brow n CLAY w / Sand

NB-62, 3 - - - 550 - 27 <5 <0.0005 8.2 - 30.1 Dark Brow n CLAY w / Sand

NB-74, 3 - - - 1,729 - 42 5 0.0005 7.5 - 36.2
Reddish Brow n GRAVEL w / Silt & 

Sand

NB-79, 2 - - - 2,139 - 8 <5 <0.0005 8.3 - 29.0 Reddish Brow n Clayey SAND

Resistiv ity @ 15.5 oC (Ohm-cm)Sample Location or ID Sulfate-(water soluble)

Corrosivity Test Summary
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SONOMA 101 HOV Project 9/24/2009

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 320 ton

Project Name: Sonoma 101 HOV Nominal axial compress. Capacity (ult.) 2848 kN

Project Number: 28645047 Pile Diameter 18 inch Pile Shape Circular (Square, Circular or Octogonal)

Bridge Name: Willow Brook Creek Pile Diameter 457 mm Pile Surface Area 1.44 sq. m/m Pile Tip Area 0.16 sq. m

Boring Surface El. (m) 13.0 Pile Diameter 1.50 ft Pile Surface Area 4.71 sq. ft/ft Pile Tip Area 1.77 sq. ft.

Boring Surface El. (ft) 42.7 Crit depth ratio 20 -

Design GWS El. (ft) 27.5 Crit depth 30.0 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 12.7 ft

Depth with no strength Crit. Depth. Elev 3.9 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2716 psf

Bottom of Pile Cap El. (m) 11.1 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 36.3 Type (Steel=S,Concrete=C,Timber=T) S

Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

Note: Soils encountered above Elevation 0 feet are anticipated to have downdrag forces on the pile due to liquefaction settlement. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

13.01 42.7 0 0 0.0 6.25 c 0 n 42.7 0 0 0 0 320 2848 0 0 160 1424

1 13.01 42.7 11.06 36.3 n 72 1500 0.87 0 0 0 6.4 0.0 720 720 0.0 0.0 0.0 0 2.1 8.45 c 11 n 39.5 0.0 0 0.0 0 320 2848 0.0 0 160 1424

2 11.06 36.3 10.58 34.7 y 72 1500 0.87 1305 0 0 1.6 6.4 960 960 4.9 0.0 0.0 0 4.8 9.00 c 12 n 35.5 4.9 44 4.9 44 320 2848 4.9 44 160 1424

3 10.58 34.7 8.44 27.7 y 86 1800 0.81 1458 0 0 7.0 8.0 1730 1730 24.0 0.0 0.0 0 7.7 9.00 c 14 n 31.2 29.0 258 29.0 258 320 2848 29.0 258 160 1424

4 8.44 27.7 6 19.7 y 48 1000 0.96 960 0 0 8.0 15.0 2243 2243 18.1 0.0 0.0 0 12.7 9.00 c 8 n 23.7 47.1 419 47.1 419 320 2848 47.1 419 160 1424

5 6 19.7 3.87 12.7 y 0 0 0.00 0 32 20 7.0 23.0 2716 2716 0.0 22.3 14.9 29 17.7 9.00 g 70 n 16.2 69.4 618 69.4 618 320 2848 61.9 551 160 1424

6 3.87 12.7 0.82 2.7 y 120 2500 0.60 1500 0 0 10.0 30.0 3362 2716 35.3 0.0 0.0 0 23.3 9.00 c 20 n 7.7 104.7 932 104.7 932 320 2848 97.3 866 160 1424

7 0.82 2.7 -0.09 -0.3 y 0 0 0.00 0 32 20 3.0 40.0 3565 2716 0.0 10.5 7.0 29 27.7 9.00 g 70 n 1.2 115.2 1025 115.2 1025 320 2848 104.3 928 160 1424

8 -0.09 -0.3 -1.92 -6.3 y 0 0 0.00 0 32 20 6.0 43.0 3971 2716 0.0 21.0 14.0 29 30.7 9.00 g 70 n -3.3 136.2 1212 136.2 1212 320 2848 118.3 1052 160 1424

9 -1.92 -6.3 -3.05 -10.0 y 0 0 0.00 0 34 20 3.7 49.0 4189 2716 0.0 12.9 8.6 42 33.9 9.00 g 101 y -8.2 149.1 1327 249.9 2224 320 2848 126.9 1129 160 1424

10 -3.05 -10.0 -5.58 -18.3 y 0 0 0.00 0 38 20 8.3 52.7 4842 2716 0.0 29.0 19.3 86 37.9 9.00 g 206 y -14.2 178.1 1585 384.5 3422 320 2848 146.2 1301 160 1424

11 -5.58 -18.3 -8.17 -26.8 y 0 0 0.00 0 40 20 8.5 61.0 5001 2716 0.0 29.7 19.8 145 43.5 9.00 g 348 y -22.6 207.8 1850 555.9 4947 320 2848 166.0 1477 160 1424

Bottom -8.17 -26.8
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Nominal Compressive Capacity Ultimate Compression Ultimate Skin Friction (Compression)

18-inch Diameter CISS pile

Design Load on Pile: 90 kips 

Downdrag on Pile to Elevation 0 feet: 115 tons = 230 kips 

Total vertica load on pile: 90+230 = 320 kips

Nominal Resistance of Pile: 320 kips x 2 (FS) = 640 kips = 320 

tons

Bottom of Pile Cap

Downdrag/Negative Skin 

Friction to Elevation 0 ft 

due to Liquefaction 

Settlement
Total Downdrag: 115 tons

 18-inch Diameter CISS Pile with 45 ton Allowable Bearing Capacity X:\101-Sonoma\geotech\Analysis\Pile Design\For Bridges\Willow Brook Creek\Abutments 1 and 4_rev 05 12 09 (18-inch).xls



SONOMA 101 HOV Project 9/24/2009

Pile Design Spreadsheet
NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 240 ton

Project Name: Sonoma 101 HOV Nominal axial compress. Capacity (ult.) 2136 kN

Project Number: 28645047 Pile Diameter 18 inch Pile Shape Circular (Square, Circular or Octogonal)

Bridge Name: Willow Brook Creek Pile Diameter 457 mm Pile Surface Area 1.44 sq. m/m Pile Tip Area 0.16 sq. m

Boring Surface El. (m) 9.1 Pile Diameter 1.50 ft Pile Surface Area 4.71 sq. ft/ft Pile Tip Area 1.77 sq. ft.

Boring Surface El. (ft) 30.0 Crit depth ratio 20 -

Design GWS El. (ft) 27.5 Crit depth 30.0 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 0.0 ft

Depth with no strength Crit. Depth. Elev 0.0 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2036 psf

Bottom of Pile Cap El. (m) 12.2 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 40.0 Type (Steel=S,Concrete=C,Timber=T) S

Scour Elevation (ft) 17.8 Earth Press. Coefficient * (Comp.) 1.5

Earth Press. Coefficient * (Tens) 1.0

Minimum Adhesion 500 psf

 * Note: Soils in the potential scour zone are not neglected in this analysis and doesn't provide any suppport to pile; soils encountered above Elevation 0 feet are anticipated to have downdrag forces on the pile due to liquefaction settlement. 

Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

9.14 30.0 0 0 0.0 6.25 c 0 n 30.0 0 0 0 0 240 2136 0 0 120 1068

1 9.14 30.0 8.44 27.7 n 86 1800 0.81 0 0 0 2.3 0.0 220 220 0.0 0.0 0.0 0 0.8 7.25 c 12 n 28.9 0.0 0 0.0 0 240 2136 0.0 0 120 1068

2 8.44 27.7 6 19.7 n 48 1000 0.96 0 0 0 8.0 2.3 716 716 0.0 0.0 0.0 0 4.2 9.00 c 8 n 23.7 0.0 0 0.0 0 240 2136 0.0 0 120 1068

3 6 19.7 5.43 17.8 n 0 0 0.00 0 32 20 1.9 10.3 849 849 0.0 0.0 0.0 29 7.5 9.00 g 22 n 18.8 0.0 0 0.0 0 240 2136 0.0 0 120 1068

4 5.43 17.8 3.87 12.7 y 0 0 0.00 0 32 20 5.1 12.2 1187 1187 0.0 6.7 4.5 29 9.8 9.00 g 30 n 15.3 6.7 59 6.7 59 240 2136 4.5 40 120 1068

5 3.87 12.7 0.82 2.7 y 120 2500 0.60 1500 0 0 10.0 17.3 1834 1834 35.3 0.0 0.0 0 14.9 9.00 c 20 n 7.7 42.0 374 42.0 374 240 2136 39.8 354 120 1068

6 0.82 2.7 0 0.0 y 0 0 0.00 0 32 20 2.7 27.3 2036 2036 0.0 6.7 4.5 29 19.1 9.00 g 52 n 1.4 48.7 434 48.7 434 240 2136 44.3 394 120 1068

7 0 0.0 -1.95 -6.4 y 0 0 0.00 0 32 20 6.4 30.0 2442 2036 0.0 16.8 11.2 29 22.1 9.00 g 52 n -3.2 65.5 583 65.5 583 240 2136 55.5 493 120 1068

8 -1.95 -6.4 -3.05 -10.0 y 0 0 0.00 0 34 20 3.6 36.4 2730 2036 0.0 9.4 6.3 42 25.5 9.00 g 76 y -8.2 74.9 667 150.5 1339 240 2136 61.7 549 120 1068

9 -3.05 -10.0 -5.3 -17.4 y 0 0 0.00 0 38 20 7.4 40.0 3246 2036 0.0 19.4 12.9 86 29.1 9.00 g 155 y -13.7 94.3 839 249.0 2216 240 2136 74.7 664 120 1068

10 -5.3 -17.4 -8.2 -26.9 y 0 0 0.00 0 40 20 9.5 47.4 3860 2036 0.0 24.9 16.6 145 34.8 9.00 g 261 y -22.2 119.2 1061 380.0 3382 240 2136 91.2 812 120 1068

Bottom -8.2 -26.9
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Nominal Compressive Capacity Ultimate Compression Ultimate Skin Friction (Compression)

18-inch Diameter

Bottom of Pile Cap

Downdrag/Negative Skin 

Friction to Elevation 0 ft 

due to Liquefaction 

Settlement

Total Downdrag: 49 tons

Design Load on Pile: 140 kips 

Downdrag on Pile to Elevation 0 feet: 49 tons = 98 kips 

Total vertica load on pile: 140+98 = 238 kips ≈ 240 kips

Nominal Resistace of Pile: 240 kips x 2 (FS) = 480 kips = 240 

tons 

 18-inch Diameter CISS Pile with 70 ton Allowable Bearing Capacity X:\101-Sonoma\geotech\Analysis\Pile Design\For Bridges\Willow Brook Creek\Bents 2 and 3_rev 05 12 09 (18-inch).xls



APPENDIXAPPENDIXAPPENDIXAPPENDIXH Laterally Loaded Pile Analysis, LPILE Output 

 X:\101-SONOMA\GEOTECH\REPORT\FOUNDATION REPORTS\WILLOWBROOK\WILLOWBROOK_REV3_1_20090924.DOC H-1 
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Willow Brook Creek_Abutment_ 18 inch CISS Pile_Fixed Head.lpo
==============================================================================

                    LPILE Plus for Windows, Version 4.0

               Analysis of Individual Piles and Drilled Shafts
              Subjected to Lateral Loading Using the p-y Method

                   (c) Copyright ENSOFT, Inc., 1985-2001
                             All Rights Reserved

==============================================================================

This program is licensed to: 

IT - San Jose
URS Corporation

Path to file locations:      X:\101-Sonoma\geotech\Analysis\Pile Design\Lateral\For 
Bridge\New Folder\
Name of input data file:     Willow Brook Creek_Abutment_ 18 inch CISS Pile_Fixed 
Head.lpd
Name of output file:         Willow Brook Creek_Abutment_ 18 inch CISS Pile_Fixed 
Head.lpo
Name of plot output file:    Willow Brook Creek_Abutment_ 18 inch CISS Pile_Fixed 
Head.lpp
Name of runtime file:        Willow Brook Creek_Abutment_ 18 inch CISS Pile_Fixed 
Head.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  June  4, 2009     Time:  11:23:40

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Sonoma 101 Segment B-Willow Brook Abutments 1 & 4 -18-in CISS Pile-Fixed        

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units, inches, pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis does not use p-y multipliers (individual pile or shaft action only)
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
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Willow Brook Creek_Abutment_ 18 inch CISS Pile_Fixed Head.lpo
- Analysis assumes no soil movements acting on pile
- Additional p-y curves computed at specified depths

Solution Control Parameters:
- Number of pile increments            =           60
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     360.00 in
Depth of ground surface below top of pile =     -72.00 in
Slope angle of ground surface             =      26.60 deg.

Structural properties of pile defined using  2 points

Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000        18.000    5152.9000     254.5000   3605000.000
  2     360.0000        18.000    5152.9000     254.5000   3605000.000

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  9 layers

Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -72.000 in
Distance from top of pile to bottom of layer =       24.000 in
p-y subgrade modulus k for top of soil layer =      300.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      300.000 lbs/in**3

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =       24.000 in
Distance from top of pile to bottom of layer =      108.000 in
p-y subgrade modulus k for top of soil layer =      300.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      300.000 lbs/in**3

Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      108.000 in
Distance from top of pile to bottom of layer =      180.000 in
p-y subgrade modulus k for top of soil layer =      625.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      625.000 lbs/in**3

Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      180.000 in
Distance from top of pile to bottom of layer =      216.000 in
p-y subgrade modulus k for top of soil layer =       72.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       72.000 lbs/in**3

Page 2



Willow Brook Creek_Abutment_ 18 inch CISS Pile_Fixed Head.lpo
Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      216.000 in
Distance from top of pile to bottom of layer =      312.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  6 is stiff clay without free water
Distance from top of pile to top of layer    =      312.000 in
Distance from top of pile to bottom of layer =      444.000 in
p-y subgrade modulus k for top of soil layer =      625.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      625.000 lbs/in**3

Layer  7 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      444.000 in
Distance from top of pile to bottom of layer =      564.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  8 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      564.000 in
Distance from top of pile to bottom of layer =      720.000 in
p-y subgrade modulus k for top of soil layer =      100.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      100.000 lbs/in**3

Layer  9 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      720.000 in
Distance from top of pile to bottom of layer =      828.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

(Depth of lowest layer extends  468.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Distribution of effective unit weight of soil with depth
is defined using 18 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -72.00         .07240
  2            24.00         .07240
  3            24.00         .06620
  4           108.00         .06620
  5           108.00         .03370
  6           180.00         .03370
  7           180.00         .03640
  8           216.00         .03640
  9           216.00         .03890
 10           312.00         .03890
 11           312.00         .03760
 12           444.00         .03760
 13           444.00         .04040
 14           564.00         .04040
 15           564.00         .04450
 16           720.00         .04450
 17           720.00         .04450
 18           828.00         .04450
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Willow Brook Creek_Abutment_ 18 inch CISS Pile_Fixed Head.lpo

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Distribution of shear strength parameters with depth
defined using 18 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -72.000       10.41700             .00           .00800        .0
  2       24.000       10.41700             .00           .00800        .0
  3       24.000       12.50000             .00           .00800        .0
  4      108.000       12.50000             .00           .00800        .0
  5      108.000       17.36100             .00           .00600        .0
  6      180.000       17.36100             .00           .00600        .0
  7      180.000        5.55600             .00           .01000        .0
  8      216.000        5.55600             .00           .01000        .0
  9      216.000         .00000           32.00           ------    ------
 10      312.000         .00000           32.00           ------    ------
 11      312.000       17.36100             .00           .00600        .0
 12      444.000       17.36100             .00           .00600        .0
 13      444.000         .00000           32.00           ------    ------
 14      564.000         .00000           32.00           ------    ------
 15      564.000         .00000           36.00           ------    ------
 16      720.000         .00000           36.00           ------    ------
 17      720.000         .00000           38.00           ------    ------
 18      828.000         .00000           38.00           ------    ------

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

Static loading criteria was used for computation of  p-y curves

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  1

Load Case Number  1

Pile-head boundary conditions are Shear and Slope (BC Type 2)
Shear force at pile head    =       50000.000 lbs
Slope at pile head          =            .000 in/in
Axial load at pile head     =       90000.000 lbs

(Zero slope for this load indicates fixed-head condition) 

------------------------------------------------------------------------------
                   Output of p-y Curves at Specified Depths
------------------------------------------------------------------------------
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Willow Brook Creek_Abutment_ 18 inch CISS Pile_Fixed Head.lpo

p-y curves are generated and printed for verification at  1 depths.

Depth      Depth Below Pile Head      Depth Below Ground Surface
 No.                 in                         in
-----      ---------------------      --------------------------
  1                60.000                    132.000

Depth of ground surface below top of pile =     -72.00 in

p-y Curve Computed Using Criteria for Stiff Clay without Free Water

Soil Layer Number          =          2
Depth below pile head      =       60.000 in
Depth below ground surface =      132.000 in
Equivalent Depth           =      114.048 in
Diameter                   =       18.000 in
Undrained cohesion, c      =     12.50000 lbs/in**2
Avg. Undrained cohesion, c =     12.50000 lbs/in**2
Average Eff. Unit Weight   =       .07071 lbs/in**3
Epsilon-50                 =       .00800
Pct                        =     1021.452 lbs/in
Pcd                        =     2025.000 lbs/in
y50                        =         .360 in
p-multiplier               =      1.00000
y-multiplier               =      1.00000

        y, in            p, lbs/in
----------------    -----------------
          .0000             .000
          .0001           57.440
          .0003           85.894
          .0006          102.145
          .0029          152.743
          .0058          181.643
          .0288          271.619
          .0576          323.011
          .1440          406.165
          .2880          483.015
          .4320          534.544
          .5760          574.405
         1.4400          722.275
         2.8800          858.935
         5.7600         1021.452
         6.4800         1021.452
         7.2000         1021.452

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Shear and Slope (BC Type 2)
Specified shear force at pile head  =       50000.000 lbs
Specified slope at pile head        =       0.000E+00 in/in
Specified axial load at pile head   =       90000.000 lbs
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Willow Brook Creek_Abutment_ 18 inch CISS Pile_Fixed Head.lpo

(Zero slope for this load indicates fixed-head conditions)

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res
    X         y          M           V           S        Stress        p
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in
-------- --------- ----------- ----------- ----------- ----------- -----------
   0.000   .348431  -2.341E+06  50000.0000   5.551E-17   4442.2565   -340.8249
   6.000   .346163  -2.047E+06  47918.0480  -7.086E-04   3928.6382   -353.1591
  12.000   .339928  -1.765E+06  45765.4016    -.001324   3436.6020   -364.3898
  18.000   .330272  -1.496E+06  43548.6908    -.001851   2966.9399   -374.5138
  24.000   .317717  -1.241E+06  41387.8379    -.002293   2520.3705   -345.7704
  30.000   .302757  -9.971E+05  39097.3272    -.002654   2095.1641   -417.7331
  36.000   .285865  -7.685E+05  36566.5584    -.002939   1695.9199   -425.8565
  42.000   .267484  -5.551E+05  33990.9485    -.003153   1323.2183   -432.6801
  48.000   .248027  -3.572E+05  31378.4076    -.003301    977.5533   -438.1668
  54.000   .227878  -1.750E+05  28737.0805    -.003386    659.3301   -442.2756
  60.000   .207389  -8718.8021  26075.3691    -.003416    368.8627   -444.9616
  66.000   .186883   1.416E+05  23401.9565    -.003395    600.8985   -446.1760
  72.000   .166652   2.758E+05  20725.8334    -.003327    835.2932   -445.8651
  78.000   .146956   3.939E+05  18056.3285    -.003219   1041.5691   -443.9699
  84.000   .128022   4.959E+05  15403.1452    -.003075   1219.8095   -440.4246
  90.000   .110050   5.820E+05  12776.4060    -.002901   1370.2061   -435.1552
  96.000   .093206   6.524E+05  10186.7084    -.002702   1493.0640   -428.0774
 102.000   .077626   7.072E+05   7645.1968    -.002482   1588.8069   -419.0932
 108.000   .063416   7.468E+05   5215.2379    -.002248   1657.9830   -390.8931
 114.000   .050654   7.722E+05   2451.0741    -.002002   1702.3532   -530.4949
 120.000   .039388   7.784E+05   -669.7851    -.001752   1713.1322   -509.7915
 126.000   .029631   7.661E+05  -3655.9673    -.001503   1691.6198   -485.6025
 132.000   .021358   7.361E+05  -6485.0288    -.001260   1639.3408   -457.4180
 138.000   .014512   6.896E+05  -9130.3524    -.001030   1558.0762   -424.3565
 144.000   .009002   6.277E+05 -11557.4236  -8.169E-04   1449.9193   -384.6672
 150.000   .004709   5.518E+05 -13713.5505  -6.264E-04   1317.3844   -334.0418
 156.000   .001485   4.638E+05 -15482.8920  -4.624E-04   1163.6777   -255.7387
 162.000 -8.41E-04   3.665E+05 -15256.6496  -3.283E-04    993.7496    331.1528
 168.000  -.002456   2.811E+05 -12961.6289  -2.238E-04    844.5318    433.8541
 174.000  -.003526   2.112E+05 -10234.7909  -1.443E-04    722.5080    475.0919
 180.000  -.004187   1.584E+05  -7424.7209  -8.458E-05    630.2923    461.5981
 186.000  -.004541   1.222E+05  -5612.1720  -3.927E-05    567.0523    142.5849
 192.000  -.004658  91095.1678  -4753.9047  -4.821E-06    512.7404    143.5042
 198.000  -.004599  65149.4740  -3894.2399   2.041E-05    467.4240    143.0508
 204.000  -.004413  44342.2445  -3040.3188   3.809E-05    431.0823    141.5896
 210.000  -.004141  28624.5062  -2197.4603   4.988E-05    403.6298    139.3633
 216.000  -.003814  17918.8526  -1635.5333   5.740E-05    384.9315     47.9457
 222.000  -.003453   8936.1198  -1357.7703   6.173E-05    369.2423     44.6419
 228.000  -.003074   1558.9383  -1101.3018   6.343E-05    356.3574     40.8476
 234.000  -.002692  -4348.0027   -868.5420   6.298E-05    361.2288     36.7390
 240.000  -.002318  -8931.5801   -660.9045   6.083E-05    369.2344     32.4735
 246.000  -.001962 -12344.5550   -478.9213   5.740E-05    375.1954     28.1876
 252.000  -.001629 -14740.6239   -322.3661   5.302E-05    379.3804     23.9975
 258.000  -.001325 -16270.2113   -190.3760   4.801E-05    382.0520     19.9992
 264.000  -.001053 -17076.9910    -81.5710   4.263E-05    383.4611     16.2692
 270.000 -8.14E-04 -17295.1018      5.8355   3.708E-05    383.8420     12.8663
 276.000 -6.08E-04 -17047.0080     73.9341   3.153E-05    383.4087      9.8332
 282.000 -4.35E-04 -16441.9458    125.0278   2.612E-05    382.3519      7.1980
 288.000 -2.95E-04 -15574.8867    161.5520   2.095E-05    380.8375      4.9767
 294.000 -1.84E-04 -14525.9496    186.0061   1.609E-05    379.0054      3.1747
 300.000 -1.02E-04 -13360.1914    200.8961   1.159E-05    376.9693      1.7887
 306.000 -4.50E-05 -12127.7112    208.6877   7.471E-06    374.8167       .8086
 312.000 -1.19E-05 -10864.0076    555.3721   3.758E-06    372.6095    114.7529
 318.000  9.99E-08  -5467.3043    796.2160   1.121E-06    363.1837    -34.4716
 324.000  1.53E-06  -1310.6255    485.8474   2.594E-08    355.9237    -68.9846
 330.000  4.11E-07    362.8368    126.8867  -1.271E-07    354.2683    -50.6690
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 336.000  4.96E-13    212.1523    -30.2382  -3.426E-08    354.0051     -1.7060
 342.000 -1.50E-11     .015734    -17.6800  -4.135E-14    353.6346      5.8920
 348.000 -1.41E-17    -.007739    -.001311   1.250E-12    353.6346   8.670E-04
 354.000  3.48E-18  -1.085E-08   6.449E-04   1.171E-18    353.6346  -2.150E-04
 360.000  9.77E-24      0.0000      0.0000  -5.808E-19    353.6346  -6.026E-10

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =      .34843137 in
Computed slope at pile head      =    5.55112E-17
Maximum bending moment           =   -2340917.763 lbs-in
Maximum shear force              =      50000.000 lbs
Depth of maximum bending moment  =          0.000 in
Depth of maximum shear force     =          0.000 in
Number of iterations             =             28
Number of zero deflection points =              5

------------------------------------------------------------------------------
                        Summary of Pile-head Response
------------------------------------------------------------------------------

Definition of symbols for pile-head boundary conditions:

y = pile-head displacment, in
M = pile-head moment, lbs-in
V = pile-head shear force, lbs
S = pile-head slope, radians
R = rotational stiffness of pile-head, in-lbs/rad

 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  2  V= 50000.000 S=     0.000  90000.0000       .3484  -2.341E+06  50000.0000

------------------------------------------------------------------------------
                     Pile-head Deflection vs. Pile Length
------------------------------------------------------------------------------

Boundary Condition Type 2, Shear and Slope

Shear      =          50000. lbs
Slope      =          .00000
Axial Load =          90000. lbs

   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   360.000     .34843137  -2340917.763     50000.000
   342.000     .36303684  -2363403.300     50000.000
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   324.000     .36505965  -2365658.078     50000.000
   306.000     .36539383  -2365710.225     50000.000
   288.000     .36389376  -2363593.861     50000.000
   270.000     .36431223  -2365030.544     50000.000
   252.000     .36386771  -2365426.909     50000.000
   234.000     .36451849  -2364160.349     50000.000
   216.000     .37278514  -2371108.853     50000.000
   198.000     .39098800  -2388768.776     50000.000

The analysis ended normally. 
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==============================================================================

                    LPILE Plus for Windows, Version 4.0

               Analysis of Individual Piles and Drilled Shafts
              Subjected to Lateral Loading Using the p-y Method

                   (c) Copyright ENSOFT, Inc., 1985-2001
                             All Rights Reserved

==============================================================================

This program is licensed to: 

IT - San Jose
URS Corporation

Path to file locations:      X:\101-Sonoma\geotech\Analysis\Pile Design\Lateral\For 
Bridge\New Folder\
Name of input data file:     Willow Brook Creek_Abutment_18 inch CISS Pile_Free 
Head.lpd
Name of output file:         Willow Brook Creek_Abutment_18 inch CISS Pile_Free 
Head.lpo
Name of plot output file:    Willow Brook Creek_Abutment_18 inch CISS Pile_Free 
Head.lpp
Name of runtime file:        Willow Brook Creek_Abutment_18 inch CISS Pile_Free 
Head.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  June  4, 2009     Time:  11:24:48

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Sonoma 101 Segment B-Abutments 1 & 4-18-in CISS Pile-Free                       

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units, inches, pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis does not use p-y multipliers (individual pile or shaft action only)
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
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- Analysis assumes no soil movements acting on pile
- Additional p-y curves computed at specified depths

Solution Control Parameters:
- Number of pile increments            =           60
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     360.00 in
Depth of ground surface below top of pile =     -72.00 in
Slope angle of ground surface             =      26.60 deg.

Structural properties of pile defined using  2 points

Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000        18.000    5152.9000     254.5000   3605000.000
  2     360.0000        18.000    5152.9000     254.5000   3605000.000

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  9 layers

Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -72.000 in
Distance from top of pile to bottom of layer =       24.000 in
p-y subgrade modulus k for top of soil layer =      300.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      300.000 lbs/in**3

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =       24.000 in
Distance from top of pile to bottom of layer =      108.000 in
p-y subgrade modulus k for top of soil layer =      300.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      300.000 lbs/in**3

Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      108.000 in
Distance from top of pile to bottom of layer =      180.000 in
p-y subgrade modulus k for top of soil layer =      625.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      625.000 lbs/in**3

Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      180.000 in
Distance from top of pile to bottom of layer =      216.000 in
p-y subgrade modulus k for top of soil layer =       72.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       72.000 lbs/in**3
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Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      216.000 in
Distance from top of pile to bottom of layer =      312.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  6 is stiff clay without free water
Distance from top of pile to top of layer    =      312.000 in
Distance from top of pile to bottom of layer =      444.000 in
p-y subgrade modulus k for top of soil layer =      625.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      625.000 lbs/in**3

Layer  7 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      444.000 in
Distance from top of pile to bottom of layer =      564.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  8 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      564.000 in
Distance from top of pile to bottom of layer =      720.000 in
p-y subgrade modulus k for top of soil layer =      100.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      100.000 lbs/in**3

Layer  9 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      720.000 in
Distance from top of pile to bottom of layer =      828.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

(Depth of lowest layer extends  468.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Distribution of effective unit weight of soil with depth
is defined using 18 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -72.00         .07240
  2            24.00         .07240
  3            24.00         .06620
  4           108.00         .06620
  5           108.00         .03370
  6           180.00         .03370
  7           180.00         .03640
  8           216.00         .03640
  9           216.00         .03890
 10           312.00         .03890
 11           312.00         .03760
 12           444.00         .03760
 13           444.00         .04040
 14           564.00         .04040
 15           564.00         .04450
 16           720.00         .04450
 17           720.00         .04450
 18           828.00         .04450
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------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Distribution of shear strength parameters with depth
defined using 18 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -72.000       10.41700             .00           .00800        .0
  2       24.000       10.41700             .00           .00800        .0
  3       24.000       12.50000             .00           .00800        .0
  4      108.000       12.50000             .00           .00800        .0
  5      108.000       17.36100             .00           .00600        .0
  6      180.000       17.36100             .00           .00600        .0
  7      180.000        5.55600             .00           .01000        .0
  8      216.000        5.55600             .00           .01000        .0
  9      216.000         .00000           32.00           ------    ------
 10      312.000         .00000           32.00           ------    ------
 11      312.000       17.36100             .00           .00600        .0
 12      444.000       17.36100             .00           .00600        .0
 13      444.000         .00000           32.00           ------    ------
 14      564.000         .00000           32.00           ------    ------
 15      564.000         .00000           36.00           ------    ------
 16      720.000         .00000           36.00           ------    ------
 17      720.000         .00000           38.00           ------    ------
 18      828.000         .00000           38.00           ------    ------

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

Static loading criteria was used for computation of  p-y curves

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  1

Load Case Number  1

Pile-head boundary conditions are Shear and Moment (BC Type 1)
Shear force at pile head    =       50000.000 lbs
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs

(Zero moment at pile head for this load indicates a free-head condition)

------------------------------------------------------------------------------
                   Output of p-y Curves at Specified Depths
------------------------------------------------------------------------------
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p-y curves are generated and printed for verification at  1 depths.

Depth      Depth Below Pile Head      Depth Below Ground Surface
 No.                 in                         in
-----      ---------------------      --------------------------
  1                60.000                    132.000

Depth of ground surface below top of pile =     -72.00 in

p-y Curve Computed Using Criteria for Stiff Clay without Free Water

Soil Layer Number          =          2
Depth below pile head      =       60.000 in
Depth below ground surface =      132.000 in
Equivalent Depth           =      114.048 in
Diameter                   =       18.000 in
Undrained cohesion, c      =     12.50000 lbs/in**2
Avg. Undrained cohesion, c =     12.50000 lbs/in**2
Average Eff. Unit Weight   =       .07071 lbs/in**3
Epsilon-50                 =       .00800
Pct                        =     1021.452 lbs/in
Pcd                        =     2025.000 lbs/in
y50                        =         .360 in
p-multiplier               =      1.00000
y-multiplier               =      1.00000

        y, in            p, lbs/in
----------------    -----------------
          .0000             .000
          .0001           57.440
          .0003           85.894
          .0006          102.145
          .0029          152.743
          .0058          181.643
          .0288          271.619
          .0576          323.011
          .1440          406.165
          .2880          483.015
          .4320          534.544
          .5760          574.405
         1.4400          722.275
         2.8800          858.935
         5.7600         1021.452
         6.4800         1021.452
         7.2000         1021.452

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Shear and Moment (BC Type 1)
Specified shear force at pile head    =       50000.000 lbs
Specified bending moment at pile head =            .000 in-lbs
Specified axial load at pile head     =       90000.000 lbs
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(Zero moment for this load indicates free-head conditions)

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res
    X         y          M           V           S        Stress        p
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in
-------- --------- ----------- ----------- ----------- ----------- -----------
   0.000     1.514   4.583E-07  50000.0000    -.016340    353.6346   -492.0596
   6.000     1.416   3.000E+05  47017.1520    -.016291    877.5527   -502.2231
  12.000     1.318   5.818E+05  43976.4172    -.016149   1369.8010   -511.3552
  18.000     1.222   8.451E+05  40884.1042    -.015918   1829.7196   -519.4158
  24.000     1.127   1.090E+06  37902.1932    -.015606   2256.7212   -474.5546
  30.000     1.035   1.317E+06  34774.6026    -.015217   2653.5523   -567.9756
  36.000   .944753   1.523E+06  31348.1502    -.014759   3014.2694   -574.1752
  42.000   .857677   1.709E+06  27888.6791    -.014237   3338.4200   -578.9818
  48.000   .773912   1.873E+06  24404.7051    -.013658   3625.6452   -582.3429
  54.000   .693778   2.017E+06  20905.0698    -.013030   3875.6837   -584.2022
  60.000   .617553   2.138E+06  17398.9639    -.012359   4088.3748   -584.4997
  66.000   .545470   2.239E+06  13895.9547    -.011652   4263.6628   -583.1700
  72.000   .477727   2.318E+06  10406.0222    -.010916   4401.6007   -580.1409
  78.000   .414475   2.375E+06   6939.6050    -.010158   4502.3550   -575.3315
  84.000   .355826   2.412E+06   3507.6613    -.009385   4566.2104   -568.6497
  90.000   .301851   2.428E+06    121.7491    -.008604   4593.5759   -559.9877
  96.000   .252581   2.423E+06  -3205.8622    -.007820   4584.9915   -549.2161
 102.000   .208006   2.398E+06  -6462.0369    -.007042   4541.1358   -536.1754
 108.000   .168077   2.353E+06  -9648.6868    -.006275   4462.8366   -526.0412
 114.000   .132708   2.289E+06 -13357.5104    -.005525   4350.7447   -710.2333
 120.000   .101774   2.198E+06 -17526.1407    -.004801   4193.2981   -679.3101
 126.000   .075100   2.083E+06 -21493.6680    -.004109   3992.4686   -643.1990
 132.000   .052463   1.945E+06 -25224.6300    -.003459   3750.5620   -600.4550
 138.000   .033596   1.784E+06 -28670.7679    -.002856   3470.3079   -548.2576
 144.000   .018187   1.604E+06 -31755.0087    -.002309   3155.0373   -479.8227
 150.000   .005886   1.406E+06 -34302.0142    -.001823   2809.1082   -369.1792
 156.000  -.003690   1.194E+06 -33967.9189    -.001403   2439.5378    480.5443
 162.000  -.010952   9.998E+05 -30633.3477    -.001049   2099.8189    630.9795
 168.000  -.016276   8.278E+05 -26650.2398  -7.537E-04   1799.4697    696.7231
 174.000  -.019996   6.808E+05 -22359.4638  -5.101E-04   1542.6763    733.5356
 180.000  -.022397   5.600E+05 -18052.0511  -3.097E-04   1331.7982    702.2687
 186.000  -.023712   4.645E+05 -15298.4227  -1.442E-04   1164.9062    215.6075
 192.000  -.024127   3.766E+05 -14001.9604  -8.370E-06   1011.4295    216.5466
 198.000  -.023812   2.965E+05 -12704.8061   1.003E-04    871.4539    215.8382
 204.000  -.022923   2.241E+05 -11415.9062   1.844E-04    744.9593    213.7951
 210.000  -.021600   1.593E+05 -10142.5981   2.463E-04    631.8393    210.6409
 216.000  -.019967   1.021E+05  -8753.0486   2.885E-04    531.9153    252.5423
 222.000  -.018137  53936.4036  -7287.6411   3.137E-04    447.8393    235.9268
 228.000  -.016203  14283.1348  -5930.0710   3.247E-04    378.5813    216.5965
 234.000  -.014241 -17575.1505  -4693.8014   3.242E-04    384.3311    195.4934
 240.000  -.012313 -42392.6088  -3586.9494   3.145E-04    427.6771    173.4573
 246.000  -.010467 -60958.2108  -2612.9178   2.978E-04    460.1035    151.2199
 252.000  -.008739 -74069.2643  -1771.0499   2.760E-04    483.0032    129.4027
 258.000  -.007155 -82508.9007  -1057.2855   2.507E-04    497.7437    108.5187
 264.000  -.005730 -87027.4718   -464.7986   2.233E-04    505.6358     88.9769
 270.000  -.004474 -88327.6948     15.3995   1.950E-04    507.9068     71.0891
 276.000  -.003390 -87053.3043    393.9019   1.667E-04    505.6809     55.0784
 282.000  -.002474 -83780.9092    682.4026   1.391E-04    499.9654     41.0886
 288.000  -.001721 -79014.7131    893.2512   1.128E-04    491.6408     29.1943
 294.000  -.001120 -73183.7406   1039.0667   8.824E-05    481.4565     19.4109
 300.000 -6.62E-04 -66641.2123   1132.4107   6.566E-05    470.0294     11.7038
 306.000 -3.32E-04 -59665.7244   1185.5142   4.526E-05    457.8461      5.9974
 312.000 -1.19E-04 -52463.9241   1814.2306   2.715E-05    445.2675    203.5747
 318.000 -6.47E-06 -37924.2823   2720.2787   1.256E-05    419.8727     98.4413
 324.000  3.21E-05 -19834.1397   2575.0336   3.228E-06    388.2767   -146.8563
 330.000  3.23E-05  -7027.3650   1693.3665  -1.110E-06    365.9085   -147.0327
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 336.000  1.88E-05    487.4575    866.9019  -2.167E-06    354.4860   -128.4555
 342.000  6.26E-06   3377.7983    188.6860  -1.542E-06    359.5342    -97.6165
 348.000  2.77E-07   2753.3554   -239.0394  -5.522E-07    358.4436    -44.9586
 354.000 -3.68E-07    509.9215   -229.4485  -2.522E-08    354.5252     48.1556
 360.000 -2.55E-08      0.0000      0.0000   5.713E-08    353.6346     28.3273

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =     1.51387987 in
Computed slope at pile head      =     -.01633977
Maximum bending moment           =    2427554.848 lbs-in
Maximum shear force              =      50000.000 lbs
Depth of maximum bending moment  =         90.000 in
Depth of maximum shear force     =          0.000 in
Number of iterations             =             36
Number of zero deflection points =              4

------------------------------------------------------------------------------
                        Summary of Pile-head Response
------------------------------------------------------------------------------

Definition of symbols for pile-head boundary conditions:

y = pile-head displacment, in
M = pile-head moment, lbs-in
V = pile-head shear force, lbs
S = pile-head slope, radians
R = rotational stiffness of pile-head, in-lbs/rad

 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  1  V= 50000.000 M=     0.000  90000.0000      1.5139   2.428E+06  50000.0000

------------------------------------------------------------------------------
                     Pile-head Deflection vs. Pile Length
------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =          50000. lbs
Moment     =              0. in-lbs
Axial Load =          90000. lbs

   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   360.000    1.51387987   2427554.848     50000.000
   342.000    1.56629896   2442059.571     50000.000
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   324.000    1.58054300   2437192.450     50000.000
   306.000    1.57918199   2439178.524     50000.000
   288.000    1.57364507   2437751.608     50000.000
   270.000    1.57917037   2435911.049     50000.000
   252.000    1.57901845   2438680.878     50000.000
   234.000    1.59266184   2429681.271     50000.000
   216.000    1.88283626   2332897.343     50000.000
   198.000    2.18739576   2256929.586     50000.000

The analysis ended normally. 
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Willow Brook Creek_Bent_18 in CISS-Load @ mud line.lpo
==============================================================================

                    LPILE Plus for Windows, Version 4.0

               Analysis of Individual Piles and Drilled Shafts
              Subjected to Lateral Loading Using the p-y Method

                   (c) Copyright ENSOFT, Inc., 1985-2001
                             All Rights Reserved

==============================================================================

This program is licensed to: 

IT - San Jose
URS Corporation

Path to file locations:      X:\101-Sonoma\geotech\Analysis\Pile Design\Lateral\For 
Bridge\New Folder\
Name of input data file:     Willow Brook Creek_Bent_18 in CISS-Load @ mud line.lpd
Name of output file:         Willow Brook Creek_Bent_18 in CISS-Load @ mud line.lpo
Name of plot output file:    Willow Brook Creek_Bent_18 in CISS-Load @ mud line.lpp
Name of runtime file:        Willow Brook Creek_Bent_18 in CISS-Load @ mud line.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  June  4, 2009     Time:  11:21:31

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Sonoma 101 Segment B-Willow Brook - 18 in CISS-Loads @ mud line (scour)         

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units, inches, pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis does not use p-y multipliers (individual pile or shaft action only)
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- Additional p-y curves computed at specified depths

Solution Control Parameters:
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Willow Brook Creek_Bent_18 in CISS-Load @ mud line.lpo
- Number of pile increments            =           60
- Maximum number of iterations allowed =          200
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     360.00 in
Depth of ground surface below top of pile =        .00 in
Slope angle of ground surface             =        .00 deg.

Structural properties of pile defined using  2 points

Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000        18.000    5152.9000     254.4000   3605000.000
  2     360.0000        18.000    5152.9000     254.4000   3605000.000

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  5 layers

Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =         .000 in
Distance from top of pile to bottom of layer =       60.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =       60.000 in
Distance from top of pile to bottom of layer =      180.000 in
p-y subgrade modulus k for top of soil layer =      625.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      625.000 lbs/in**3

Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      180.000 in
Distance from top of pile to bottom of layer =      298.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  4 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      298.000 in
Distance from top of pile to bottom of layer =      442.000 in
p-y subgrade modulus k for top of soil layer =      100.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      100.000 lbs/in**3

Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      442.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
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p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

(Depth of lowest layer extends  440.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Distribution of effective unit weight of soil with depth
is defined using 10 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1              .00         .03890
  2            60.00         .03890
  3            60.00         .03760
  4           180.00         .03760
  5           180.00         .04040
  6           298.00         .04040
  7           298.00         .04450
  8           442.00         .04450
  9           442.00         .04450
 10           800.00         .04450

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Distribution of shear strength parameters with depth
defined using 10 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1         .000         .00000           32.00           ------    ------
  2       60.000         .00000           32.00           ------    ------
  3       60.000       17.36100             .00           .00600        .0
  4      180.000       17.36100             .00           .00600        .0
  5      180.000         .00000           32.00           ------    ------
  6      298.000         .00000           32.00           ------    ------
  7      298.000         .00000           36.00           ------    ------
  8      442.000         .00000           36.00           ------    ------
  9      442.000         .00000           38.00           ------    ------
 10      800.000         .00000           38.00           ------    ------

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

Static loading criteria was used for computation of  p-y curves

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
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------------------------------------------------------------------------------

Number of loads specified =  1

Load Case Number  1

Pile-head boundary conditions are Shear and Moment (BC Type 1)
Shear force at pile head    =       25000.000 lbs
Bending moment at pile head =     4608000.000 in-lbs
Axial load at pile head     =      140000.000 lbs

Non-zero moment at pile head for this load case indicates the pile-head 
may rotate under the applied pile-head loading, but is not a free-head
(zero moment )condition.

------------------------------------------------------------------------------
                   Output of p-y Curves at Specified Depths
------------------------------------------------------------------------------

p-y curves are generated and printed for verification at  1 depths.

Depth      Depth Below Pile Head      Depth Below Ground Surface
 No.                 in                         in
-----      ---------------------      --------------------------
  1               200.000                    200.000

Depth of ground surface below top of pile =        .00 in

p-y Curve in Sand Computed Using Reese Criteria

Soil Layer Number           =            3
Depth below pile head       =      200.000 in
Depth below ground surface  =      200.000 in
Equivalent Depth (see note) =      208.818 in
Pile Diameter               =       18.000 in
Angle of Friction           =       32.000 deg.
Avg. Eff. Unit Weight       =       .03827 lbs/in**3
k                           =       60.000 pci  
A (static)                  =        .8800
B (static)                  =        .5000
Pst                         =     4230.977 lbs/in
Psd                         =     5071.938 lbs/in
Ps                          =     4230.977 lbs/in
pu                          =     3723.260 lbs/in
Cbar                        =    4398.6661
n                           =       1.6447
m                           =    4287.3905
yk                          =        .0692  in
ym                          =        .3000  in
yu                          =        .6750  in
p-multiplier                =      1.00000
y-multiplier                =      1.00000

If Psd <= Pst then actual depth is used in place of equivalent depth in
computations.

        y, in             p, lbs/in
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----------------    -----------------
          .0000             .000
          .0250          313.227
          .0500          626.454
          .0750          910.664
          .1000         1084.728
          .1250         1242.345
          .1500         1387.984
          .1750         1524.362
          .2000         1653.283
          .2250         1776.020
          .2500         1893.514
          .2750         2006.482
          .3000         2115.489
          .6750         3723.260
        18.6750         3723.260
        36.6750         3723.260
        54.6750         3723.260

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Shear and Moment (BC Type 1)
Specified shear force at pile head    =       25000.000 lbs
Specified bending moment at pile head =     4608000.000 in-lbs
Specified axial load at pile head     =      140000.000 lbs

Non-zero moment for this load case indicates the pile-head may rotate under 
the applied pile-head loading, but is not a free-head (zero moment )condition.

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res
    X         y          M           V           S        Stress        p
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in
-------- --------- ----------- ----------- ----------- ----------- -----------
   0.000     4.240   4.608E+06  25000.0000    -.050734   8598.5980      0.0000
   6.000     3.940   4.800E+06  24878.6540    -.049215   8933.9284    -40.4487
  12.000     3.649   4.989E+06  24491.8727    -.047634   9264.4409    -88.4784
  18.000     3.368   5.174E+06  23809.2888    -.045993   9587.0258   -139.0495
  24.000     3.097   5.352E+06  22825.5022    -.044293   9898.4159   -188.8794
  30.000     2.837   5.522E+06  21549.9554    -.042536  10195.3935   -236.3029
  36.000     2.587   5.682E+06  20000.5238    -.040727  10474.8962   -280.1743
  42.000     2.348   5.831E+06  18201.7074    -.038868  10734.0897   -319.4312
  48.000     2.120   5.966E+06  16175.0017    -.036962  10970.4352   -356.1373
  54.000     1.904   6.087E+06  13929.2895    -.035016  11181.5606   -392.4334
  60.000     1.700   6.192E+06  10225.2403    -.033033  11365.1265   -842.2497
  66.000     1.508   6.265E+06   5116.7023    -.031021  11492.7998   -860.5963
  72.000     1.328   6.305E+06    -91.6936    -.028991  11563.3924   -875.5356
  78.000     1.160   6.313E+06  -5379.0605    -.026953  11575.9458   -886.9200
  84.000     1.004   6.286E+06 -10723.5686    -.024919  11529.7407   -894.5827
  90.000   .861055   6.226E+06 -16102.3101    -.022898  11424.3078   -898.3311
  96.000   .729700   6.131E+06 -21491.1182    -.020902  11259.4401   -897.9383
 102.000   .610227   6.003E+06 -26864.3186    -.018943  11035.2069   -893.1285
 108.000   .502388   5.841E+06 -32194.3715    -.017030  10751.9717   -883.5558
 114.000   .405869   5.645E+06 -37451.3404    -.015175  10410.4130   -868.7672
 120.000   .320290   5.417E+06 -42602.0646    -.013388  10011.5535   -848.1409
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 126.000   .245209   5.157E+06 -47608.7995    -.011681   9556.7983   -820.7708
 132.000   .180121   4.865E+06 -52426.8160    -.010062   9047.9918   -785.2347
 138.000   .124462   4.544E+06 -56999.7237    -.008543   8487.5063   -739.0678
 144.000   .077610   4.196E+06 -61248.8973    -.007131   7878.3968   -677.3234
 150.000   .038889   3.821E+06 -65042.3963    -.005836   7224.7108   -587.1763
 156.000   .007573   3.425E+06 -68008.7634    -.004666   6532.2940   -401.6128
 162.000  -.017105   3.013E+06 -67694.7056    -.003626   5813.0019    506.2987
 168.000  -.035943   2.619E+06 -64296.1024    -.002717   5124.1167    626.5690
 174.000  -.049707   2.246E+06 -60322.7928    -.001931   4473.3873    697.8675
 180.000  -.059118   1.898E+06 -56287.9168    -.001262   3865.4736    647.0911
 186.000  -.064850   1.573E+06 -52163.4218  -7.014E-04   3297.3477    727.7405
 192.000  -.067535   1.273E+06 -47605.6347  -2.418E-04   2774.2348    791.5219
 198.000  -.067752   1.002E+06 -42710.7435   1.257E-04   2300.2872    840.1085
 204.000  -.066027   7.606E+05 -37661.1225   4.103E-04   1878.6885    843.0985
 210.000  -.062828   5.493E+05 -32657.2177   6.219E-04   1509.7411    824.8698
 216.000  -.058564   3.676E+05 -27812.6739   7.699E-04   1192.3988    789.9782
 222.000  -.053588   2.143E+05 -23216.2887   8.639E-04    924.5540    742.1502
 228.000  -.048197  87574.9946 -18935.3197   9.127E-04    703.2720    684.8395
 234.000  -.042636 -14488.3282 -15017.2780   9.245E-04    575.6196    621.1744
 240.000  -.037104 -94185.4398 -11491.9801   9.069E-04    714.8177    553.9248
 246.000  -.031754  -1.539E+05  -8373.7586   8.668E-04    819.1420    485.4823
 252.000  -.026702  -1.961E+05  -5663.7451   8.103E-04    892.8675    417.8555
 258.000  -.022030  -2.232E+05  -3352.1501   7.426E-04    940.2265    352.6762
 264.000  -.017791  -2.376E+05  -1420.4769   6.682E-04    965.3044    291.2149
 270.000  -.014012  -2.414E+05    156.3812   5.908E-04    971.9590    234.4045
 276.000  -.010701  -2.367E+05   1408.1998   5.136E-04    963.7604    182.8684
 282.000  -.007849  -2.254E+05   2367.6645   4.390E-04    943.9514    136.9532
 288.000  -.005433  -2.090E+05   3068.8125   3.688E-04    915.4244     96.7628
 294.000  -.003423  -1.892E+05   3545.6828   3.045E-04    880.7141     62.1940
 300.000  -.001779  -1.670E+05   3876.7315   2.470E-04    842.0036     48.1556
 306.000 -4.59E-04  -1.431E+05   4059.3206   1.969E-04    800.1861     12.7074
 312.000  5.83E-04  -1.186E+05   4047.9764   1.546E-04    757.5018    -16.4888
 318.000   .001396 -94746.7017   3877.6064   1.202E-04    715.7980    -40.3012
 324.000   .002026 -72294.5823   3577.6655   9.320E-05    676.5834    -59.6791
 330.000   .002515 -51971.2963   3171.8275   7.313E-05    641.0870    -75.6002
 336.000   .002903 -34355.5182   2677.9667   5.919E-05    610.3194    -89.0200
 342.000   .003225 -19935.1397   2108.4332   5.043E-05    585.1330   -100.8245
 348.000   .003508  -9139.0336   1470.6073   4.573E-05    566.2766   -111.7842
 354.000   .003774  -2364.6787    767.7282   4.387E-05    554.4446   -122.5088
 360.000   .004035      0.0000      0.0000   4.349E-05    550.3145   -133.4006

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =     4.23969737 in
Computed slope at pile head      =     -.05073413
Maximum bending moment           =    6312663.959 lbs-in
Maximum shear force              =     -68008.763 lbs
Depth of maximum bending moment  =         78.000 in
Depth of maximum shear force     =        156.000 in
Number of iterations             =             35
Number of zero deflection points =              2

------------------------------------------------------------------------------
                        Summary of Pile-head Response
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Willow Brook Creek_Bent_18 in CISS-Load @ mud line.lpo
------------------------------------------------------------------------------

Definition of symbols for pile-head boundary conditions:

y = pile-head displacment, in
M = pile-head moment, lbs-in
V = pile-head shear force, lbs
S = pile-head slope, radians
R = rotational stiffness of pile-head, in-lbs/rad

 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  1  V= 25000.000 M=  4.61E+06   1.400E+05      4.2397   6.313E+06 -68008.7634

------------------------------------------------------------------------------
                     Pile-head Deflection vs. Pile Length
------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =          25000. lbs
Moment     =        4608000. in-lbs
Axial Load =         140000. lbs

   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   360.000    4.23969737   6312663.959    -68008.763
   342.000    4.31921066   6336474.756    -68363.019
   324.000    4.37272435   6354346.566    -68639.587
   306.000    4.28361392   6327569.926    -68425.584
   288.000    4.31857597   6338897.666    -68270.886
   270.000    4.33366466   6344782.407    -68293.929
   252.000    4.35566310   6344874.189    -68802.285
   234.000    4.43479358   6347101.151    -71845.782
   216.000    5.09346791   6374521.248    -80775.240

The analysis ended normally. 
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Supplemental Project Information 

Storm Water Information Handout 
04-SON-1 01, PM 7.118.9 

EA: 04-OA1841 
August 19,2010 

CONTENTS: 
1. Notice of Intent 
2. Site Maps 

a. Location Map 
b. Vicinity Map 

3. Sampling Locations on Drainage Plans 
4. Rainfall Data" 

a. IDF curves 
b. Runoff Coefficient 

5. Shed map 
6. Risk Level Assessment 
7.401 permit 

Disclaimer 
A "Disclaimer" is required specifying that the dormation provided in the Storm Water 
Information Handout is just a guideline and is to be used for information purposes only 
and should not be considered a sole source document to adhere to the requirements of the 
new National Pollutant Discharge Elimination System (NPDES) Construction General 
Permit (CGP), Number CAS000002, adopted on September 2,2009. The contractor is 
required to provide water quality monitoring, sampling and implement best management 
practices (BMPs) based on standard industry operations, field conditions and conditions 
encountered based on the contractor's means and methods. Thc ~nformation in this 
handout is not to be construed in any way as a waiver of the provisions in the CGP. 
Bidders and contractors are cautioned to make independent investigations and 
examinations as they deem necessary to satisfy the conditions encountered in 
performance of work, with respect to the following: sampling and monitoring locations, 
distribution of watershed areas for sizing af BMPs, and selection of BMPs in order to 
conform to the requirement of the contract documents and the CGP. 

"Rain fall Data: 
a. Refer to Construction General Permit for Intensities 
b. Refer to Highway Design Manual for Runoff Coefficients 



State Water Resources Contrd W r d  

NOTICE OF INTENT 
TO COMPLY v'nTH THE TERMS OF THE 

GENERAL PERMIT TO DISCHARGE STORM WATER 
ASSOCIATED WlTH CONSTRUCTION ACYlVfTY (WQ ORDER NO. 9 M - D M )  

MARK ONLY ONE ITEM 1. New Construction 2. Change of information fm WI)IDB I 
11. PROPERTY M E R  

Own-e I( one) 1 .[ ] Private Indlvldual 2.t ]Business 3.[ ]Municipal 

Ill. DEVELOPERICONlRACTOR INFORRIIATDN 
DeveloperlConlractw 

V. CONSTRUCTION PROJECT INFORMATION 
SblPmject Name 1 Site Cmtact Person 

Mailing Address - 

Civ 

S ~ Y ~ W O -  io I Ce*lkJ b V  b e s  - S q B .  
Physical Addres-kn Lafiiude I Lmgltude I County 

Title I 

. . 
Acres O. Tract Number(s): up 

Before Construdon: % 
B. Tofal m a  fo be disturbed: 

N.9 f m ( % D f t D G I I l  A&r Constructton: % E. Mite past Maker: 7.1 /gd CL 
F. Is the msbuctbn site part of a larger common plan ddmelapment or ale? I G. Named pian w development: 

SWe 

S O ~ ~ D W Q  CDCIA-~LL)~ I D ( - *  1 . ( /8q j&21j3. ' - 1 d q  sIIOVYICC_ 
City (or neared City) 

YES MO 
J. Pm- construction datm: 

H. Construction cummencement date: 12 1 @I / 
Compete grading: 1 1 arnptete project I 1 3 1 1 

1. %of site to k mass graded: 

K. Typeof Construction (Check all tRat apply): 

ZP Site Phone Number 

zkium, 

5.g Transportation 

Zip 

Emwpmcy Phone Number 

6. [7 Utility Descripfion: 7 . 0  Other (Please List): 

Phone 

A. Total size of mstrudim site area: 1 C. Pelcent of rite im~ehiwsness findudinn rooftops): I 

V. BILLING INFORMATION 

Page ? 



Vi. REGULATORY STATUS 

) Dma the em.btVsed&nt Wnh1 prln a d d m  corMrWm activities uh as infrsstru&wa and SmcUa~? @ YES NO ( 
N W I B ~ I ~  a p q  @&WY~ . phne: 90,286, .L) 7 9~~ 

8 19 this projed er any part .hmM, SsubJaGt to wnditiolls wnmdunder a C W  S h n  4a4 p m ~ t  d 401 Water Qualit)rf?ertificakn? ......................... :.. . YES ND 

I If yes, provide details: . 

Vtl. RECEIVING WATER IPIFOR~TlQlY 
A Doeg the stnrm water runoff from h% construction site discharge lo (Check all that apply): 

I. fl lndirecy C waters of We U.S. 

2. Storm d ~ n  system - Enter ownets name: 

3. M y  to waters oi U.S. (e.g. , river, lake, creek, slmam, bay, ocean, &L) 

- -  

cr&d~*l F N m e  of raraiv; water (fiver, la&, c m k ,  Weam, bay, ocean): n$d 0- 

Vtll. IAAPEMENTAT'ION OF MPDES PERMIT REQUIREMENTS 
A. STORM WATER POLLUTIQN PREVENTii PLAN ( W P P )  (chedl one) -- 1 1 A WFP has k e n  prepad fw this fadlib and is available foa mim Dk Prepared: 2 L Date Amended: 1 , I 

[7 A SWPPP MI be prepared a d  ready for review by (enter date): -)-I- 

n A ten- schedule has been included in the SWPPP far adivities sudl as grading, sheet construclion, b m e  construction, etc. 
B. MONTTORING PROGRAM 

I 17 A monbfing and mainhanca sEhedule has ken  developed that indudes inspeclion ofthe wsmciian BMPs befwe 
ankipated s h  Wmfx and afkr WW storm evwttx a d  is available for re\riw. 

I ......................................................................................... 
H c h ~ ~ k d  a b ~  A qudihed person has k m  - l e d  19sponsibfNy fw pmbm and pst-storm BMP hspections 
fo identity elWwmsa and neceaaaq repah% or desan changes .....-... DYES NO 

N w :  Phcne: 

C. PERMIT C O M P L W E  RESPOWSJBILTrr 

I A q u r d ' i  parson has been zs&d rc*spmib&ty to ensure full compllmca wifh ;l Permlt, and to ImpQernent all e l e m  d W Stam W a k  Po!luCon 
Pfewntion Plan indudlng: 

Flame: Phme; 

2. Mimiflatbg re unauthorized discharges .......................................... n YES n NO 
a 

iX. VICINITY hRAP AND FEE (must show site locatinn in relam to nearest named sfreets, intersections, etc.) 
Have you lnduded a vicinity map wilh fhis subm-&I? ....................................................................................................................... U YES NO 1 

X. CERTIFICATIOMS 

thase persons di- r m s i b k  for gathering the informstion, the information s u b m w  is, to the Mst of my knowtedge and beiief, true, amrate, and mmplete. 
I am ware that fham am significant penatlies fw gubmlfting false infwmstion, indoding the psibilliy of fine or imprisonment. In addifion. I certify that ! haw read the 
entire Gemmi Perm9 including all attachments, and aree to comply with and be bound by all of tRe pravishns, requirements, and pmhbltions of the pennit, indudim 
the development and implemntation of a Stwm Mt%a Pollution Prevention Plan ernd a Monifanng Program Plan win be complied with!' 

Frintsd Name: 

Date: 

Page 2 



Location Map 

Figure 1. Location Map 
Source: USGS 

Attachments 04-Son- 1 0 1 
PM 7.118.9 

EA 04-0A 1 84 1 



Vicinity Map 

Figure 2. Vicinity Map 
Source: USCiS 

Attachments 04-Son- 1 0 l 
PM 7.1iX.9 

F.: A 04-OA 183 1 
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I Combined Risk Level Matrix I 

Sediment Risk 
Low Medium High 

Project Sediment Risk: Medium 
Project RW Risk: High 

Project Combined l ? i s k : l X l  



ed and tend to crust, producing high rates and large volumes of runoff. Use Site-specific data must be submitte - - -- -- - -- - - -- --- 

timate the weighted LS for the site prior to construction. -- --------- ---- 

High Sediment Risk: 



eceiving Water (RW) Risk Factor Worksheet Entry 
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California Regional Water Quality Control Board 
6d San Francisco Bay Region 

Linda S. Adams 
Agency Secrcfaly 

1515 Clay Street, Suite 1400, W a n d ,  California 94612 
(5 10) 622-2300 * Fax (510) 622-2460 
h~:/lwww.watetboardf.ca.gov/smf~ci.~ 

Arnold Scbwmnegger 
Goyernor 

January 27,201 0 
CIWQS Place No. 726190 (BT) 
401 Database Site No. 02-49-C0293 

Sent viu electronic mail: No hard copy to fo/iow 

California Department of Transportation 
Attn: Mr. Eric Schcn 
Eric Schen@,dot.ca.aov 
1 1 1 Grand Ave. 
Oakland, CA 9461 2-37 17 

Subject: Water Quality Certification for the State Route 101 HOV Lanes Project, 
Segment B, City of Petaluma, Sonoma County 

Department Project No.: EA OA1831 

Dear Mr. Schen: 

We havc reviewcd and hereby issue water quality certification to the California Dcpartmcnt of 
Transportation (Department) for the project re fmenccd abovc (hcreinaftcr Project). The 
Department has applied to the U.S. Army Corps of Engineers (Corps) for Nationwide Permit No. 
14: Lineor Transportation Projects, pursuant to Scction 404 of the Clean Water Act (33 U. S .C. 
1344). As such, the Department has applied to the Water Board for a Clean Water Act Scction 
401 water quality certification that the Project wiIl not violate State water quality standards. 

Project: The Department proposes to widen a 1 .&mite segment of State Route 10 1 (SR 10 1) 
from 0.5 1 miles south of the Old Redwood Highway overcrossing to 0.07 miles north of Pepper 
Road. High-occupancy vehicle lanes will bc constructed in each direction, converting SR 10 1 
from a four to six-lane highway. Project activities include widening two existing bridges across 
WiIlow Brook Creek, cut and fill earthwork, and culvert extensions. 

The two cxisting bridges at Willow Brook creek will be widened and fill thc existing 
approximately 26-foot median gap. The outside shoulders of the north and southbound travel 
lanes of SR 101 will each be widened by approximately 9.8 feet. The Pepper Road to 
southbound SR 10 1 on-ramp will bc modified to accommodate a ramp metering system. 

lmpacts: Project implementation will result in the permanent fill of approximately 0.25 acres of 
jurisdictional scasonal freshwater wetlands, 26 linear feet (0.0 14 acres) of Willow Brook Creek, 

Preservitlg, e~lhancing, and restoring fhe Sun Francisco B q  Area's wufers for over 50 years 

Gd Rc~ycled Pnper 



California Department of Transportation 
MI. Eric Schen 

State Route 101 HOV Lana Project, Segment B 
EA No.:OA 1 X3 1 

CIWQS Place No.: 72615% 

and 0.052 acres (1,129 linear feet) of jurisdictiond roadside drainages. Approximately 0.10 
acres (2,200 linear feet) of drainage ditches will be fillcd and re-built, in-kind, adjacent their 
former locations. Three to four willow trees will be removcd from the banks of Willow Brook 
Creek due to bridge widening into the median. 

Project implementation would result in approximately 13.3 acres of added impervious area. 
Stormwater runoff from impervious areas may contain hydrocarbons, metals, volatile organic 
compounds, trash, and scdiment at levels that may significantly impact jurisdictional waters if 
left untreated. 

Based upon a hydromodification susceptibility analysis prepared by WRECO and dated Octobcr 
IS, 2009, this Project will not result in hydromodification impacts due primarily to low-gradient 
receiving waters. 

Mitigation: To mitigate for permanent impacts to jurisdictional seasonal freshwater wetlands, 
Willow Brook Creek, and the jurisdictional roadside drainage, the Department shall purchase 0.3 
acres of wetland mitigation bank credits from Burdell Ranch Wetland Conservation Bank. The 
Department shall also plant and establish six wilIow trees on the southcastcrn bank of Willow 
Brook Creek. To mitigate for permanently impact roadside drainage ditches, all permanently 
impactcd ditches shall be re-built, in-kind, adjacent their former locations (except for the 
drainage dtch between stations 41 1 +7 1 and 425+07, which shall be mitigated for using 
mitigation crcdits at Burdell Ranch). 

As mitigation for increased pollutant loads associated with impervious areas, the Department 
shall provide treatment of stomwater runoff from approximately 14.2 acres of impervious area 
using 16 compost-amended biofiltration strips. The following biofiltration strips and 
corresponding locations will mitigate water quality impacts resulting from Project 
implementation: 
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The Department is proposing to treat stormwater runoff from approximately 14.2 acres of 
impervious area, approximately 0.9 acres above what is required by the Water Board. This 
surplus area af treatment may be applied as &it to a future Departmat Project in the Project 
watershed. 

Wetland Tracking System: The Water Board tracks routine riparian repair and creek 
maintenance projects in an effort to detect potential systemic instabilities and document project 
performance in the creeks of the Bay Area. As such, the Applicant is required to submit a 
Riparian Repair and Maintenance Wetland Tracker short fum describing Project size, type, and 
performance measures. An electronic copy of the short form and instructions can be downloaded 
at: htt~:/lwww .waterboards.ca.gov/sanfranciscobay/certs. shtml. 
Project information will be made available at the web link: m/ /~e t l an&rwker~~rg .  

CEQA Compliance: The Project complied with the California Environmental Quality Act via 
the August 30,2007, Highway 101 HO V Lane Widening Project Petahitria to Rohnert Park, 
EnvironmentuZ Assessmenf/Fi~aal Emironmental Impact Report. 

Certification: I hereby issue an order certifying that any discharge from the rcferenced project 
will comply with the applicable provisions of sections 301 (Effluent Limitations), 302 (Water 
Quality Related Effluent Limitations), 303 (Water Quality Standards and ImpIementation Plans), 
306 (National SStadards of Performance), and 307 (Toxic and Pretreatment Effluent Standards) 
of the Clcan Water Act, and with other applicable requirements of State law. This discharge is 
also regulated under State Water Resources Control Board Order No. 2003 - 00 17 - DWQ, 
"General Waste Discharge Requirements for Dredge and Fill Discharges That Have Received 
State Water Quality Certification" which requires compliance with all conditions of this Water 
Quality Certification. The following conditions are associated with this certification: 

1. The Departmat shall adhere to the Standard conditions imposed by Nationwide Permit 
No. 14, issued to the Department by the Corps; 

2. The Project shall be constructed in conformance with the Project Description described in 
this certification and certification application materials. Any change in the Project may 
require amendment of the certification and shall be reported to the Water Board. Any 
change in Project description must be accepted by the Water Board Executive Officer prior 
to implementation of said change in the Project; 

3. Commencement of any Project element is prohibited until the Department has provided 
Water Board receipt of 0.3 acres of wetland mitigation bank credit from the Burdell Ranch 
Wetland Conservation Bank; 
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4. Except as expressly allowed in this certification, no equipment shall be operated in areas of 
flowing or standing water; no fueling, clcaning or maintenance of vehicles or equipment 
shall take place within jurisdictional waters or within any areas where an accidental 
discharge to waters of the State may occur; 

5. A11 temporarily impacted areas shall be restored to pre-construction or enhanced 
conditions; 

6. Except for the drainage ditch between stations 41 1+71 and 423-07, all permancntly 
impacted roadside drainage ditches shall be re-built, in-kind, adjacent thcir former 
locations by Project completion; 

7. Except as expressly allowed in this Certification, the discharge, or creation of the potential 
for discharge, to waters of the State of any construction wastes andlor soil materials 
including cement, fresh concrete, or washings thereof, silts, clay, sand, oil or petroleum 
products and other organic materials to waters of the State is prohibited; 

8. The Department shall install biofiltration strips at the abovementioned locations by Projcct 
completion. All strips shall be compost-amcnded. To avoid damage to the strips from 
construction-related activities (e.g., compaction and sedimentation), the Department shall 
use order of work specifications to ensure the strips are constructed aftcr major 
construction activities have been completed. If the Department cannot reserve strip 
construction until the final constructions stage, then Best Management Practices (BMPs) 
shall be detailed in the Stormwater Pollution Prevention Plan to either prevent andlor 
arnelioratc damage to the BMPs. A BMP inspection report and description of any BMP 
rcpair measurcs shalI be provided upon request by the Water Board; 

9. The Departmcnt shall fully implement the "Willow Brook Creek Willow Tree Mitigation 
and Monitoring Plan (Plan)," dated November 2009, and incIudcd in this certification as 
Attachment A. The Department shall: 

a. Not deem willow plantings successful sooner than five growing seasons aftcr 
planting, whereupon five of the six planted wilIows shall exhibit average or 
improved health and vigor from the previous two growing seasons; 

b. Provide additional planting, maintenance and monitoring until the success criteria 
is satisfied if the above success criteria is not met; 

c. Deem willow plantings successful before two full growing seasons have passcd 
upon termination of supplemental watering; and, 

d. At a minimum, submit years 0, 1,3  and 5 monitoring reports to the Water Board. 

f 0. Willows planted as described in the Plan, and other native streamside vegetation growing 
on the southeastern bank of Willow Brook Creek, shall not be removed or trimmed at any 
time without authorization from the Water Board; 
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I I. All work in Willow Brook Creek shall be conducted only between June 15 and October 15; 

12. This certification does not allow for the take, or incidental take, of any special status 
species. The Department shall use the appropriate protocols, as approved by the California 
Deparbnent of Fish and Game and the U.S. Fish and Wildlife Service, to ensure that 
Project activities do not impact the Beneficial Use of the Preservation of Rare and 
Endangered Species; 

1 3. Thc Departmmt shall maintain a copy of this water quality certificatiozl at the Project site 
so as to be availabIe at all times to site operating personnel. It is the responsibility of the 
Department to assurc that all personnel (employees, contractors, and subcontractors) are 
adequately informed and trained regarding the conditions of this certification; 

14. Not later than 30 days prior to the beginning of construction of any Project component, the 
Department shall submit, acceptable to the Executive Officer, a final SWPPP to address the 
Project's expected construction stage impacts, prepared pursuant to the State Water 
Resources Control Board Water Quality Order No. 99-06-DWQ, the NPDES Statewide * 

Permit for Storm Water Discharges From the State of California City of Transportation 
/, 

Properties, Facilities, and Activities; 

- The Department shall submit, subject to acceptance by Water Board staff, dewwatering 
and/or diversion p h  that appropriately describes how the work areas will be dewatered 
during constru~tion. The dewatering andor diversion plan shall be submitted no later than 
30 $ays-prk to the beginning of proposed dewatering or flow diversion. Infarmation 
submitted shall include the area to be dewatered andor diverted, timing of dewatering 
and/or diversion, and method of dewatering and/or diversion to be implemented. All 
temporary dewatering andlor diversion methods shall be designed to have the minimum 
necessary impacts to waters of the State to isolate the immediate work area. All dewatering 
a d o r  diversion methods shall be installed such that natural flow is maintained upstream 
and downstream of the projsct area. Any temporary dams or diversions shall be installed 
such that the diversion does not cause sedimentation, siltation, or erosion upstream or 
downstream of the project area. All dewatering methods shall be removed immediately 
upon completion of Project activities; 

16. The Department is required to use the Riparian Repair and Maintenance Wetland Tracker 
short form to provide Project information within 14 days from the date of this certification. 
The completed short form and map showing the project boundaries shall be submitted 
electronically to wetlandtracker@waterboards.ca.~ov or shall be submitted as a hard copy 
to both: 1) The Water Board (see the address on the letterhead), to the attention of Wetland 
Tracker; and 2) The San Francisco Estuary Institute, 7770 Pardee Lane, Oakland, CA 
94621 -1 424, to the attention of Mike May; 
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17. The Resident Engineer shall hold on-site w a t e ~ q u & t y + t a m i k m a p l i ~ ~ g s  (similar 
to tailgate safety meetings) to discuss permit compliance, including instructions on how to 
avoid violations and procedures for reporting violations. The meetings shall be held at least 
every other week, and particularly before forecasted storm events and when a new 
contractor or subcontractor arrives to begin work at the site. The conh-actors, 
subcontractors and their employees, as well as any inspectors or biological monitors 
assigned to the project, shall be present at the meetings. Caltrans shall maintain dated sign- 
in sheets for attendees at these meetings, and shall make them available to the Regional 
Water Board on request; 

f 8. This certification action is subject to modification or revocation upon administrative or 
judicial review, including review and amendment p m t  to Section 13330 of the 
California Water Code (CWC) and Section 3867 of Title 23 of the California Code of 
Regulations(23 CCR); 

19. This certification action does not apply to any discharge fiom any activity involving a 
hydroelectric facility requiring a Federal Energy Regulatory Commission (FERC) 1' icense 
or an amendment to a FERC license, unless the pertinent certification application was filed 
pursuant to California Code of Regulations (CCR) Title 23, Subsection 3855(b) and that 
application specifically identified that a FERC license or amendment to a FERC license for 
a hydroelectric facility was being sought; and, 

20. Certification is conditioned upon total payment of the full fee required in State regulations 
(23 CCR Section 3833). Water Board staff received full payment of $640.00 on January 
15, 2009. 

We anticipate your cooperation in implementing these conditions. However, please be advised 
that any violation of water quality certification conditions is a violation of State law and subject 
to administrative civil liability pursuant to California Water Code (CWC) section 13350. Failure - 

to respond, inadequate response, late response, or failure to meet any condition of this 
certification may subject you to civil liability imposed by the Water Board to a maximum of 
$5,000 per day per violation or $10 for each gallon of waste discharged in violation of this 
certification. 

Conditions 3 and 14-16 are requirements for submission of reports. Any requirement for a report 
made as a condition to this action is a formal requirement pursuant to CWC section 13267, and 
failure or refusal to provide, or falsification of such required report is subject to civil liability as 
described in CWC section 13268. 

We anticipate no further action on this request. Should new information come to our attention 
that indicates a water quality problem with this project, the Water Board m y  issue Waste 
Discharge Requirements pursuant to 23 CCR Section 3857. 
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If yau have any question, please contact Brendan Thompson at (510) 622-2506, or via e-mail to 
BThompson@,waterboards.ca.gov. 

Sincerely, 

Bruce H. Wolfe 
Executive Officer 

LX (via e-mail): Mr. Bill Chme SWRCB-DWQ 
Mr. Hal D-o, ReguIatory Branch, USACE 
Ms. Jane Hicks, Regulatory Branch, USACE 
Ms. Holly Costa, Regulatory Branch, USACE 
Ms. Laurie Monarres, USACE 
Mr. Cyrus Vafai, Calhns 

Mr. Dale Bowyer, Water Board 
Ms. Melissa Eswon, Fish and Game, Yountville 
Mr. Hardeep Takhar, Caltrans 
Mr. David Smith, USEPA 
Ms. Andrea Meier, USACE 
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This document presents a mitigation monitoring plan for planted willow trees within the Willow 
Brook Creck riparian corridor by the 101 Sonoma Segment B High Occupancy Vehicle (HOV) 

Lanes Widening and Improvement Project. The 101 Sonoma Segment B BOV Lancs Widening 
and Improvement Project extends from about a half a mile south of Old Rcdwood Highway 
crossing to just north of Pepper Road in Petaluma, California. The proposed part of the project 
at Wiliow Brook Creek for the 101 Segment B HOV Lane Widening Project consists of 

widening the 101 bridge into the median area between the northbound and southbound lanes and 

creating a complete deck across Willow Brook Creek. There is no proposed widening of the 
bridge to the east or west of the existing structure. The widcned portion will match the existing 
structure with a deck slab and pile extensions at the two bents. The Iocation of the Willow Rrook 
Creek bridge is shown in Figure I. 

Two existing willow trees located within the Willow Brook riparian corridor and between the 
northbound and southbound spans of the existing Willow Brook bridge are proposed to be 

removed as a result of the bridge construction (see Photo 1). As a result of the removaI of these 
trecs from the riparian corridor, Caltrans has proposed to mitigate these potential impacts by 

planting six wilIows trecs and implementing a willow trec mitigation monitoring p h .  

2.  Mitigation and Monitoring Details 

The goal of the wiIlow tree planting mitigation is to stabilize the stream bank, provide additional 
habitat or enhmcemcnt of existing habitat for fish and wildlife within the Willow Brook riparian 
corridor, to provide enhanced aesthetic qualities associated with the willow tree foliage and 
natural greenery, and to effectively maintain the "No Net Loss Policy" for riparian areas. To 
accomplish this goal, Caltrans proposes to plant willow tree cuttings taken fiom nearby willow 
trecs. The willow tree cuttings are to be planted along thc bank of Willow Brook Creek in close 
proximity to the Willow Brook Creck Bridge in the State Right of Way (the exact location is 
indicated by Figure 1). 

The mitigation site shall be planted no later than the first winter following bridge construction 
using the willow trec cuttings from the nearby willow trces. The planted willow cuttings will be 
plantcd in s riparian area very closc to where the trees were removed in a location where the 

trees are well suited to successfully grow and mature. The mitigation site was chosen on the east 
side of the bridge where thcre is sufficient spacc and access along the riparian corridor of Wiliow 



Brook Creek. This alIows for easier maintenance and monitoring of the mitigation site. The west 
sidc of the bridge was a less desirable location because of the confinement caused by the 
adjacent mobile home park and the abundance of cxis ting vegetation. The rccornrnended willow 
cuttings will be harvested and installed between January and February. Cuttings shall be 
reasonably straight and a minimum 24 inches long and 3/4 to 1 -5-inch in diameter. Cuttings shall 
be installed perpendicuhr to the soil surface such that approximately 3/4 of the cutting lcngth (-18 

inches) is below ground and $4 (-6 inches) is above ground. 

Post construction monitoring of thc site will occur each year following the plantings which will 
include a visual inspection of the plantings with photo documentation. Planted willow trees will 
be deemed successful and performance criteria met if after the fifth year 5 of the 6 planted 
wiltow trecs exhibit average or better health and vigor and have observable growth from the last 
two years. If success criteria arc not met, Caltrans wilt provide additional planting, maintenance 
and monitoring until the success criteria is satisfied. 

The two existing willow trees to bc removed are small trees at less then 5 inches in diameter at 

breast height. At least six willow tree cuttings will be planted to ensure that tree establishment is 
achieved. 

The installation contractor will maintain the plantings for the first three year period and will also 
provide monthly monitoring updates to the Caltrmns biologist. Maintenance of the plantings may 

rcquire supplemental watering or installation of cages to prevent herbivory. Photo points will be 

established to document re-vegetation efforts. Mantoring reports with photo-documentation will 
be provided and submitted to the agencics.at planting completion, 3-yeas after and 5-years after 
planting of willow trcc cuttings. Monitoring reports shall summarize each year's monitoring 
results, compare data to previous ycars, describe progress towards meeting the final performance 
criteria and summarize the need for any remedial actions. Additional monitoring is not required 
if after three years of monitoring and no less than two years after supplemental watering has 
ceased, thc planted willow trces arc determined to be in good health. . 





Photo 1. Willow trees in between northbound and southbound Willow Brook Creek bridges that 
are to be removed. 
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