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State of California -The Natural Resources Agency 
DEPARTMENT OF FISH AND WILDLIFE 
Bay Delta Region 
7329 Silverado Trail 
Napa, CA 94558 
(707) 944-5500 
www.wildlife.ca.gov 

July 19, 2013 

Hardeep Takhar 
California Department of Transportation 
111 Grand Avenue 
Oakland, CA 94623 

Subject: Final Lake or Streambed Alteration Agreement 
Notification No. 1600-2012-0001-3 

EDMUND G. BROWN JR., Governor 
CHARLTON H. BONHAM, Director 

Highway 1 Bridge Replacement Project, San Pedro Creek 

Dear Mr. Takhar: 

EnClosed is the final Streambed Alteration Agreement ("Agreement") for the Highway 1 
Bridge Replacement Project ("Project"). Before the Department may issue an Agreement, it 
must comply with the California Environmental Quality Act ("CEQA"). In this case, the 
Department, acting as a responsible agency, filed a notice of determination ("NOD") on 
July 19, 2013, based on information contained in the Negative Declaration, the lead agency 
prepared for the Project. 

Under CEQA, filing a NOD starts a 30-day period within which a party may challenge the 
filing agency's approval of the project. You may begin your project before the 30-day period 
expires if you have obtained all necessary local, state, and federal permits or other 
authorizations. However, if you elect to do so, it will be at your own risk. 

If you have any questions regarding this matter, please contact, Melissa Escaron, Staff 
Environmental Scientist, at (925)786-3045 or Melissa.Escaron@wildlife.ca.gov. 

Sincerely, 

&lv~~ 
(}scott Wilson 

Acting Regional Manager 
Bay Delta Region 

cc: Michael Baker 
Lieutenant Joe 
Warden Ober 

Conserving Ca{ijornia's Wi{c{{ije Since 1870 



CALIFORNIA DEPARTMENT OF FISH AND WILDLIFE 
BAY DELTA REGION 
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STREAMBED ALTERATION AGREEMENT 
NOTIFICATION No. 1600-2012-0001-R3 

CALIFORNIA DEPARTMENT OF TRANSPORTATION 
HIGHWAY 1, SAN PEDRO CREEK BRIDGE REPLACEMENT AND CREEK 
WIDENING 

This Streambed Alteration Agreement (Agreement} is entered into between the 
California Department of Fish and Wildlife (CDFW) and California Department of 
Transportation (Permittee) or as represented Mr. Hardeep Takhar. 

RECITALS 

WHEREAS, pursuant to Fish and Game Code (FGC) section 1602, Permittee notified 
CDFW on May 21, 2013, that Permittee intends to complete the Project described 
herein. 

WHEREAS, pursuant to FGC section 1603, CDFW has determined that the Project 
could substantially adversely affect existing fish or wildlife resources and has included 
measures in the Agreement necessary to protect those resources. 

WHEREAS, Permittee has reviewed the Agreement and accepts its terms and 
conditions, including the measures to protect fish and wildlife resources. 

NOW THEREFORE, Permittee agrees to complete the Project in accordance with the 
Agreement 

PROJECT LOCATION 

The project site is located on Highway 1 over San Pedro Creek in the City of Pacifica, 
San Mateo County, State of California; Latitude 37°35'40"W, Longitude 122°30'15"N. 

PROJECT DESCRIPTION 

The project will replace the State Route 1 bridge over San Pedro Creek (Highway 1 
Bridge) and widen the San Pedro Creek channel (Project). This Project is part ofa 
larger San Pedro Creek widening effort that started in 2005 and widened the San Pedro 
Avenue Bridge, created a one-acre estuarine wetland downstream of the Highway 1 
Bridge and San Pedro Avenue Bridges, and constructed a 9-acre forested wetland 
along San Pedro Creek from the Linda Mar Rehabilitation Center downstream to the 

Ver. 02/16/2010 



Notification #1600-2012-0001-R3 
..... _ §tr~~rn..Q~d_Ajt§lra!ior1.J\9.r€le!1lent _ 

Page 2 of 16 

Highway 1 Bridge. The proposed additional creek widening will extend from 175 feet 
upstream of the existing Highway 1 Bridge to the ocean, 700 feet downstream of the 
Highway 1 Bridge. The existing Highway 1 Bridge does not meet current structural or 
seismic standards and the bridge deck is below the level of the 50 year flood elevation. 
This project involves removing the existing two-lane, 40 foot wide by 83 foot long road 
bridge and replacing it with a two-lane, 63 foot wide by 140 foot long bridge with an 
adjacent pedestrian/bicycle path. The replacement bridge will be an average of 5 feet 
higher than the existing structure to accommodate flood flows, the new ~levation will 
match the new downstream San Pedro Avenue Bridge elevation. The new bridge will 
have two 12 foot wide lanes, two 8 foot wide shoulders and a 12 foot wide separated 
pedestrian/Class I bicycle path. The new higher bridge will require the construction of 
new approaches to the bridge; therefore, the project includes rebuilding a 990 foot long 
section of roadway at the southern end of the bridge, and a 570 foot long section of 
roadway at the northern end of the bridge. Lengthening and raising the bridge will allow 
the widening of San Pedro Creek to provide the capacity needed to pass the 1 00-year 
flood under the bridge and to meet California Coastal Commission regulatory 
requirements. 

The entire existing Highway 1 Bridge structure will be removed using heavy construction 
·equipment including bulldozers, front end loaders, dump or soil haul trucks, 
backhoes/excavators, and jackhammers or a hydraulic ram. Once the creek is diverted, 
the bridge will be demolished into the creek channel, and loaded into trucks for off-haul. 
The existing pilings will be removed below grade. 

The new structure will have two abutments (nine 30-inch diameter piles each), one bent 
in the creel<, and five new 48-inch diameter pilings will be installed in the floodplain of 
the widened creel< channel. The new north abutment will be located in approximately 
the same location as the existing north abutment. The bent will be placed near the 
existing south abutment. The new south abutment will be 80 to 1 00 feet south of the 
existing south abutment, and the creek floodplain will be expanded into this area. 

The proposed piles are cast-in-steel-shell (CISS) and will be driven, cleaned out, and 
filled with reinforcement cages and concrete. Based on structural design, there will be 

. nine 30" diameter piles at each abutment, and five 48" diameter piles at the bent. The 
30-inch diameter piles are expected to be up to 64 feet long at proposed Abutment 1 
and up to 7 4 feet long at proposed Abutment 3. The 48" diameter piles at the bent are 
expected to have an average length of 74 feet. A vibratory hammerwill be used to 
install the piles through the upper soft soil layers and an impact hammer will be used to 
seat the piles. The vibratory hammer will be used for approximately 5 to 10 minutes per 
pile then the impact hammer would be used for 40 minutes to drive the piles in place. It 
is anticipated that up to three piles could be driven per day. This would result in a 
cumulative amount of 4,800 blows per day in three separate 40 minute sessions. In 
total, it will take seven days to drive the 19 piles. The seven days may not be 
continuous, and may be spread out over two weeks before the total installation is 
completed. 
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The creek widening project includes relocating the low flow channel and widening the 
flood plain. The work will extend from 175 feet upstream of the Highway 1 Bridge to the 
beach (700 feet downstream of the Highway 1 Bridge), however in some areas the 
creek will not be widened and the grading is restricted to the low flow channel. 
Construction for the creek widening will remove approximately 6,500 cubic yards of 
bank and dredged materials to enlarge the creek cross section. A total area of 1. 79 
acres will be affected by the creek widening, including both grading and the vegetation 
that will be removed within the wildlife exclusion fence; of this, 1.45 acre is within the 
existing bed, bank and channel of the creek (including the beach portion), and 0.34 acre 
is upland and developed area that will be converted to stream channel. Grading will be 
done with heavy equipment such as bulldozers, excavators and backhoes. It is 
anticipated that most of the soil removed from the creek banks and bed will not meet the 
requirements for re-use as engineered fill and will be removed from the site and 
disposed of lawfully. 

At the upstream end of the project limits a channel transition will be cut into the channel 
and channel banks to conform to the existing creek and direct the stream flows under 
the new bridge. The area from the upstream side of the Highway 1 Bridge to the 
upstream side of the San Pedro Avenue bridge will be sculpted into a new trapezoidal 
cross-section to widen the creek. An area downstream of the San Pedro Avenue bridge 
will be excavated to lower the current elevation by 3 feet, and the narrow channel will be 
excavated out to the beach. The wetland area that currently exists downstream of the 
San Pedro Avenue bridge has a fairly even bottom elevation of 10 feet. The project will 
remove the soil in part of this wetland to lower the elevation to 7 feet, and will excavate 
the low flow channel to an elevation of 5 feet. As a result, the wetland will contain a 
variety of depths (5 feet elevation, 7 feet elevation and 10 feet elevation) rather than the 
generally uniform depth that exists, and portions of the currently silt/sand-bottomed 
creek will contain areas that are 3 and 5 feet deeper than the existing conditions. These 
deeper pockets will provide cooler water environments and deep water cover. 
The project includes the installation of articulated concrete block (ACB) mat upstream 
and downstream of both the Highw~y 1 Bridge and the San Pedro Avenue bridge on 
both the north and south banks. Bank armoring will be installed along 282 feet of the 
north bank and 282 feet of the south bank, with a total of 505 cubic yards of fill below 
the top of bank, and 66 cubic yards of fill below the ordinary high water mark. The 
bridge abutment walls and piers are designed to be deep enough to withstand the scour 
depth associated with the 1 00-year flood. 

Because the project will require work in the creek channel, the creek will be diverted 
around the construction area. Sandbag coffer dams will be placed at the upstream and 
downstream ends of the construction area. Creek diversion will occur after steelhead 
and California red-legged frog (CRLF) have been relocated out of the construction area. 
A pump and pipe system will be used to pipe flows from the upstream coffer dam to 
downstream of the downstream coffer dam and to irrigate the wetland area downstream 
of the San Pedro Avenue bridge as needed so that it is not adversely affected by creek 
diversion. Access to build the upstream coffer dam will be through existing riparian 
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vegetation in the disturbance area. This riparian vegetation will be removed with 
biological monitors present. Access to build the downstream coffer dam will be gained 
from the north on a temporary route that extends between the wetland and the beach 
from city-owned property at the pump station to the work site. The route will be used 
during the first season of construction and will be restored. The coffer dams will be 
removed after the work is completed in the creek in the first construction season. Prior 
to creek diversion, the approved biologist will monitor the installation of the sandbag 
coffer dams in San Pedro Creek, 175 feet upstream of the Highway 1 Bridge to 
approximately 700 feet downstream of the Highway 1 Bridge, and the installation of 
seine nets upstream of the upstream coffer dam. If the approved biologist and NMFS 
determine that field conditions warrant, the creek in the coffer dam area will be blocked 
with .2 inch or smaller mesh seine nets to prevent aquatic vertebrate movement into this 
coffer dam work area. In that event the bottom edge of the net will be completely 
secured to the channel bed to prevent fish from re-entering the work area. Exclusion 
netting will only be placed in areas of low water velocities to minimize the chances that 
fish will be trapped against the net (impingement). Nets will be regularly checked and 
cleaned of debris. 

A temporary construction ramp will be built on the bank of the creek once special-status 
species have been relocated and the creek has been successfully diverted. The riparian 
wetland and wetland vegetation in the ramp area will have been removed. The ramp will 
be cut from the existing roadway grade down to the creek elevation. To accommodate 
construction equipment the ramp will be approximately 50 feet long and 20 feet wide 
and will consist of compacted aggregate. The ramp will be removed and regraded at the 
end of the project and will be revegetated. A separate access route will likely also be 
established for equipment access and soil removal from the downstream portion of the 
project because the height of the downstream San Pedro Avenue bridge may restrict 
equipment access. The access route would extend from city-owned property north of 
the creek to the work site, across the beach. It would be used to move excavation 
equipment into and out of the project site, and could be used by trucks needed to 
remove the soil. The route will be restored at the end of the first construction season 
when it is no longer needed. Staging and storage yards will be located in Highway 1 
roadbed areas and upland areas between Highway 1 and San Pedro Avenue. 

A Pacific Gas and Electric (PG&E) 4-inch gas line on the east side of the Highway 1 
bridge will be shut off prior to grading activities associated with the creek widening 
project. The line is currently buried under the creek; it will be exposed and removed 
during creek grading. PG&E will replace the line in the same location at least three feet 
below the creek bed. The anticipated method for line replacement is by directional 
boring under the creek bed. If PG&E instead decides to replace the line after this 
project concludes, PG&E will re-notify CDFW. 

The two year project will start in 2014. All of the work in the creek channel is planned to 
occur in the first year so that the creek is only diverted for one season and steelhead 
and CRLF are relocated only once. The creek channel, bank and upland areas will be 
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replanted with locally appropriate native species. The proposed revegetation plan will 
expand the amount of existing emergent wetland habitat, will restore willow forest 
wetland habitat along the creek banks, and will improve upland habitat values for 
special-status species. The conceptual revegetation plan also provides native upland 
habitat for CRLF. The willows will be re-established using willow poles and by not 
cutting them out entirely whenever possible so that they can re-sprout. The emergent 
wetland will be replaced, and the upland habitat will be restored with a combination of 
hydroseeding and container planting. 

The Project will result in the temporary loss of 1.39 acres of open water, emergent 
vegetation, and riparian vegetation. Approximately 6,500 cubic yards fo the creek bank 
and channel bottom materials will be removed to enlarge the creek cross section. As a 
result of the channel widening, there will be a net permanent increase in the amount of 
creek channel and floodplain habitat from the conversion of .34 upland acres into creek 
channel and floodplain habitats. The creek channel bottom will be graded deeper 
thereby increasing the heterogeneity of the channel bottom and providing better cover 
for all life stages of steelhead. 

PROJECT IMPACTS 

Existing fish or wildlife resources the Project could substantially adversely affect include: 

• California red-legged frogs and habitat 
• Central California Coast Steelhead (steelhead) and habitat 
• Bird nesting 

The adverse effects the Project could have on the fish or wildlife resources identified 
above include: · 

• California red-legged frog mortality 
• Steelhead mortality 
• Sediment transport and water quality degradation 
• Temporary disturbance to sensitive habitats 
• Disruption of bird nesting 

MEASURES TO PROTECT FISH AND WILDLIFE RESOURCES 

1. Administrative Measures 

Permittee shall meet each administrative requirement described below. 

1.1 Documentation at Project Site. Permittee shall make the Agreement, any 
extensions and amendments to the Agreement, and all related notification 
materials and California Environmental Quality Act (CEQA) documents, readily 
available at the Project site at all times and shall be presented to CDFW 
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personnel, or personnel from another state, federal, or local agency upon 
request. 

1.2 Providing Agreement to Persons at Project Site. Permittee shall provide 
copies of the Ag.reement and any extensions and amendments to the 
Agreement to all persons who will be working on the Project at the Project site 
on behalf of Permittee, including but not limited to contractors, subcontractors, 
inspectors, and monitors. 

1.3 Notification of Conflicting Provisions. Permittee shall notify CDFW if Permittee 
determines or learns that a provision in the Agreement might conflict with a 
provision imposed on the Project by another local, state, or federal agency. In 
that event, CDFW shall contactPermittee to resolve any conflict. 

1.4 Project Site Entry. Permittee agrees that CDFW personnel may, with 
notification of the Resident Engineer, enter the Project site at any time to verify 
compliance with the Agreement. 

2. Avoidance and Minimization Measures 

To avoid or minimize adverse impacts to fish and wildlife resources identified above, 
Permittee shall implement each measure listed below. These conditions apply to 
CDFW jurisdiction as described in the Project Description above. 

2.1 All work within riparian zones shall occur between June 15 and October 15. 

2.2 At least 30-days prior to commencing Project activities covered by this 
Agreement, the Permittee shall submit to CDFW, for review and approval, the 
qualifications for a number of biologists (Qualified Biologist) that shall oversee . 
the implementation of the conditions in this Agreement. At a minimum, the 
Qualified Biologists shall have a combination of academic training and 
professional experience in biological sciences and related resource 
management activities. The Qualified Biologists shall communicate to the 
Resident Engineer when any activity is not in compliance with this Agreement 
and the Resident Engineer shall immediately stop the activity that is not in 
compliance with this Agreement. 

2.3 Before the onset of construction activities, a Qualified Biologist shall conduct an 
education program for all construction personnel. At a minimum the training will 
include a description of CRLF; steelhead; migratory birds and their habitats; the 
occurrence of these species within the Project site; an explanation of their state 
and federal statuses; avoidance and minimization measures; habitats as they 
relate to the Project site; and boundaries within which construction may occur. 
A fact sheet conveying this information will be prepared and distributed to all 
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construction crews and Project personnel entering the Project site. Upon 
completion of the program, personnel will sign a form stating that they attended 
the program and understand all the avoidance and minimization measures. 

2.4 Prior to the start of construction Environmentally Sensitive Areas (ESAs) shall 
be clearly delineated using high-visibility orange fencing to protect sensitive 
habitats. The ESA fencing will remain in place throughout the duration of the 
Project. The final Project plans will depict all locations where ESA fencing will 
be installed and how it will be installed. The bid solicitation pacl<age special 
provisions will clearly describe acceptable fencing material and prohibited 
construction-related activities, vehicle operation, material and equipment 
storage, and other surface-disturbing activities within ESAs. ESA fencing shall 
be erected as directed by a Qualified Biologist. 

2.5 Wildlife exclusion fencing (WEF) shall be installed and maintained, as directed 
by a Qualified Biologist, in areas where sensitive species could enter the 
construction site. The WEF fencing will remain in place throughout the duration 
of the Project. The final Project plans will depict all locations where WEF 
fencing will be installed and how it will be installed. The bid solicitation package 
special provisions will clearly describe acceptable fencing material. WEF 
fencing shall be erected as directed by a Qualified Biologist. 

2.6 Permittee shall provide CDFW and National Marine Fisheries Service (NMFS) 
with a Fish Relocation/Exclusion plan for review and approval at least 30 days 
prior to the beginning of fish capture and relocation activities. 

2.7 Block nets or mesh screens shall be used to exclude fish form the creek 
diversion pipeline and shall be checked at least twice daily to ensure they are 
effectively excluding fish from entering the pipe and to remove debris that may 
clog the nets and cause them to fail. 

2.8 Fish relocation in the dewatered area shall be conducted by backpack 
electrofishing, seine and/or dip net, and then transported and released to 
suitable habitat. All juvenile fish shall be released upstream of the construction 
area. If smelts are captured they shall be released immediately downstream of 
the lower cofferdam where they shall be allowed to volitionally continue their 
downstream migration to the ocean. 

2.9 Permittee shall monitor in-channel activities and performance of sediment 
control or detention devices for the purpose of identifying and reconciling any 
condition that could result in take of listed salmonids. 

2.10 If necessary, pumps with .2 inch mesh screens shall be used to remove 
standing water from the dewatered section of the creek to water storage 
containers or a temporary detention or filtration basin away from the stream 
channel to prevent direct discharge of this water to the creek. Fish capture and 
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relocation efforts shall continue as needed during pumping activities to ensure 
no salmonids are left behind in the drying channel. 

2.11 An emergent backwater sump within the northeastern half of the recently 
enhanced estuary area shall not be dewatE3red. Some of the diverted stream 
flow shall be piped into the backwater sump to protect this aquatic habitat The 
remainder of the diversion shall then empty onto the beach and into the ocean 
at approximately the existing outlet location. 

2.12 A record shall be maintained of all fish rescued and moved. The record shall 
include the date of capture and relocation, the method of capture, the location 
of the relocation site in relation to the project site, and the number and species 
of fish captured and relocated. The record shall be provided to CDFW within 
two weeks of the completion of the work season or project, whichever comes 
first. 

2.13 Handling of salmonids shall be minimized. When handling is necessary, 
Permittee shall always wet hands or nets prior to touching fish. 

2.14 Permittee shall temporarily hold fish in cool, shaded, aeratedwater in a flow
through live car. Permittee shall protect fish from jostling and noise and shall 
not remove fish from this container until time of release. 

2.15 Permittee shall measure air and water temperatures periodically. A 
thermometer shall be placed in holding containers and, if necessary, 
periodically conduct partial water changes to maintain a stable water 
temperature. If water temperature reaches or exceeds 18 oc, fish shall be 
released and rescue operations ceased. Permittee shall conduct relocation 
activities in the morning when the temperatures are cooler. 

2.16 Overcrowding in containers shall be avoided by having at least two containers 
and segregating young-of-year (YOY) fish from larger age-classes to avoid 
predation. Larger amphibians shall be placed in the container with larger fish. 

2.17 A Qualified Biologist shall conduct clearance surveys and be on-site during all 
activities that may result in the take of CRLF. The Qualified Biologist shall stop 
work through the Resident Engineer if activities are identified that may result in 
the take of CRLF. 

2.18 CRLF shall be captured by hand, dipnet or other United States Fish and Wildlife 
Service (USFWS)-approved methodology, transported by hand, dipnet or 
temporary holding container, and released as soon as practicable the same day 
of capture. Holding/transporting containers and dipnets shall be thoroughly 
cleaned, disinfected, and rinsed with freshwater prior to use within the action 
area. Nets or bare hands shall be used to capture CRLF. Qualified Biologists 
shall not use soaps, oils, creams, lotions, repellants, or solvents of any sort on 
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their hands before and during periods when they are capturing and 
translocating these species. 

2.19 If a CRLF is encountered in the action area, work activities within 50 feet of the 
CRLF shall cease immediately and the RE and Qualified Biologist shall be 
notified. Based on the professional judgment of the Qualified Biologist, if 
Project activities can be conducted without harming or injuring the CRLF, it may 
be left at the location of discovery and monitored by the Qualified Biologist. All 
project personnel shall be notified of the finding and at no time shall work occur 
within 50 feet of the CRLF without a Qualified Biologist present. 

2.20 If it is determined by the Qualified Biologist that relocating the CRLF is 
necessary, the Qualified Biologist shall take precautions to prevent introduction 
of amphibian diseases in accordance with the Revised Guidance on Site 
Assessments and Field Surveys for the CRLF ( USFWS 2005). Disinfecting 
equipment and clothing is especially important when biologists are coming to 
the Project site to handle amphibians after working in other aquatic habitats. 

2.21 CRLF shall be relocated to nearby suitable habitat outside of the work area and 
released in a safe area. These areas must be in proximity to the capture site, 
contain suitable habitat, not be affected by project activities, and be free of 
exotic predatory species (i.e. bullfrogs, crayfish) to the best of the qualified 
biologist's knowledge. Translocation shall only be performed by the Qualified 
Biologist. In the rare case that egg masses are found after July 1, the Permittee 
shall make every attempt to wait until the egg masses hatch to transport them. 

2.22 The Qualified Biologist shall have the authority, through the Resident Engineer, 
to halt work activities that may affect CRLF adults, tadpoles or egg masses until 
they can be relocated. 

2.23 To prevent inadvertent entrapment of animals during construction, all 
excavated, steep-walled holes or trenches more than 2-feet deep will be 
covered at the close of each working day by plywood or similar materials, or 
provided with one or more escape ramps constructed of earth fill or wooden 
planks at an angle no greater than 30 degrees. Before such holes or trenches 
are filled they must be thoroughly inspected for trapped animals. All 
replacement pipes, culverts, or similar structures stored in the action area 
overnight will be inspected before they are subsequently moved, capped and/or 
buried. 

2.24 All willows shall be cut in the fall prior to construction. 

2.25 Cut vegetation shall be piled in upland areas away from the creek that are 
within the work area, or into trucks. The vegetation shall be disposed of at an 
appropriate class Ill landfill or licensed compost site. 
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2.26 To the extent practicable, work will not occur at night. If night work is 
necessary, lights shall be directed away from habitat areas and a Qualified 
Biologist shall be present. Pile driving shall not occur at night. 

2.27 Within disturbed areas vehicle speed shall not exceed 15 miles per hours. 

2.28 To the extent practicable, all access and staging will occur on existing roads, 
trails, and existing disturbed areas. 

2.29 If Project activities will occur between February 15 and September 1, a 
Qualified Biologist shall conduct pre~construction surveys for nesting birds no 
more than one week prior to construction. Surveys shall consist of multiple 
days of observations. If nests are found the Qualified Biologist shall establish an 
appropriate buffer to be in compliance with Migratory Bird Treaty Act (MBTA) 
and Fish and Game Code 3503. The Qualified Biologist shall perform at least 
two hours of pre~construction monitoring of the nest to characterize "typical" bird 
behavior. The Qualified Biologist shall monitor the nesting birds and shall 
increase the buffer if the Qualified Biologist determines the birds are showing 
signs of unusual or distressed behavior by Project activities. Atypical nesting 
behaviors which may cause reproductive harm include, but are not limited to, 
defensive flights/vocalizations directed towards Project personnel, standing up 
from a brooding position, and flying away from the nest. The Qualified Biologist 
shall have authority, through the Resident Engineer, to order the cessation of all 
Project activities if the nesting birds exhibit atypical behavior which may cause 
reproductive failure (nest abandonment and loss of eggs and/or young) until an 
appropriate buffer is established. To prevent encroachment, the established 
buffer(s) shall be clearly marked by high visibility material. The established 
buffer(s) shall remain in effect until the young have fledged or the nest has been 
abandoned as confirmed by the Qualified Biologist. Any sign of nest 
abandonment shall be reported to CDFW within 48 hours. 

2.30 Permittee shall conduct work defined in the above Project Description, and 
within the Project area, during periods of dry weather. The Project area is 
defined as the bed, bank, channel, and associated wetland habitat. The 
Permittee shall monitor forecasted precipitation. When X inch or more of 
precipitation is forecasted to occur, the Permittee shall stop work before 
precipitation commences. No Project activities may be started if its associated 
erosion control measures cannot be completed prior to the onset of 
precipitation. After any storm event, the Permittee shall inspect all sites 
currently under construction and all sites scheduled to begin construction within 
the next 72 hours for erosion and sediment problems and take corrective action 
as needed. Seventy-two hour weather forecasts from National Weather Service 
shall be consulted and work shall not start back up until runoff ceases and there 
is less than a 30% forecast for precipitation for the following 24~hour period. 
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2.31 Permittee shall utilize erosion control measures throughout all phases of 
operation where sediment runoff from exposed slopes threatens to enter 
waterways. At no time shall silt laden runoff be allowed to enter the stream or 
directed to where it may enter the stream. Erosion control installations shall be 
monitored for effectiveness and shall be repaired or replaced as recommended 
by a Qualified Biologist or Water Quality Monitor to the Resident Engineer. As 
needed to prevent sediment transport, Permittee shall deploy soil stabilizer 
such as hydroseeding, netting, erosion control mats, mulch, fiber rolls, silt 
fences, check dams, and flow velocity dissipation devices. Permittee shall 
stabilize and equip construction site entrances and exits with tire washing 
capability. Materials containing monofilament or plastic shall not be used. 
Erosion and sediment control measures shall be installed prior to unseasonable 
rain storms. 

2.32 Slopes and bare ground shall be reseeded with native grasses and shrubs 
characteristic of the floristic region and local habitats to stabilize soils and 
prevent erosion. Where disturbance includes the removal of trees or plants, 
native species shall be replanted. 

2.33 All disturbed areas not receiving plantings or plugs, shall be re-graded and 
hydroseeded. Hydroseed shall not contain invasive exotic plant species. 
Prohibited exotic plant species include those identified in the California Exotic 
Pest Plant Council's database, which is accessible at: http://www.cal 
ipc.org/ip/inventory/weedlist.php. 

2.34 The outer edges of the ACB mat revetment shall be turned down into the banks 
at the top and bottom edges. All ACB mat revetment shall extend vertically 
above the high-water line, down to the toe of bank and will be embedded into 
the bank below the depth of anticipated scour. The leading and trialing edge of 
the mats shall be buried into the soil. 

2.35 Permittee shall submit Horizontal Directional Drilling and/or a Frac-out 
Contingency Plan/Spill Prevention Plan at least 30 days prior to initiation of 
drilling operations. 

2.36 Staging and storage areas for equipment, materials, fuels, lubricants and 
solvents, shall be located outside of the creek channel and banks. Stationary 
equipment such as motors, pumps, generators, compressors and welders, 
located within or adjacent to the creek shall be positioned over drip pans. Any 
equipment or vehicles driven and/or operated within or adjacent to the stream 
must be checked and maintained daily, to prevent leaks of materials that if 

. introduced to water could be deleterious to aquatic life. 

2.37 Refueling of mobile construction equipment and vehicles shall not occur within 
50 feet of any water body, or anywhere that spilled fuel could drain to a water 
body. Refueling of stationary equipment requiring breakdown and setup to 
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move will remain in place. All equipment shall be refueled with appropriate drip 
pans, absorbent pads, and water quality Best Management Practices. 
Equipment and vehicles operating in the Project site shall be checked and 
maintained daily to prevent leaks of fuels, lubricants, or other liquids. 

2.38 Permittee shall comply with all applicable state and federal laws, including the 
California and Federal Endangered Species Act. This Agreement does not 
authorize the take of any state or federally endangered listed species. Liability 
for any take or incidental take of such species remains the responsibility of the 
Permittee for the duration of the Project. Any unauthorized take of listed 
species may result in prosecution and nullification of the Agreement. This 
Agreement does not authorize the capture or relocation of Fully Protected 
Species 

2.39 Permittee shall submit an Onsite Restoration Plan for temporary impacts within 
6 months of the issuance of this Agreement for CDFW review and approval. 
The Onsite Restoration plan shall include a plant palette of native species to be 
used, success criteria, a monitoring a reporting schedule, and corrective actions 
to be taken if mitigation measures do not meet the approved success criteria. 
All plantings shall be derived from locally available genotypes. The Permittee 
shall monitor the survival and vigor of onsite plantings for a period of 5 years to 
ensure attainment of 80% survivorship. Permittee shall control invasive species 
as needed to ensure attainment of 80% survivorship after 5 years. 

CONTACT INFORMATION 

Any communication that Permittee or CDFW submits to the other shall be in writing and 
any communication or documentation shall be delivered to the address below by U.S. 
mail, fax, -or email, or to such other address as Permittee or CDFW specifies by written 
notice to the other. 

To Permittee: 

California Department of Transportation 
Hardeep Takhar 
111 Grand Ave. 
Oakland, Ca 94623 
Hardeep. takhar@dot. ca.gov 

To CDFW: 

California Department of Fish and Wildlife 
Bay Delta Region 
7329 Silverado Trail 
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Napa, California 94558 
Attn: Lake and Streambed Alteration Program - Melissa Escaron 
Notification #1600-2012-0001-R3 
Fax (707) 944-5553 
Melissa.escaron@wildlife.ca.gov 

LIABILITY 

Permittee shall be solely liable for any violations of the Agreement, whether committed 
by Permittee or any person acting on behalf of Permittee, including its officers, 
employees, representatives, agents or contractors and subcontractors, to complete the 
Project or any activity related to it that the Agreement authorizes. 

This Agreement does not constitute CDFW's endorsement of, or require Permittee to 
proceed with the Project. The decision to proceed with the Project is Permittee's alone. 

SUSPENSION AND REVOCATION 

CDFW may suspend or revoke in its entirety the Agreement if it determines that 
Permittee or any person acting on behalf of Permittee, including its officers, employees, 
representatives, agents, or contractors and subcontractors, is not in compliance with the 
Agreement. 

Before CDFW suspends or revokes the Agreement, it shall provide Permittee written 
notice by certified or registered mail that it intends to suspend or revoke. The notice 
shall state the reason(s) for the proposed suspension or revocation, provide Permittee 
an opportunity to correct any deficiency before CDFW suspends or revokes the 
Agreement, and include instructions to Permittee, if necessary, including but not limited 
to a directive to immediately cease the specific activity or activities that caused CDFW 
to issue the notice. 

ENFORCEMENT 

Nothing in the Agreement precludes CDFW from pursuing an enforcement action 
against Permittee instead of, or in addition to, suspending or revoking the Agreement. 

Nothing in the Agreement limits or otherwise affects CDFW's enforcement authority or 
that of its enforcement personnel. 

OTHER LEGAL OBLIGATIONS 

This Agreement does not relieve Permittee or any person acting on behalf of Permittee, 
including its officers, employees, representatives, agents, or contractors and 
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subcontractors, from obtaining any other permits or authorizations that might be 
required under other federal, state, or local laws or regulations before beginning the 
Project or an activity related to it. 

This Agreement does not relieve Permittee or any person acting on behalf of Permittee, 
including its officers, employees, representatives, agents, or contractors and 
subcontractors, from complying with other applicable statutes in the FGC including, but 
not limited to, FGC sections 2050 et seq. (threatened and endangered species), 3503 
(bird nests and eggs), 3503.5 (birds of prey), 5650 (water pollution), 5652 (refuse 
disposal into water), 5901 (fish passage), 5937 (sufficient water for fish), and 5948 
(obstruction of stream). 

Nothing in the Agreement authorizes Permittee or any person acting on behalf of 
Permittee, including its officers, employees, representatives, agents, or contractors and 
subcontractors, to trespass. 

AMENDMENT 

CDFW may amend the Agreement at any time during its term if CDFW determines the 
amendment is necessary to protect an existing fish or wildlife resource. 

Permittee may amend the Agreement at any time during its term, provided the 
amendment is mutually agreed to in writing by CDFW and Permittee. To request an 
amendment, Permittee shall submit to CDFW a completed CDFW "Request to Amend 
Lake or Streambed Alteration" form and include with the completed form payment of the 
corresponding amendment fee identified in CDFW's current fee schedule (see Cal. 
Code Regs., tit. 14, § 699.5). 

TRANSFER AND ASSIGNMENT 

This Agreement may not be transferred or assigned to another entity, and any purported 
transfer or assignment of the Agreement to another entity shall not be valid or effective, 
unless the transfer or assignment is requested by Permittee in writing, as specified 
below, and thereafter CDFW approves the transfer or assignment in writing. 

The transfer or assignment of the Agreement to another entity shall constitute a minor 
amendment, and therefore to request a transfer or assignment, Permittee shall submit 
to CDFW a completed CDFW "Request to Amend Lake or Streambed Alteration" form 
and include with the completed form payment of the minor amendment fee identified in 
CDFW's current fee schedule (see Cal. Code Regs., tit. 14, § 699.5). 

EXTENSIONS 

In accordance with FGC section 1605(b ), Permittee may request one extension of the 
Agreement, provided the request is made prior to the expiration of the Agreement's 
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term. To request an extension, Permittee shall submit to CDFW a completed CDFW 
"Request to Extend Lake or Streambed Alteration" form and include with the completed 
form payment of the extension fee identified in CDFW's current fee schedule (see Cal. 
Code Regs., tit. 14, § 699.5). CDFW shall process the extension request in accordance 
with FGC 1605(b) through (e). 

If Permittee fails to submit a request to extend the Agreement prior to its expiration, 
Permittee must submit a new notification and notification fee before beginning or 
continuing the Project the Agreement covers (Fish & G. Code,§ 1605, subd. (f)). 

EFFECTIVE DATE 

The Agreement becomes effective on the date of CDFW's signature, which shall be: 1) 
after Permittee's signature; 2) after CDFW complies with all applicable requirements 
under the California Environmental Quality Act (CEQA); and 3) after payment of the 
applicable FGC section 711.4 filing fee listed at 
http://www. wildlife.ca.gov/habcon/ceqa/ceqa changes. html. 

TERM 

This Agreement shall expire on December 31, 2017, unless it is terminated or extended 
before then. All provisions in the Agreement shall remain in force throughout its term. 
Permittee shall remain responsible for implementing any provisions specified herein to 
protect fish and wildlife resources after the Agreement expires or is terminated, as FGC 
section 1605(a)(2) requires. 

AUTHORITY 

If the person signing the Agreement (signatory) is doing so as a representative of 
Permittee, the signatory hereby acknowledges that he or she is doing so on Permittee's 
behalf and represents and warrants that he or she has the authority to legally bind 
Permittee to th~ provisions herein. 

AUTHORIZATION 

This Agreement authorizes only the Project described herein. If Permittee begins or 
completes a Project different from the Project the Agreement authorizes, Permittee may 
be subject to civil or criminal prosecution for failing to notify CDFW in accordance with 
FGC section 1602. 

CONCURRENCE 

The undersigned accepts and agrees to comply with all provisions contained herein. 
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FOR CALIFORNIA DEPARTMENT OF 
TRANSPORT AT! 

( 

Acting Office Chief 

FOR DEPARTMENT OF FISH AND WILDLIFE 

.@~s 
O.rscott Wr~on 

Acting Regional Manager 

Prepared by: Melissa Escaron 
Staff Environmental Scientist 

Date Prepared: July 9, 2013 
Date Sent: July 12, 2013 
Revision Sent: July 17, 2013 

Date 



FOR DEPARTMENT USE ONLY 

Amount Due Date Complete 

Complete EACH field, unless otherwise indicated, following the enclosed instructions and submit ALL required 
enclosures. Attach additional pages, if necessary. 

1. APPLICANT PROPOSING PROJECT 

Name Caltrans, Jeffrey G. Jensen, Office Chief, Office of Biological Sciences and Permi~~ 
11 n £"'I 

Business/Agency California Department of Transportation (Caltrans) J1llSU Cit UH!IU 

Street Address . 111 Grand Ave.- 14th Floor JUN 0 :~ ,z:JI3 
City·. State' ZIR~ ··· 

' - ,j - c;,; 
Oakland, CA 94612 

T~lephone (510) 622-8729 I Fax I (51o) 286-5~ountviUe 

Email Jeffrey _Jensen@dot.ca.gov 

2. CONTACT PERSON (Complete only if different from applicant) 

NE\t:!W{; '.;.. ;·· Michael Baker, Associate Environmental Planner- Natural Sciences 

· streetA:~·~:reis·· 111 Grand Ave.- 14th Floor 
'. c.·'>.- "• .-- c~- --· · - • 

r~IepBo~~~;~". · ... · (510) 622-1771 1 Fax.l (510) 286-5600 

Email · · Michaei.Baker@dot.ca.gov 

3. PROPERTY OWNER (Complete only If different from applicant) 

Name · State of California 

IFaxJ 

4. PROJECT NAME AND AGREEMENT TERM 

A .. PrdjectNairJe · · Highway 1 San Pedro Creek Bridge Replacement and Creek Widening Project 
... <. ·.:·<: .. :: ·.· ·:.:'>· •: 

.a. Agr¢ement Term Reque~ted .···· [;zJ Regular (5 years or less) 
· · . · · · · .. ,. D Long-term (greater than 5 years) 

c. ProJect+~rm ., • >~ : · ·· .~ D. $eas<>ral VVorkPeric)d ·· .· E. NUmqer .of Work'oays 

Beginning (year) Ending (year) Start Date (month/day) · End Date (month/day) 

2013 2015 09/13 10/15 515.00 
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NOTIFICATION OF LAKE OR STREAMBED ALTERATION 

5. AGREEMENT TYPE 

Q,t1~~k.•tb~a.Ppligapie-~9l<;.--:~ift>J5xcc~;:GiPi:c)rifi§.qfiacke<t,·corlfplefe•the.~p~J:Itied:~tt~chfrl&ntr.-··.· 

'A;/ Ill Standard (Most construction projects, excluding the categories listed below) 

OGravei/Sand/Rock Extraction (Attachment A) Mine 1.0. Number: ___________ _ 

D Timber Harvesting (Attachment B) THP Number: ____________ _ 

·~· · D Water Diversion/Extraction/Impoundment (Attachment C) SWRCB Number: ___________ _ 

D Routine Maintenance (Attachment D) 

D DFG Fisheries Restoration Grant Program (FRGP) FRGP Contract Number: _________ _ 

G. D Master 

H. D Master Timber Harvesting 

6.FEES 

Pleasese~ th~ current fee schedUif3 to determine the. apwqpri~t<? notlfjcatton fee. Itemize eaQh pr9je,qt's. ~.strl11atep cpsl . 
·.and correspond! ngfee. Note: rhe)iepartmeiJt may notproC;~$5 this .n(Jtiflc.atlon tlhtll th.e corie:ai•f6,ei;h~s 6fie/j rJiP~l\teiiJ •. ·. .. .•· · 

. . , .. ·· .. ... p_.proJecf · · · · ··· .· .. B.Proi~d.¢o~!\: Q~RrokqtF!3e 

Highway 1 San Pedro Creek Bridge Replacement Project $9,100,000.00 $4,482.75 

2 The fee was paid by the City of Pacifica (Notification 1600-2012-0001-R3) 

3 

4 

5 

Ei'tGlTAlif.'EEE•···· 
i'~E:t.Jett&se'D~ $0.00 

7. PRIOR NOTIFICATION OR ORDER 

f\. Has •a .nqtiflcatlqn previouslyi)een ~ubrnlth3d t(), 6t~·~ake or Str~ambed Alterat[~n Agree merit previously ~e~l1i~so~a . 
· by;theDepartment for.theproje(Jt described in this f1(.)fification? · .· .. · . ~, · · .· .. · .. ·. · •... · · ·.· ... ·. · · 

ll]Yes (Provide the information below) DNo 

Applicant: City of Pacifica/Caltrans Notification Number: 1600-2012-0001-R3 Date: 02/16/10 

B.J~ this ilotifi~atigi) b~ihg submitted in response t9 an order., notk:e ... 9t()th~l,(Jir~c!!i~E:E(''§f2.~t;LI5£':~cco@orc~ ··. · c • • · ·.•.·· 

c administrative agency (including the Department)? · · '"·-.. } · • y· · ~ ~ .. · - .... ·. "' · 

Ill No DYes (Enclose a copy of the order, notice, or other directive. If the directive is not in writing, identify the 
person who directed the applicant to submit this notification and the agency he or she represents, and 
describe the circumstances relating to the order.) 

D Continued on additional page(s) 
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NOTIFICATION OF LAKE OR STREAMBED ALTERATION 

8. PROJECT LOCATION 
, < - C, 

, -

(lnctu?ie a mE~pthstmsrk; the tocaiQHoittie prd}ect with ~[elerencetoti]~Jmarestcityortf>~h;"E!nclpr9vtclgdri~ing , , 
dlt;_~ctlonsfrom~,fhajor~oar;Jprhlghway) ___ ----.. , ._._-,. ' -•·--•- - · ·-, ·- ..•. -_. ____ ,_ .- .-, -- -~-- -·-- · .-

The Highway 1 bridge is located in the City of Pacifica, San Mateo County, California on Highway 1 at post mile 40.6-40.8 
(see Figures 1 and 2 in Attachment 1 ). The bridge spans San Pedro Creek near its mouth at the Pacific Ocean. The project 
includes bridge replacement and changes to the creek channel extending from 175 feet upstream of the existing Highway 1 
bridge to the ocean. The project site is in Township 4 S, Range 6 West of the Montara Mountain 7.5 minute USGS 
Quadrangle. Please see the more complete project description in Attachment 1 and the attached project plans (Attachment 
2). 

Ill Continued on additional page(s) 

B. River, str~atn; or lake affected by the project. I san Pedro Creek 

c. What ~A:aterbody Is the river, ~trearn, or laketrlbutat)'to? -~Pacific Ocean 

Ill No 0Unknown 

E. Coyntyy~_lsan Mateo 

F. USGS 7•5 Minute Quad Map Narne , ~"Township __ H. Range !.Section J, -_'01 Section 

Montara Mountain 4S 6W None 

0 Continued on additional page(s) 

- ·-- ---· -.-- -K. Meridiat\(check one) 
- - - .-.-,._ .-- -' 

I OHumboldt ll]Mt. Diablo 0 San Bernardino 
_-

L. Ass~ssofs Parcel Numl;>'er(s) 

None, it is part of Highway 1. 

0 Continued on additional page(s) 

M. Coordinates (If available, provide at least latitude/longitude or UTM coordinates and check appropriate bo~e~), 

Latitude: 3r35'40 N I Longitude: 122°30'18 W 

Latltude/t..ongHude Ill Degrees/Minutes/Seconds 0 Decimal Degrees 0 Decimal Minutes .. _--

UTM Easting: Northing: I OZone 10 OZone 11 

Datum used for Latitude/Longitude or UTM 0 NAD27 llJ NAD 83 or WGS 84 
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NOTIFICATION OF LAKE OR STREAMBED ALTERATION 

- 9.-PROJECT. CATEGORY-AND WORK-T-YRE (Check.eachboxthat.app/ies)--- -- --- - -- ------- -------~---- --1 
-----._· .. ·- -_";~\~:il~~~~R~?~··-cJ\f~;i~:1:--·· -··--:· 1:-~~~~f:~~li;~!~N~ftNRE~rl_o~ ·~•l;ii~l~~~i~~~§~DEi"D~~-;:1 ~w~~~~~~l~~Wt~rf. ·-
Bank stabilization - bioenglneering/recontourlng Ill D D 

Bank stabilization - rip-rap/retaining wall/gabion Ill D D 
Boat dock/pier D D D 

Boat ramp D D D 

Bridge D Ill D 

Channel clearing/vegetation management Ill D D 
Culvert D D D 

Debris basin D D D 

Dam D D D 

Diversion structure -weir or pump intake Ill D D 

Filling of wetland, river, stream, or lake Ill D D 

Geotechnical survey D D D 

Habitat enhancement- revegetation/mitigation Ill D D 
Levee D D D 

Low water crossing D D D 

Road/trail D D D 

Sediment removal -pond, stream, or marina Ill D D 
Storm drain outfall structure D D D 

Temporary stream crossing D D D I 
Utility crossing : Horizontal Directional Drilling 

! 
D D D ! 

Jack/bore D D D 
Ji 

f Open trench D D D 

I Other (specify): D D D 

} 

I 
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NOTIFICATION OF LAKE OR STREAMBED ALTERATION 

10. PROJECT DESCRIPTION 

A. D~scrlbEfthepl'6jept In d~.taiL Rh()tographs pf the project lc.)qati()n·and ir1mn~diat.e surrbuhding are# §noula·.oeJhclug~d. 
- lnclliO~ any stru~tur~s (e.g., rip-r;p, cUlverts, -or channel clearing) that will 'be placed,· buiit, or compl~-ted _in or near 

the _stream: river, or lal<e. - :: -- · _. · · - ·- - · _ 

·-~ ~~ectf¥iheJyp~GJoa·volum~-6ttnalerial$ctt1atwil115.~:us~tl. .. ~:~ / 

-lf~.aterwul b~a~iv~rtectordrafte~. ~p:eoifythe ~urpose'oruse. _· •. _ ·._ .. __ -._·.·· .·-· ·_-_·· • S: · • .• _-_·· _-. _· ___ - .· ··• .· _· .· . _. ·· . ___ ._.·· 
•·· Enclos'e qlagraMs: ·drawings; plans, ~hdtor map·s thatproviq~- -~II ot. tflefo1_16~ing:' site speCinc constrUctiqn detail~; the • 
dimension's of'Elaoh stru~ture and/orextent·(>feach activitfih the bed; chann¢i; banR·or floodplain; _ailov#fView ofthe -• ·• 
entirepr<:>Ject area (I.e., '~birc(s-eye_ylew") showing the location of ~ach structure ang/or activity, significant area 
features, and where the equipment/machinery will enter and exit the project ate~.· ... 

Caltrans and its local partner, the City of Pacifica, seek to replace the Highway 1 bridge over San Pedro Creek because the 
existing bridge does not meet current structural or seismic standards and the bridge deck is below the level of the 50 year 
flood elevation. This project involves removing an existing two-lane, 40 foot wide by 83 foot long road bridge and replacing 
it with a two-lane, 63 foot wide by 140 foot long bridge with an adjacent pedestrian/bicycle path. The replacement bridge will 
be an average of 5 feet higher that the existing structure to accommodate flood flows. The bridge will have two 12 foot wide 
lanes, two 8 foot wide shoulders and a 12 foot wide separated pedestrian/Class I bicycle path (see project plans in 
Attachment 2). The project includes widening the floodplain and deepening a portion of the creek in the bridge area to 
accommodate the 100-year flood. Because the project will require work in the creek channel, the construction area will be 
dewatered by placing sandbag coffer dams at the upstream and downstream ends of the construction area. A pump and 
pipe system will be used to pipe flows around the work area. Please see Attachment 1 for a more detailed project 
description, photographs of the project area and project figures. Please see Attachments 1 and 2 for detailed project 
information and project plans. 

The exact construction equipment to be used will depend upon the final design and the contractor. There will be paving 
equipment, trucks for materials hauling, crane(s), excavation and grading equipment, spreading and compaction equipment, 
concrete trucks and pumping equipment, demolition equipment, striping applicators and other miscellaneous pieces that are 
typical to roadway and bridge construction. 

0 Continued.on additional page(s) 
- ~ - 0 - 0 • 

c. WUI ~at~r be present during the proposecfwor~ periQd{spe,clfi~d· in bc;>X 4.D)in 
the stream, river, or lake'(specifleCJ In b6X 8.8}. . . . . ' . . . .• . . IZI Yes 0 No (Skip to box 11) 

D. Will the proposecj project require work In the-wetted portion 
ofthe channel? · · · · 
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11. PROJECT IMPACTS 
- - -- --- --

' NOTIFICATION OF LAKE OR STREAMBED AL TEI~ATION 

Construction for the creek widening will remove approximately 6,500 cubic yards of bank and dredged materials to enlarge 
the creel< cross section. A total area of 1.79 acres will be graded for the creek widening; of this, approximately 1.45 acre is 
within the existing bed, bank and channel of the creek (including the beach portion), ancj 0.34 acre is upland and developed 
area that will be converted to stream channel. Please see Attachment 1 (sections 3.2.7 and 4.1) for more details. 

Ill Continued on additional page(s) 

a.~YvillthipnJI~cf~rrecfanY~~get~tiorixl llJ Yes (Complete the tables below) D No 

Vegetation Type Temporary Impact Permanent Impact 

emergent wetland Linear feet: N/A Linear feet: N/A 

Total area: 0.36 acre Total area: 0.01 acre 

riparian Linear feet: N/A Linear feet: N/A 

Total area: 0.81 acre Total area: 0.07 acre 

Tree Species Number of Trees to be Removed Trunk Diameter (range) 

D Continued on additional page(s) 
"->" "; """"" ' "~""~"." "_,·""" "" __ -,:"': >"-" "_,<_"-">;,"" :;:" /:"~" :i;c >L:"" "< "J>" ::y-,' )·' Y" ,::;·"." ~':",- :-• 
C. f.l'e any speci~Lstatus animal or plant speeies, or ha~ltat that could scupport such _species, Known to oe-pre~ent qn or r 

nearthe projef)\slteT - " "- " - -- " " ""-·-" " """ 

Ill Yes (List each species and/or describe the habitat below) D No D Unknown 
Steelhead (Oncorhynchus mykiss) and California red-legged frog (Rana draytonii) are both present on site. see 
Attachments 1, 4, 5, 6; 7. D 

D Continued on additional page(s) 

Two biological opinions issued and a biological assessment prepared for the project. See Attachment 4 USFWS Documents 
and Attachment 5 NMFS Documents. The BO's are currently being amended. a 

Ocontinued on additional page(s) 

"_{" "":"" --·"" " .-"" .. """··~ . -" < " """ ; "" 

Ill Yes (Enclose the biological study) D No 

Note: A biological assessment or study_ mal'_ be required to evaluate potential project impacts on biological resources. 

llJYes (Enclose the hydrological study) D No 

Note: A hydrological study or other information on site hydraulics (e.g., flows, channel characteristics, and/or flood 
recurrence intervals) may be required to evaluate potential project impacts on hydrology. 
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NOTIFICATION OF LAKE OR STREAMBED ALTERATION 

12. MEASURES TO PROTECT FISH, WILDIFE, AND PLANT RESOURCES 

A. pes~tibe theJecMiqu~s that 'Nill.be.Used,to prevent sectlmepf from entering watero6urs~~ dqrlng ancfaMr.coDstructlon. 

Bay Area Air Quality Management District (BAAQMD) best management practices for dust control, a storm water pollution 
prevention plan (SWPPP), sediment control devices such as silt fences and sediment traps, and post construction erosion 
control such as hydro-seeding and fiber rolls. Please see Attachment 1, Table 6 Summary of IS/MND Mitigation, 
Minimization and Avoidance Measures: Measures AIR-1, BI0-2, HYDR0-1 and HYDR0-2. Also see a list of BMPs in 

Attachment 9. 

Ocontinued on additional page(s) 

B. Describe project avoidance and/or minim_ization "rneasur~s~to prated flshrWIIdllfefa,l"d pla11t resources: > -- -

The numerous avoidance and minimization measures to protect fish, wildlife and plant resources are summarized in 
Attachment 1, Section 4 Project Impacts and Avoidance/Minimization Measures. Some measures include: (1) implementing 
construction work windows for California red-legged frog and steelhead; (2) minimizing nighttime work; (3) installing wildlife 
exclusion fencing and environmentally sensitive areas fencing; (4) implementing environmental awareness training for 
construction personnel; (5) avoiding California red-legged frog entrapment; (6) implementing Storm Water Pollution 
Prevention Plans (SWPPP), and (7) and implementing erosion control BMPs to protect steelhead habitat. 
Also see Attachments 4, 5, 7 and 9. 

D 
0 Continued on additional page(s) 

,C .. Descrlb~. ~t1Y proJe.ct n'liti~ratipn and/or co~PensCltion nieasurE1sio pr()teot flsh,~Wildjife, an~ plant-resoqr~es ..• ·. . •. · 

The creek channel, bank and upland areas left open after construction is completed will be replanted with locally 
appropriate native species. The Conceptual Revegetation Plan (attachment 7) will: (1) expand the amount of existing 
emergent wetland habitat; (2) restore willow riparian habitat along the creek banks; and (3) improve upland habitat values 
for special-status species. The Conceptual Revegetation Plan also takes into account the requirements of the USFWS BO 
to provide native upland habitat for California red-legged frog. The emergent wetland will be replaced, and the upland 
habitat will be installed with a combination of hydroseeding and container planting. The creek widening will result in a net 
increase of 0.3 acre of emergent or forest (riparian) wetland habitat. Also see Attachments 1 and 7. 

0 Continued on additional page(s) 

13. PERMITS 
·- > •. ·- ..... - .... ·. · .•• >. ·._ . ·<.. . .: . .•:<: ·.<= .•.. . . . _-_ •. · .. 

List anyjocal1 state, andfeqeral pennits ~equired fprthe project and check the corresponding box(es), Enclose a copy of 
each permit that has be.en is~ued. ·. · · . ' · .. .._ · ·- · ·.. ..·. ·. · · .. · y;;; < 

A. 

B. 

c. 

Coastal Development Permit 

Clean Water Act Section 404 Permit 

Clean Water Act Section 401 Water Quality Certification 

llJApplied Olssued 

llJApplied 0 Issued 

Ill Applied D Issued 

D. Unknown whether Olocal, Ostate, or 0 federal permit is needed for the project. (Check each box that applies) 

Ill Continued on additional page(s) 
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NOTIFICATION OF LAKE OR STREAMBED ALTERATION 

14. ENVIRONMENTAL REVIEW 
-r·~.~ .. ~.~· .. ~· ... ~.~.~ .. ·.7 .. ·.~ ... ~.-.~ ... ~ •.. ~ ..... ~~ ... ~ ... ~ ... ~ .. ~·7••··~ .... -~ .....• ~.·.~.-... ~·.-~ .... ~ .. ·.~··.~ ..• ~-.~ ... ~ ... ~:·~.·~.·~.~.= .. =.= .• =.=.= .. ==.·= .... ~.-.=.== .. = •. = .. = .. =.=·= •. =.·.= .. =.= ... =.··=.=.= .. ~ ..• ~==~· 

A,.·fla~ .~·.draft o! ~~~ldq~wnent~7en prep~r~~.f()tthe,pro~ect e.ljrsyantto th~,g<:~liforni~ !=nviro~roent~l gy~uty Ac~W~~f\), 
.•. Natlonel EnVIroflmentpLProtectlon Act·(NEI?f\), Cahf()rn1a Endang~m~d Spe,cJ~S Aft(QI;~A) .~ncj/or f(3q~r~l !=nacmger(:ld. 

Species Act (ESA)? .· •.. · · •· · •.. · · · - · · · · · · ·· · - _ ·· ·. · · · · · •.. ··. 

Ill Yes (Check the box for each CEQA, NEPA, CESA, and ESA document that has been prepared and enclose a copy of each) 

0 No (Check the box for each CEQA, NEPA, CESA, and ESA document listed below that will be or is being prepared) 

D Notice of Exemption 

Ill Initial Study 

Ill Mitigated Negative Declaration 

D Environmental Impact Report 

IZINEPA document (type): ----=C-=E __ _ 

OCESA document (type): _____ _ 

D Negative Declaration 

OTHP/NTMP 

Ill Notice of Determination (Enclose) Ill ESA document (type): Biological Opinion 

Ill Mitigation, Monitoring, Reporting Plan 

B. State Clearinghouse Number (if applicable) 2005012126 

C. Has a CEQA lead agency been determined? llJYes (Complete boxes D, E, and F) ONo (Skip to box 14.G) 

D; CEQA .Lead Agency City of Pacifica 

E:. ContactPerson · · Van OCampo, Public Works Director / F. Telephone Number / (650) 738-3767 

G.' If the project described 1~ this notification Is part.of a largerproject or pl~m. briefly descrit;>e that larger project or ple~n. 

Please see Attachment 1, Section 1. The project includes widening the floodplain and deepening a portion of the creek in the 
bridge area to accommodate the 1 00-year flood. Work to widen the creek was to be done as part of a second phase of the 
separate U.S. Army Corps of Engineers San Pedro Creek Flood Control Project following installation of the bridge. It is now 
known that the USAGE will not be completing this work in the foreseeable future. The bridge project also requires a Coastal 
Development Permit from the California Coastal Commission. The bridge cannot be approved by the Coastal Commission 
unless it is protected from flood. 

0 Continued on additional page(s) 

H. Has an environmental filing fee (Fish and Game Code !;ectior1711 A) been paid? 

Ill Yes (Enclose proof of payment) D No (Briefly explain below the reason a filing fee has not been paid) 

Note: If a filing fee is required, the Department may not finalize a Lake or Streambed Alteration Agreement until the filing fee 
is paid. 

15. SITE INSPECTION 

, Check one box only. 
·.· 

DIn the event the Department determines that a site inspection is necessary, I hereby authorize a Department 
representative to enter the property where the project described in this notification will take place at any 
reasonable time, and hereby certify that I am authorized to grant the Department such entry. 

Ill I request the Department to first contact (Insert name) Mohammad Suleiman, Caltrans 

at (insert telephone number) (510) 622-5943 to schedule a date and time 

FG2023 

to enter the property where the project described in this notification will take place. I understand that this may 
delay the Department's determination as to whether a Lake or Streambed Alteration Agreement is required and/or 
the Department's issuance of a draft agreement pursuant to this notification. 

Page 8 of9 Rev. 7/06 



NOTIFICATION OF LAKE OR STREAMBED ALTERATION 

16. DIGITAL FORMAT 

Is any of the information Included as p~rt ?fthe notification avaUabl~ in digital format(Le., CD, DVD, etc.)? 

Ill Yes (Please enclose the information via digital media with the completed notification form) 

0No 

17. SIGNATURE 

I hereby certify lhat to the best of my knowledge the lnfprmation In this notification isJrue and correct and that I am 
authorized to. slgnJhis notlficE:~tion as, or on behalf of, the applicant !understand that ltany information In this .. 
notification is found to be untrue or incorrect, the Qepartrnentmay su~pf:lnd proce$singthls. nolification or suspend or 
revoke any draft or final Lakecor Strearnoeg Alterati0nAg.reemef1tlssue~d pursuantto this notification. J utid~rstarrd .. _ 
also that it any inforrnationiri this notification isfoundtobe U:ntrue ()r lncorrectancHhe prqj!;)d described in tills 
notlficationfras alre:adyl:.>egun, 1 andlor theapplicanf may be sUbject to civil or criminal prosecution. I understand 
that this notification applies onlyto the.project(s)described.herein and that I and/or the applicant may be subject to 
civil or criminal prosecution for undertaking any project not described herein unless the Department has been 
separately notified of that project in accordance With Fish and Game Code section 1602 or 1611. 

Jeffrey G. Jensen 
Print Name 
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NOTICE OF DETERMINATION 

TO: Office of Planning and Research 
Post Office Box 3044 
Sacramento, California 95812-3044 

FROM: California Department of Fish and Wildlife 
Bay Delta Region 
7329 Silverado Trail 
Napa, California 94558 

SUBJECT: Filing of Notice of Determination in compliance with Section 211 08 or 21152 of the 
Public Resources Code 

PROJECT TITLE: Highway 1 Bridge Replacement Project, San Mateo County 

STATE CLEARINGHOUSE NUMBER: 2005012126 

LEAD AGENCY: 
CONTACT: 

California Departmi:mt of Transportation 
Hardeep Takhar, (51 0) 622-8729 

RESPONSIBLE AGENCY: California Department ofFish and Wildlife 
CONTACT: Melissa Escaron, Staff Environmental Scientist, (925) 786-3045 

PROJECT DESCRIPTION I LOCATION: Caltrans proposes to replace the Highway 1 Bridge over San 
Pedro Creek and widen the San Pedro Creek channel (Project) to accommodate 100 year flow events and 
prevent flooding. Avoidance and minimization measures will be implemented to protect sensitive species. 
The California Department ofFish and Wildlife is executing a Lake and Streambed Alteration Agreement 
Number 1600-2012-0001-3 pursuant to Section 1602 ofthe Fish and Game Code to the project Applicant, 
the California Department of Transportation as represented by Hardeep Takhar. 

This is to advise that the California Department ofFish and Wildlife as a Responsible Agency approved 
the project described above on July 19, 2013 and has made the following determinations regarding the 
above described project pursuant to section 15096 (i). 

1. The project will not have a significant effect on the environment. 
2. CDFW considered the Negative Declaration. as previously prepared for this project by the Lead 

Agency. 

This is to certify that a copy of the Negative Declaration prepared for this project is available to the general 
public and may be reviewed at: http://www.dot.ca.gov/dist4/envdocs.htm. Please contact the lead agency 
person specified above. 

Date Received for Filing: __________ _ 



California Coastal Commission 

COASTAL DEVELOPMENT PERMIT 
CDP 2-11-038 (Caltrans) 

Issue Date: August 22, 2013 
Page 1 of 6 

Coastal development permit (CDP) number 2-11-038 was approved by the California Coastal 
Commission on June 14,2013. CDP 2-11-038 allows for the replacement of the Highway 1 Bridge over 
San Pedro Creek and modifications to the San Pedro Creek channel in the area extending from a point 
175 feet inland ofthe bridge to the Pacific Ocean in order to provide flood control and habitat 
restoration, located at Highway 1 at San Pedro Creek (at post mile 40.64-40.95) in the City of Pacifica, 
San Mateo County, (all as more specifically described in the Commission's CDP file). CDP 2-11-038 is 
subject to certain terms and conditions, including the standard and special conditions beginning on page 
2 of this CDP. 

As of August 22, 2013, all of the CDP's prior to issuance requirements have been met, and the CDP can 
now be issued. Thus, by my signature below, the CDP is issued on behalf of the California Coastal 
Commission: 

Dan Carl. North Central Coast Deputy Director for Charles Lester, Executive Director 

Acknowledgement 
The undersigned Permittee acknowledges receipt of this coastal development permit and agrees to abide 
by all terms and conditions thereof. The undersigned Permittee acknowledges that Government Code 
Section 818.4 (that states in pertinent part that "a public entity is not liable for injury caused by the 
issuance of any permit") applies to the issuance of this coastal development permit. 

Permittee: Caltrans Representative Date 

Please note that this coastal development permit is not valid unless and until a copy of it with the signed acknowledgement has been 
returned to the California Coastal Commission's North Central Coast District Office ( 14 Cal. Admin. Code Section 13158(a)). 



----·--- - - - - - - --------

CDP 2-11-038 (Caltrans) 

Standard Conditions 

Issue Date: August 22, 2013 

Page 2 of 6 

1. Notice of Receipt and Acknowledgment. The permit is not valid and development shall not 
commence until a copy of the permit, signed by the permittee or authorized agent, acknowledging 
receipt of the permit and acceptance of the terms and conditions, is returned to the Commission 
office. 

2. Expiration. If development has not commenced, the permit will expire two years from the date on 
which the Commission voted on the application. Development shall be pursued in a diligent manner 
and completed in a reasonable period of time. Application for extension of the permit must be made 
prior to the expiration date. 

3. Interpretation. Any questions of intent or interpretation of any condition will be resolved by the 
Executive Director or the Commission. 

4. Assignment. The permit may be assigned to any qualified person, provided assignee files with the 
Commission an affidavit accepting all terms and conditions of the permit. 

5. Terms and Conditions Run with the Land. These terms and conditions shall be perpetual, and it is 
the intention of the Commission and the permittee to bind all future owners and possessors of the 
subject property to the terms and conditions. 

SPECIAL CONDITIONS: 

This permit is granted subject to the following special conditions: 

1. Habitat Restoration Plan. PRIOR TO ISSUANCE OF THE COASTAL DEVELOPMENT 
PERMIT, the Permittee shall submit two sets of a Revised Habitat Restoration Plan to the Executive 
Director for review and approval. The plan shall be substantially consistent with the plan submitted 
to the Commission on April29, 2013; shall be developed in consultation with the California 
Department of Fish & Wildlife, U.S. Fish & Wildlife Service, and the National Marine Fisheries 
Service; and shall at a minimum include: 

(a) Site Plan. A detailed site plan of the restoration area with habitat acreages identified. 

(b) Baseline. The baseline ecological assessment ofthe restoration area 

(c) Success Criteria. The goals, objectives, and performance standards as set forth in the conceptual 
revegetation plan dated April 2013 modified to include explicit cover criteria for upland 
plantings and removal of blackberry from the upland plant palette. 

(d) Restoration Methods. The final design and construction methods that will be used to ensure the 
habitat restoration plan achieves the defmed goals, objectives, and performance standards. 

California Coastal Commission 



CDP 2·11-038 (Caltrans) 

Issue Date: August 22, 2013 

Page 3 of 6 

(e) Provisions for Submittal oflnitial As Built. Provisions for submittal, within 30 days of 
completion of initial restoration work, of"as built" plans demonstrating that initial restoration 
area activities have been completed in accordance with the approved plan. 

(f) Monitoring and Reporting. A reporting schedule, including that the Permittee shall submit, for 
the review and approval of the Executive Director, a restoration monitoring report prepared by a 
qualified specialist that certifies the habitat restoration is in conformance with the approved plan, 
along with photographic documentation of plant species and plant coverage, beginning the first 
year after initiation of implementation of the plan, and annually for at least the first five years. 
Final monitoring for success will take place no sooner than 3 years following the end of all 
remediation and maintenance activities other than weeding. Monitoring and reporting can cease 
when the restoration meets the goals, objectives, and performance standards as determined by the 
Executive Director. If the final report indicates that the restoration project has been unsuccessful, 
in part or in whole, based on the approved success criteria, the Permittee shall within 120 days 
submit two sets of a revised or supplemental restoration program for the review and approval of 
the Executive Director. The program shall be prepared by a qualified specialist, and shall be 
designed to compensate for those portions of the original restoration that did not meet the 
approved plan's success criteria. The approved revised or supplemental restoration program shall 
be carried out under the direction of the Executive Director until the restoration activities are 
completed consistent with the goals, objectives, and performance standards specified in the 
approved plan and program. 

All requirements above and all requirements of the approved habitat restoration plan shall be 
enforceable components of this CDP. The Permittee shall undertake development in accordance with 
this condition and the approved habitat restoration plan. 

2. Landscape Screening. PRIOR TO ISSUANCE OF THE COASTAL DEVELOPMENT PERMIT, 
the Permittee shall submit two sets of a Landscape Screening Plan to the Executive Director for 
review and approval. The plan shall provide for landscaping (at maturity) capable of screening the 
approved articulated block revetment to the maximum extent practicable (i.e., so that it is not 
obvious from public viewing areas) for the life of the project. The plan shall identify all plant 
materials (size, species, quantity, etc.), all irrigation systems, and all proposed maintenance 
measures, including providing for replacement trees and shrubs as necessary to achieve required 
screening. All plant materials shall be native and non-invasive species selected to be complimentary 
with the mix of native species in the project vicinity, prevent the spread of exotic invasive plant 
species, and avoid contamination of the local native plant community gene pool. All landscaped 
areas shall be maintained by the Permittee; all plant material shall be maintained in a litter-free, 
weed-free, and healthy growing condition, and shall be replaced as necessary to maintain 
compliance with this CDP. No plant species listed as problematic and/or invasive by the California 
Native Plant Society, the California Invasive Plant Council, or as may be so identified from time to 
time by the State of California, and no plant species listed as a 'noxious weed' by the State of 
California or the U.S. Federal Government shall be planted or allowed to naturalize or persist. All 
requirements above and all requirements of the approved Landscape Screening Plan shall be 
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enforceable components of this CDP. The Permittee shall undertake development in accordance with 
the approved Landscape Screening Plan. 

3. Construction Plan. PRIOR TO ISSUANCE OF THE COASTAL DEVELOPMENT PERMIT, the 
Permittee shall submit two sets of a Construction Plan to the Executive Director for review and 
approval. Minor adjustments to the following construction requirements may be allowed by the 
Executive Director if such adjustments: (1) are deemed reasonable and necessary; and (2) do not 
adversely impact coastal resources. The Construction Plan shall, at a minimum, include the 
following: 

(a) Construction Areas. The Construction Plan shall identify the specific location of all 
construction areas, all staging areas, all storage areas, all construction access corridors (to the 
construction site and staging areas), and all public pedestrian access corridors. All such areas 
within which construction activities and/or staging are to take place shall be minimized to the 
maximum extent feasible in order to minimize construction encroachment on sensitive habitats 
and public use areas and to have the least impact on coastal resources, including public access, 
overall. 

(b) Construction Methods and Timing. The Construction Plan shall specify the construction 
methods to be used, including all methods to be used to keep the construction areas separated 
from sensitive habitat and public recreational use areas. All erosion control/water quality best 
management practices to be implemented during construction and their location shall be noted. 
The timing/work seasons restrictions for the various construction components shall be consistent 
with those outlined in the project information submitted April2013. 

(c) Construction Requirements. The Construction Plan applies to initial construction as well as 
future maintenance. The Construction Plan shall include the following construction requirements 
specified by written notes on the Construction Plan. 

1. Prior to the commencement of any development authorized under this CDP, the Permittee 
shall ensure that all on-site workers and contractors understand and agree to observe the 
standards for work outlined in this CDP and in the detailed project description included as 
part of the application submittal as revised by these conditions. 

2. Prior to commencement of ground-disturbing activities, erosion, sediment, and runoff control 
measures shall be deployed in accordance with the final Storm Water Pollution Prevention 
Plan approved pursuant to Special Condition 4, and all measures shall be properly 
maintained throughout the duration of construction activities. 

3. Prior to the commencement of construction, the limits of the work areas and staging areas 
shall be delineated in consultation with a qualified biologist, limiting the potential area 
affected by construction and ensuring that all wetlands and other habitats adjacent to 
construction areas are avoided during construction. All vehicles and equipment shall be 
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restricted to pre-established work areas and haul routes and to established or designated 
staging areas. 

4. All trash shall be properly contained, removed from the work site, and disposed of on a 
regular basis to avoid contamination of habitat during construction activities. Any debris 
inadvertently discharged into coastal waters shall be recovered immediately and disposed of 
consistent with the requirements of this CDP. 

5. Topsoil removed by grading operations shall be stockpiled for reuse and shall be protected 
from compaction and wind or erosion during stockpiling. 

6. Equipment staging, materials storage, and stockpiling areas shall be limited to the locations 
and sizes specified in the approved construction plans. Construction vehicles shall be 
restricted to designated haul routes. Construction equipment and materials shall be stored 
only in designated staging and stockpiling areas as depicted on the approved construction 
plans. 

7. Any fueling and maintenance of construction equipment shall occur within upland areas 
outside of habitat areas or within designated staging areas. Mechanized heavy equipment and 
other vehicles used during the construction process shall not be refueled or washed within 
100 feet of coastal waters. 

8. Fuels, lubricants, and solvents shall not be allowed to enter the coastal waters or wetlands. 
Hazardous materials management equipment including oil containment booms and absorbent 
pads shall be available immediately on-hand at the project site, and a registered first
response, professional hazardous materials clean-up/remediation service shall be locally 
available on call. Any accidental spill shall be rapidly contained and cleaned up. 

All requirements above and all requirements of the approved Construction Plan shall be enforceable 
components of this CDP. The Permittee shall undertake development in accordance with this 
condition and the approved Construction Plan. 

4. Final Storm Water Pollution Prevention Plan. PRIOR TO ISSUANCE OF THE COASTAL 
DEVELOPMENT PERMIT, the Permittee shall submit two sets of a final Storm Water Pollution 
Prevention Plan (SWPPP) to the Executive Director for review and approval. Minor adjustments to 
the following requirements may be allowed by the Executive Director if such adjustments: (1) are 
deemed reasonable and necessary; and (2) do not adversely impact coastal resources. The final 
SWPPP shall include provisions for all of the following: 

(a) Sedimentation Controlled. Runoff from the project site shall not increase sedimentation in 
coastal waters or wetlands post-construction. During construction, runoff from the project site 
shall not increase sedimentation in coastal waters beyond what's allowable under the final Water 
Quality Certification approved for the project by the Regional Water Quality Control Board. 

California Coastal Commission 
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(b) Pollutants Controlled. Runoff from the project site shall not result in other pollutants entering 
coastal waters or wetlands during construction or post-construction. 

(c) BMPs. Best Management Practices (BMPs) shall be used to prevent the entry of polluted 
stormwater runoff into coastal waters and wetlands during construction and post-construction, 
including use of relevant BMPs as detailed in the current California Storm Water Quality Best 
Management Handbooks (http://www.cabmphandbooks.com). 

(d) Spill Measures. An on-site spill prevention and control response program, consisting ofBMPs 
for the storage of clean-up materials, training, designation of responsible individuals, and 
reporting protocols to the appropriate public and emergency services agencies in the event of a 
spill, shall be implemented at the project to capture and clean-up any accidental or other releases 
of oil, grease, fuels, lubricants, or other hazardous materials, including to avoid them entering 
coastal waters or wetlands. 

(e) BMP Schedule. A schedule for installation and maintenance of appropriate construction source
control BMPs to prevent entry of storm water runoff into the construction site and the prevent 
excavated materials from entering runoffleaving the construction site. 

All requirements above and all requirements of the approved SWPPP shall be enforceable 
components of this CDP. The Permittee shall undertake development in accordance with this 
condition and the approved SWPPP. 

5. Other Agency Approval. PRIOR TO COMMENCEMENT OF CONTRUCTION, the Permittee 
shall submit to the Executive Director written evidence that all necessary permits, permissions, 
approvals, and/or authorizations for the approved project have been granted by the United States 
Army Corps of Engineers, California Department ofFish and Wildlife, and Regional Water Quality 
Control Board. Any changes to the approved project required by these agencies shall be reported to 
the Executive Director. No changes to the approved project shall occur without a Commission 
amendment to this coastal development permit unless the Executive Director determines that no 
amendment is necessary. 

California Coastal Commission 



 

 

 

 August 13, 2013 
 CIWQS Place No. 776725 
 
Sent via electronic mail--no hard copy to follow 
 
California Department of Transportation 
Attn: Mohammad Suleiman 
Mohammad_Suleiman@dot.ca.gov 
111 Grand Ave.  
Oakland, CA 94612-3717 
 
Subject:  Water Quality Certification for the Highway 1 San Pedro Creek Bridge 

Replacement and Creek Widening Project, City of Pacifica, San Mateo 
County 

 
Department Project No.: EA 04-265601 
 
Dear Mr. Suleiman: 
 
We have reviewed and hereby issue water quality certification (Certification) to the 
California Department of Transportation (Department) for the Highway 1 San Pedro Creek 
Bridge Replacement and Creek Widening Project (Project). The Department has been 
issued Nationwide Permit 13 for Bank Stabilization and Nationwide Permit 14 for Linear 
Transportation from the U.S. Army Corps of Engineers pursuant to Section 404 of the 
Clean Water Act (33 U.S.C. § 1344). As such, the Department has applied to the San 
Francisco Bay Regional Water Quality Control Board (Water Board) for a Clean Water Act 
Section 401 water quality certification that the Project will not violate State water quality 
standards. 
 
Project: The following project description was derived from application materials received 
by the Water Board on June 10, 2013 and supplemental information provided by the 
Department via email on June 13, July 31, August 6, and August 9, 2013.  
 
The Department proposes removal and replacement of the Highway 1 bridge over San 
Pedro Creek (Creek), and grading to widen and deepen the Creek channel from 175 feet 
upstream of the Highway 1 bridge to the beach (700 feet downstream of the Highway 1 
bridge). The existing two-lane, 40 foot wide by 83 foot long bridge will be replaced with a 
two lane, 63 foot wide by 140 foot long bridge with an adjacent pedestrian/bicycle path. 
The existing bridge does not meet current structural or seismic standards and the bridge 
deck is below the level of the 50-year flood elevation. The proposed bridge will be raised 
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an average of 5 feet and the Creek channel widened and deepened to provide capacity to 
pass the 100-year flood. Construction is expected to start in 2014 and will be completed 
over two years. Work within the Creek channel is expected to be completed in the first 
year. 
 
Project elements include: 
 
Construction Year One 

 Installation of wildlife exclusion fencing along project perimeter,  
 Construction of detour to route Highway 1 traffic to San Pedro Avenue, 
 Vegetation removal and relocation of wildlife within the work area, 
 Temporary diversion of the Creek between June 15 and October 15. Creek 

diversion will be accomplished by constructing cofferdams at the upstream and 
downstream channel grading limits and installing a pump and pipe system to divert 
flows around the work area,  

 Installation of temporary ramps to allow construction equipment access to the 
Creek, 

 Grading to widen the floodplain and realign and deepen the low flow channel of the 
Creek, 

 Armoring of the Creek banks with articulated concrete block mat revetment to 
protect the bridge approaches from scour. Armoring will take place upstream and 
downstream of both the Highway 1 bridge and the San Pedro Avenue bridge,  

 Demolition and removal of the existing bridge which includes two abutments and six 
bents consisting of 18 piles in the Creek channel, 

 Removal of PG&E four-inch gas line which runs under the existing creek bottom, 
 Installation of nine – 30 inch diameter piles at each proposed abutment and five – 

48 inch piles at the bent within the Creek floodplain, 
 Revegetation of the Creek and disturbed areas and removal of cofferdams. 

 
Construction Year Two 

 Relocation of wildlife exclusion fencing, 
 Construction of bridge abutments, bridge, and roadway.   

 
Impacts: Project implementation would permanently impact approximately 0.07 acre of 
riparian vegetation and 0.01 acre of brackish and freshwater marsh due to road paving and 
bridge shading, and 0.10 acre (282 linear feet) of San Pedro Creek due to bank armoring. .  
 
 Permanent Impact Table 

Habitat Type Impact Area (acre) Impact Length (feet) 
Brackish and Freshwater Marsh 0.01 n/a 
Riparian 0.07 n/a 
San Pedro Creek 0.10 282 
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Project implementation would temporarily impact approximately 0.81 acre of riparian 
vegetation, 0.36 acre of brackish and freshwater marsh and 0.23 acre (1,100 linear feet) of 
San Pedro Creek. Temporary impacts will result from temporary Creek diversion, Creek 
channel widening and modifications, demolition and construction of the bridge, and 
construction of the temporary access road. 
 
 Temporary Impact Table 

Habitat Type Impact Area (acre) Impact Length (feet) 
Brackish and Freshwater Marsh 0.36 n/a 
Riparian 0.81 n/a 
San Pedro Creek 0.23 1,100 

 
See Attachment for impact locations and maps.  
 
Roadway Pollutant Impacts: Project implementation would result in approximately 0.17 
acre of new and 2.34 acres of reworked impervious area. Stormwater runoff from 
impervious areas may contain hydrocarbons, metals, volatile organic compounds, trash, 
and sediment at levels that may significantly impact waters of the State if left untreated.  
 
Hydromodification Impacts: Added impervious areas may result in alterations to existing 
hydrologic regimes, resulting in erosion and/or changes of sediment transport in receiving 
waters (hydromodification). Because added impervious area of 0.17 acres for the Project 
will result in a minimal increase in stormwater runoff and stormwater runoff from the project 
discharges to San Pedro Creek which is tidally influenced, hydromodification mitigation is 
not required. 
 
Avoidance and Minimization: The Department has avoided and minimized impacts to 
San Pedro Creek, wetlands, and riparian vegetation by: constructing biofiltration swales 
and strips to treat stormwater runoff prior to discharge to San Pedro Creek; utilizing a 
cofferdam and bypass pipe system to temporarily divert the Creek during construction; 
using sediment and erosion control best management practices; and performing 
construction and demolition activities in the Creek between June 15 and October 15 when 
flows are minimal. 
 
Mitigation: Mitigation for permanent impacts to San Pedro Creek, brackish and freshwater 
marsh, and riparian habitats will occur within the project limits. At least 0.31 acre of riparian 
vegetation, brackish and freshwater marsh, and open water habitats shall be created from 
existing upland and developed roadway areas. Bridge lengthening shall result in at least 
0.09 acre of new open water area and Creek widening shall result in at least 0.21 acre of 
upland converted to riparian habitat and 0.01 acre of upland converted to marsh habitat. 
This project will also convert 0.35 acre of existing riparian habitat to brackish and 
freshwater marsh habitat.  
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To mitigate for temporary impacts to San Pedro Creek, brackish and freshwater marsh, 
and riparian vegetation, the Department shall restore and monitor all impacted areas as 
described in the Highway 1 San Pedro Creek Bridge Replacement and Creek Widening 
Onsite Habitat Restoration Plan dated July 2013. (See Certification Condition nos. 2-4)  
 
See attachment for locations and maps. 
 
Roadway Pollutant Mitigation: As mitigation for increased pollutant loads associated with 
approximately 2.51 acres of added and reworked impervious area for this Project, the 
Department shall construct ten biofiltration swales and strips to treat stormwater runoff 
(see Certification Condition no. 1). Five biofiltration swales and two biofiltration strips shall 
be constructed along Highway 1 to treat stormwater runoff from 1.02 acres of impervious 
area. Three biofiltration swales shall treat runoff from 1.86 acres of impervious surface 
area outside the project limits located on City of Pacifica property at San Pedro Terrace 
Road and Linda Mar Boulevard (see Attachment for location maps and details).  
 
CEQA Compliance: The Department and City of Pacifica evaluated the Project pursuant 
to the requirements of the California Environmental Quality Act (CEQA) in an Addendum to 
Initial Study/Mitigated Negative Declaration. The Department filed a Notice of 
Determination on May 29, 2013 that the Project would not have a significant effect on the 
environment (SCH No. 2005012126). 
 
EcoAtlas: It has been determined through regional, state, and national studies that 
tracking of mitigation/restoration projects must be improved to better assess the 
performance of these projects, following monitoring periods that last several years. In 
addition, to effectively carry out the State’s Wetlands Conservation Policy of no net loss to 
wetlands, the State needs to closely track both wetland losses and mitigation/restoration 
project success. Therefore, we require that the applicant use the California Wetlands Form 
to provide Project information related to impacts and mitigation/restoration measures (see 
Condition No. x of this Certification). An electronic copy of the form and instructions can be 
downloaded at: http://www.waterboards.ca.gov/sanfranciscobay/certs.shtml. Project 
information concerning impacts and mitigation/restoration will be made available at the 
web link: http://ecoatlas.org. 
 
Certification: I hereby issue an order certifying that any discharge from the referenced 
Project will comply with the applicable provisions of sections 301 (Effluent Limitations), 302 
(Water Quality Related Effluent Limitations), 303 (Water Quality Standards and 
Implementation Plans), 306 (National Standards of Performance), and 307 (Toxic and 
Pretreatment Effluent Standards) of the Clean Water Act, and with other applicable 
requirements of State law. This discharge is also regulated under State Water Resources 
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Control Board Order No. 2003 - 0017 – 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 Certification. The following conditions 
are associated with this Certification:  
 

1. As mitigation for increased pollutant loads associated with impervious surface added 
and reworked with the Project, the Department shall provide treatment of stormwater 
runoff from no less than 2.88 acres of impervious area using biofiltration strips and 
swales. The biofiltration strips and swales shall be installed by Project completion and 
be consistent with the plans and soil specifications in the Attachment of this 
Certification. Any revisions to the biofiltration strip and swale design details shall be 
subject to the acceptance of Water Board staff. 
 

2. Within 60 days of completion of construction of biofiltration swales and strips, the 
Department shall submit as-built report. 
  

3. The Department and the City of Pacifica (City) have entered into a Freeway 
Maintenance Agreement that requires the City to maintain the storm water bio-
filtration swales and strips that are required for the Project.  Therefore, the City is 
responsible for ongoing inspection and maintenance of the project bio-filtration 
treatment areas within Department’s right of way and offsite within the City of Pacifica. 
As a result, the City shall be bound by this condition.  The Department shall provide to 
the Water Board a copy of the Freeway Maintenance Agreement with the City of 
Pacifica that describes this maintenance agreement by August 30, 2013.  
 

4. As mitigation for the permanent and temporary impacts to San Pedro Creek, brackish 
and freshwater marsh, and riparian vegetation, the Department shall:   

 

a. Convert no less than 0.21 acre of riparian habitat, 0.01 acre of marsh, and 
0.09 acre of open water habitat, from existing upland and roadway areas; 

b. Restore and monitor the project area as described in the Highway 1 San 
Pedro Creek Bridge Replacement and Creek Widening Onsite Habitat 
Restoration Plan dated July 2013; 

c. Conduct monitoring for a period of no less than five years for restored and 
created habitat areas; 
 

d. The Department shall guarantee a 100 percent survival rate in the first year 
for all emergent and riparian plant stock. The Department shall replace any 
potted plants or willow poles that do not survive the first year; 

e. If plant survival falls below 90 percent within the first three years, plants shall 
be replaced as necessary to assure that the willow riparian and emergent 
wetland species will achieve 80 percent cover in the planted areas within five 
years of the initial planting; 
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f. Control invasive species in the restored and created habitat areas. Invasive 
species control shall be monitored monthly for the first three months after 
planting, then quarterly through the five year restoration monitoring period. 
The absolute cover of invasive plant species shall not exceed five percent in 
any year. Invasive plant species shall be defined as species rated high or 
included as a red alert species by the California Invasive Species Council 
(http://www.cal-ipc.org/), high priority species listed by the Bay Area Early 
Detection network (http://www.baedn.org/), any highly invasive non-native 
species (Tier 1) listed in Appendix I of the Water Board's Fact Sheet for 
Wetland Projects 
(http://www.waterboards.ca.gov/sanfranciscobay/certs.shtml)  

g. Prepare a plan for controlled herbicide use that includes use criteria (e.g., 
target invasive plants, weather condition criteria, herbicide types, and 
setback). All herbicide use shall be inventoried and reported in each 
mitigation site annual report. The type of herbicide, target species, frequency 
and duration of use and setback shall be reported; 

h. Submit annual reports to the Water Board by December 31 each year. All 
monitoring reports shall include photo-documentation utilizing consistent 
photo vantage points. If the monitoring report includes management 
recommendations, then the report must include by when the Department will 
complete those recommendations. 

 
5. The Department shall conduct an as-built survey of the modified San Pedro Creek 

channel within 30 days of construction completion. The survey shall include a 
longitudinal profile of the Creek bottom and cross sections every 50 feet. The Creek 
survey shall start 100 feet upstream of the Project construction limits and end at the 
downstream construction limits.  
 

6. The Department shall conduct yearly monitoring of the Creek channel for five years 
after construction is complete to assess channel condition, Creek morphology, and 
maintenance needs. Monitoring reports shall be submitted to the Water Board by 
December 31 of each year shall include: 

 
a. Creek channel survey including longitudinal profile of the Creek bottom and 

cross sections every 50 feet. The survey shall start 100 feet upstream of the 
Project construction limits and end at the downstream construction limits; 
 

b. A description of changes in Creek channel morphology from the as-built 
survey and a description of Creek channel condition including detailed 
analysis of areas where significant sedimentation, bank erosion or unraveling 
is occurring that might require repair or maintenance. Should monitoring 
identify significant erosion, which forms scarps or scour that threaten to flank 
or undermine the banks, an evaluation of the cause shall be conducted and 
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appropriate adaptive management measures identified and implemented in 
consultation with the appropriate agencies, including but not limited to, the 
Water Board; 

 
c. Photo documentation utilizing consistent photo vantage points of the Creek 

showing vegetation establishment, erosion, and sediment deposition.   
 

7. The Department or City of Pacifica shall apply for necessary permits before 
conducting any future repair or maintenance activities that might impact State waters.  

 
8. The Department is required to use the standard California Wetlands Form to provide 

Project information describing impacts and restoration measures within 14 days from 
the date of this certification. An electronic copy of the form can be downloaded at: 
http://www.waterboards.ca.gov/sanfranciscobay/certs.shtml. The completed form shall 
be submitted electronically to habitatdata@waterboards.ca.gov or shall be submitted 
as a hard copy to both (1) the Water Board (see the address on the letterhead), to the 
attention of  EcoAtlas and (2) the San Francisco Estuary Institute, 4911 Central 
Avenue, Richmond, CA 94804, to the attention of EcoAtlas; 
 

9. Monitoring reports shall be submitted by December 31 of each year either by 
uploading them to the EcoAtlas website at http://ecoatlas.org/regions/ecoregion/bay-
delta/projects, via email, or via mail (see the address on the letterhead). To upload the 
reports, go to the above link, click on your project, click on Files & Links, and follow 
the steps. If the Applicant chooses to upload the Annual Report to the EcoAtlas 
website, the Applicant shall notify the Water Board project manager that the report 
has been uploaded; 

 
10. All temporarily disturbed areas above the ordinary high water mark shall be re-

vegetated using only native plant species. The Department shall not cause, through 
operation of heavy machinery, or any other construction activity, compaction of 
marshes or open waters in areas of temporary impact. Any compaction of marshes or 
open waters in areas of temporary impact shall require mitigation; 
 

11. The Resident Engineer (or appropriately authorized agent) shall hold onsite water 
quality permit compliance meetings (similar to tailgate safety meetings) to discuss 
permit compliance, including instructions on violation avoidance and violation 
reporting procedures. The meetings shall be held at least every other week, before 
forecasted storm events, and when a new contractor or subcontractor arrives to begin 
work at the site. The contractors, subcontractors and their employees, as well as any 
inspectors or monitors assigned to the Project, shall be present at the meetings.  The 
Department shall maintain dated sign-in sheets for attendees at these meetings, and 
shall make them available to the Water Board on request;   
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12. Concrete shall be excluded from surface water for a period of 30 days after it is 
poured/sprayed. During that time the concrete shall be kept moist and runoff from the 
concrete shall not be allowed to enter State waters. Commercial sealants may be 
applied to the concrete surface in instances where 30 days of water exclusion is 
infeasible. If sealant is used, water shall be excluded from the site until the sealant is 
cured. If groundwater comes into contact with fresh concrete, it shall be prevented 
from flowing towards surface water; 

 
13. The Project shall be constructed in conformance with the Project Description 

described in this Certification and Certification application materials. Any change in 
the Project that could impact State waters may require compensatory mitigation and 
shall first be reported to and found acceptable by the Water Board Executive Officer; 

 
14. If, at any time, an unauthorized discharge to surface water (including wetlands, rivers 

or streams) occurs, or any other water quality problem arises, the associated Project 
activities shall immediately cease until adequate BMPs are implemented. The Water 
Board shall be notified promptly within 24 hours after the unauthorized discharge or 
water quality problem arises; 

 
15. The Department shall adhere to the conditions imposed by Nationwide Permit 13 for 

Bank Stabilization Projects and 14 for Linear Transportation Projects issued to the 
Department by the U.S. Army Corps of Engineers, the Streambed Alteration 
Agreement issued to the Department by the California Department of Fish and 
Wildlife, and the Biological Opinion issued by the National Marine Fisheries Service; 

 
16. All activities and best management practices (BMPs) shall be implemented according 

to the submitted application materials and the findings and conditions of this 
Certification. BMPs for erosion, sediment, turbidity and pollutant control shall be 
implemented and in place at commencement of, during, and after any ground clearing 
activities, construction activities, or any other Project activities that could result in 
erosion, sediment, or other pollutant discharges to waters of the State. The BMPs 
shall be implemented in accordance with the Caltrans Construction Site Best 
Management Practice Manual (CCSBMPM) and all contractors and subcontractors 
shall comply with the CCSBMPM. BMPs for erosion and sediment control shall be 
utilized throughout all phases of construction, regardless of date, wherever sediment-
laden runoff threatens to enter waters of the State. The Department shall stage 
erosion and sediment control materials at the work site. All BMPs shall be installed 
properly and in accordance with the manufacturer’s specifications. If the Project 
Resident Engineer elects to install alternative BMPs for use on the project, the 
Department shall submit a proposal to Water Board staff for review and concurrence; 
 

17. The Department shall not use or allow the use of erosion control products that contain 
synthetic materials within waters of the State at any time. The Department shall 
request approval from Water Board staff if an exception from this requirement is 
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needed at a specific location. In upland and riparian areas, the Department shall 
prioritize the use of wildlife-friendly biodegradable (not photo-degradable) erosion 
control products. The Department shall not use or allow the use of erosion control 
products that contain synthetic netting for permanent erosion control (i.e. erosion 
control materials to be left in place for two years or after the completion date of the 
Project).  

 
If the Department finds that erosion control netting or products have entrapped or 
harmed wildlife, personnel shall remove the netting or product and replace it with 
wildlife-friendly biodegradable products;  

 
18. Fueling, lubrication, maintenance, storage and staging of vehicles and equipment 

shall be prohibited within waters of the State. Fueling of individual equipment types 
within waters of the State may be authorized if the Department first prepares a fueling 
plan that: 

a. Identifies the specific piece of machinery that may require fueling within 
waters of the State; 

b. Provides justification for the need to refuel within State waters. The 
justification shall describe why fueling outside of jurisdictional waters is 
infeasible; and 

c. Includes a narrative of specific BMPs that shall be employed to prevent and 
capture fuel releases. 

Fueling of equipment within waters of the State shall be prohibited until the above 
mentioned plan has been approved by Water Board staff. The fueling plan may be 
submitted individually, included in the project Storm Water Pollution Prevention Plan 
(SWPPP), or submitted as a SWPPP amendment. 

 
19. Fueling, lubrication, maintenance, storage and staging of vehicles and equipment 

shall not result in a discharge or a threatened discharge to any waters of the State.  At 
no time shall the Department use any vehicle or equipment which leaks any 
substance that may impact water quality;  
 

20. Except as expressly allowed in this Certification, the Department is prohibited from 
discharging waste to waters of the State. No debris, soil, silt, sand, bark, slash, 
sawdust, rubbish, cement or concrete or concrete washings, welding slag, oil or 
petroleum products, or other organic or earthen material from any construction or 
associated activity of whatever nature, other than that authorized by this Certification, 
shall be allowed to enter into waters of the State. Except for temporary stockpiling of 
waste generated during demolition operations (“temporary” in this instance means 
generated and removed during the same working day), waste materials shall not be 
placed where the materials may be washed by rainfall into waters of the State; 
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21. The Department shall provide analysis and verification that placement of non-
hazardous waste or inert materials (which may include discarded product or recycled 
materials) will not result in degradation of water quality, human health, or the 
environment. All Project-generated waste shall be handled, transported, and disposed 
in strict compliance with all applicable State and Federal laws and regulations. When 
construction is complete, any excess material or debris shall be removed from the 
work area and disposed of properly and in accordance with the  State and Federal 
laws and regulations, the Department is liable and responsible for the proper disposal 
of waste generated by their Project; 

 
22. All imported fill material shall be clean and free of pollutants. All fill material shall be 

imported from a source that has the appropriate environmental clearances and 
permits. The reuse of low-level contaminated solids as fill onsite shall be performed in 
accordance with all State and Federal policies and established guidelines; a plan for 
such re-use must first be submitted to Water Board staff for review and concurrence; 

 
23. Work in flowing or standing surface waters is prohibited; 

 
24. Caltrans shall submit, subject to the acceptance of Water Board staff, a dewatering 

and/or diversion plan that appropriately describes the dewatered or diverted areas 
and how those areas will be handled during construction. The diversion/dewatering 
plans shall be submitted no later than 30 days prior to conducting the proposed 
activity.  Diversion/dewatering activities shall be prohibited until Water Board staff has 
accepted the dewatering/diversion plan for that specific water. Information submitted 
shall include the area or work to be diverted or dewatered and method of the 
proposed activity.  All diversion or dewatering activities shall be designed to minimize 
the impact to waters of the State, avoid fish entrainment, and maintain natural flows 
upstream and downstream.  All dewatering or diversion structures shall be installed in 
a manner that does not cause sedimentation, siltation or erosion upstream or 
downstream.  All dewatering or diversion structures shall be removed immediately 
upon completion of Project activities; 
 

25. 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 Department of Fish and Wildlife and the USFWS, to ensure that Project 
activities do not impact the Beneficial Use of the Preservation of Rare and 
Endangered Species, as described in the San Francisco Bay Regional Water Quality 
Control Plan;  

 
26. The Department shall maintain a copy of this Certification at the Project site to be 

available at all times to Project personnel. It is the responsibility of the Department to 
assure that all personnel (employees, contractors, and subcontractors) are 
adequately informed and trained regarding the conditions of this Certification; 
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27. The Water Board may add to or modify the conditions of this Certification, as 
appropriate, to implement any new or revised water quality standards and 
implementation plans adopted or approved pursuant to the Porter-Cologne Water 
Quality Control Act or section 303 of the Clean Water Act; 

 
28. This Certification action is subject to modification or revocation upon administrative or 

judicial review, including review and amendment pursuant to Section 13330 of the 
California Water Code and Title 23 of the California Code of Regulations, Section 
3867; 

 
29. This Certification action is not intended and shall not be construed to apply to any 

discharge from any activity involving a hydroelectric facility requiring a Federal Energy 
Regulatory Commission (FERC) license or an amendment to a FERC license, unless 
the pertinent certification application was filed pursuant to California Code of 
Regulations 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 

 
30. This Certification is conditioned upon total payment of the full fee required in State 

regulations (23 CCR Section 3833). The Water Board has received the full fee for this 
Certification.  

 
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, 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.  
 
This Certification includes requirements for information and 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 California Water Code, Section 13268. 
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If you have any question, please contact Derek Beauduy at (510) 622-2348, or via e-mail 
to derek.beauduy@waterboards.ca.gov. 
 
 Sincerely, 
 
 
 
 
 Bruce H. Wolfe 
 Executive Officer 
 
 
Attachment 
   

 
cc (via e-mail):  Mr. Bill Orme SWRCB-DWQ Mr. Dale Bowyer, Water Board 

 Mr. Cameron Johnson, USACE Mr. Cyrus Vafai, Caltrans 
 Ms. Jane Hicks, Regulatory Branch, USACE Mr. Hardeep Takhar, Caltrans 
 Ms. Melissa Escaron, CDFW Mr. Jason Brush, USEPA 
 Ms. Paula Gill, USACE Mr. Ryan Olah, USFWS 
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401 Application Dredge and Fill Information
Highway 1 San Pedro Creek Bridge Replacement

Action Area

Ordinary High-water Mark (OHWM)

Countour (1 foot)

Permanent Impacts

Temporary

1. San Pedro Creek from upstream
of the Highway 1 bridge to the ocean.
2. Bank stabilization revetment
3. Coffer dams for creek diversion
4. Bridge to be demolished
5. Pilings beneath bridge
6. Construction access
7. Roadway impacts
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Figure 1 Permanent Impacts to Vegetation Communities
Highway 1 San Pedro Creek Bridge Replacement

Action Area

Permanent and Semi-Permanent Impacts

New Bank Armor, Permanent
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New Pavement, Permanent
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Emergent

Riparian

Eucalyptus

Upland

Beach

Open Water

See Detail A

Detail A
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Creek Vegetation ImpactsFigure 21
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Soil Specifications 

The regional biotreatment soil specifications, approved by the Regional Water Board on 
November 28, 2011 , are provided on the foiiONing pages. The soil specifications are 
included in Attachment L of the Mll1icipal Regional Storm.vater Permit (MRP), as 
amended. Effective December 1, 2011, storrnwater biotreatrnent measlJ"eS are required 
to use the Water Board-approved speciflcations. Alternative biotreatment mixes that 
achieve a long-term infiltration rate of 5 to 1 0 inches per hour, and are suitable for plant 
health, may be used in accordance with the requirements described in the specifications, 
under the heading 'Verification of Alternative Bioretention Soil Mixes". 

APPENDIXK 



Municipal Regional Stonnwater Permit 
Order No. Rl-2009-0074 

ATTACHMENT L 
Provision C.3.c.i.(l)(b)(vi) 

NPDES No. CAS612008 
Attachment L 

Specification of soils for Biotreatment or Rio retention Facilities 

Soils for biotreatment or bioretention areas shall meet two objectives: 

• Be sufficiently permeable to infiltrate runoff at a minimum rate of5" per hour during the 
life of the facility, and 

• Have sufficient moisture retention to support healthy vegetation. 

Achieving both objectives with an engineered soil mix requires careful specification of soil 
gradations and a substantial component of organic material (typically compost). 

Local soil products suppliers have expressed interest in developing 'brand-name' mixes that 
meet these specifications. At their sole discretion, municipal construction inspectors may choose 
to accept test results and certification for a 'brand-name' mix from a soil supplier. 

Tests must be conducted within 120 days prior to the delivery date of the bioretention soil to the 
project site. 

Batch-specific test results and certification shall be required for projects installing more than 100 
cubic yards of bioretention soil. 

SOIL SPECIFICATIONS 

Bioretention soils shall meet the following criteria. "Applicant" refers to the entity proposing the 
soil mixture for approval by a Permittee. 

1. General Requirements - Bioretention soil shall: 

a. Achieve a long-term, in-place infiltration rate of at least 5 inches per hour. 

b. Support vigorous plant growth. 

c. Consist ofthe following mixture of fine sand and compost, measured on a volume basis: 

60%-70% Sand 

30%-40% Compost 

2. Submittal Requirements- The applicant shall submit to the Permittee for approval: 

a . A sample of mixed bioretention soil. 

b. Certification from the soil supplier or an accredited laboratory that the Bioretention Soil 
meets the requirements of this guideline specification. 

c. Grain size analysis results of the fine sand component performed in accordance with ASTM D 
422, Standard Test Method for Particle Size Analysis of Soils. 

d. Quality analysis results for compost perfonned in accordance with Seal of Testing Assurance (STA) 
standards, as specified in 4. 

Attachment L Page L-1 Date: November 28, 2011 



Municipal Regional Stormwater Permit 
Order No. Rl-2009-0074 

NPDES No. CAS612008 
Attachment L 

e. Organic content test results of mixed Bioretention Soil. Organic content test shall be 
performed in accordance with by Testing Methods for the Examination of Compost and 
Composting (TMECC) 05.07A, "Loss-On-Ignition Organic Matter Method". 

f. Grain size analysis results of compost component performed in accordance with ASTM 
D 422, Standard Test Method for Particle Size Analysis of Soils. 

g. A description of the equipment and methods used to mix the sand and compost to 
produce Bioretention Soil. 

h. Provide the name of the testing laboratory(s) and the following information: 

(I) Contact person(s) 

(2) Address(s) 

(3) Phone contact(s) 

(4) E-mail address(s) 

(5) Qualifications of laboratory(s), and personnel including date of current certification 
by ST A, ASTM, or approved equal 

3. Sand for Bioretention Soil 

a. Sand shall be free of wood, waste, coating such as clay, stone dust, carbonate, etc., or any 
other deleterious material. All aggregate passing the No. 200 sieve size shall be 
nonplastic. 

b. Sand for Bioretention Soils shall be analyzed by an accredited lab using #200, #I 00, #40, 
#30, #16. #8, #4, and 3/8 inch sieves (ASTM D 422 or as approved by municipality), and 
meet the following gradation: 

Sieve Size 
Percent Passing (by weight) 

Min Max 
3/8 inch 100 100 

No.4 90 100 

No.8 70 100 

No. 16 40 95 

No. 30 15 70 

No. 40 5 55 

No. 100 0 15 

No. 200 0 5 

Note: all sands complying with ASTM C33 for fine aggregate comply with the above 
gradation requirements. 

Attachment L Page L-2 Date: November 28, 2011 



Municipal Regional Stormwater Permit 
Order No. R2-2009-0074 

4. Composted Material 

NPDES No. CAS612008 
Attachment L 

Compost shall be a well decomposed, stable, weed free organic matter source derived from 
waste materials including yard debris, wood wastes or other organic materials not including 
manure or biosolids meeting the standards developed by the US Composting Council 
(USCC). The product shall be certified through the USCC Seal ofTesting Assurance (STA) 
Program (a compost testing and information disclosure program). 

a. Compost Quality Analysis- Before delivery of the soil, the supplier shall submit a copy of 
lab analysis performed by a laboratory that is enrolled in the US Composting Council's 
Compost Analysis Proficiency (CAP) program and using approved Test Methods for the 
Evaluation of Com posting and Compost (TMECC). The lab report shall verify: 

(l) Feedstock Materials shall be specified and include one or more of the following: 
landscape/yard trimmings, grass clippings, food scraps, and agricultural crop residues. 

(2) Organic Matter Content: 35% -75% by dry wt. 

(3) Carbon and Nitrogen Ratio: C:N < 25:1 and C:N >15:1 

(4) Maturity/Stability: shall have a dark brown color and a soil-like odor. Compost 
exhibiting a sour or putrid smell, containing recognizable grass or leaves, or is hot 
(120F) upon delivery or rewetting is not acceptable. In addition any one of the following 
is required to indicate stability: 

(i) Oxygen Test < 1.3 02 /unit TS /hr 

(ii) Specific oxy. Test< 1.5 02 I unit BVS I 

(iii) Respiration test < 8 C I unit VS I day 

(iv) Dewar test < 20 Temp. rise (0 C) e. 

(v) Solvita® > 5 Index value 

(5) Toxicity: any one of the following measures is sufficient to indicate non-toxicity. 

(i) NH4- : N03-N < 3 

(ii) Ammonium < 500 ppm, dry basis 

(iii) Seed Germination > 80 % of control 

(iv) Plant Trials> 80% of control 

(v) Solvita® > 5 Index value 

(6) Nutrient Content: provide analysis detailing nutrient content including N-P-K, Ca, Na, 
Mg, S, and B. 

(i) Total Nitrogen content 0.9% or above preferred. 

(ii) Boron: Total shall be <80 ppm; Soluble shall be <2.5 ppm 

(7) Salinity: Must be reported; < 6.0 mmhos/cm 

(8) pH shall be between 6.5 and 8. May vary with plant species. 
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Municipal Regional Stormwater Permit 
Order No. Rl-2009-0074 

NPDES No. CAS612008 
Attachment L 

b. Compost for Bioretention Soil Texture - Compost for bioretention soils shall be analyzed by 
an accredited lab using #200, 1/4 inch, 1/2 inch, and 1 inch sieves ASTM D 422 or as 
approved by municipality), and meet the following gradation: 

Sieve Size 
Percent Passing (by weight) 

Min Max 
1 inch 99 tOO 

l/2inch 90 100 

1/4 inch 40 90 

No. 200 2 10 

c. Bulk density shall be between 500 and 1100 dry lbs/cubic yard 

d. Moisture content shall be between 30% - 55% of dry solids. 

e. Inerts - compost shall be relatively free of inert ingredients, including glass, plastic and 
paper, < I % by weight or volume. 

f. Weed seed/pathogen destruction- provide proof of process to further reduce pathogens 
(PFRP). For example, turned windrows must reach min. 55C for 15 days with at least 5 
turnings during that period. 

g. Select Pathogens - Salmonella <3 MPN/4grams ofTS, or Coliform Bacteria <1 0000 
MPN/gram. 

h. Trace Contaminants Metals (Lead. Mercury. Etc.)- Product must meet US EPA, 40 CFR 
503 regulations. 

i. Compost Testing- The compost supplier will test all compost products within 120 
calendar days prior to application. Samples will be taken using the ST A sample collection 
protocol. (The sample collection protocol can be obtained from the U.S. Composting 
Council, 4250 Veterans Memorial Highway, Suite 275, Holbrook, NY 11741 Phone: 
631-73 7-4931, www .compostingcouncil.org). The sample shall be sent to an independent 
ST A Program approved lab. The compost supplier will pay for the test. 

VERIFICATION OF ALTERNATIVE BIORETENTION SOIL MIXES 

Bioretention soils not meeting the above criteria shall be evaluated on a case by case basis. 
Alternative bioretention soil shall meet the following specification: "Soils for bioretention 
facilities shall be sufficiently permeable to infiltrate runoff at a minimum rate of 5 inches per 
hour during the life of the facility, and provide sufficient retention of moisture and nutrients to 
support healthy vegetation." 

The following steps shall be followed by municipalities to verify that alternative soil mixes 
meet the specification: 
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Municipal Regional Stormwater Permit 
Order No. Rl-2009-0074 

NPDES No. CAS6l2008 
Attachment L 

1. General Requirements - Bioretention soil shall achieve a long-term, in-place infiltration rate 
of at least 5 inches per hour. Bioretention soil shall also support vigorous plant growth. The 
applicant refers to the entity proposing the soil mixture for approval. 

a. Submittals- The applicant must submit to the municipality for approval: 

( 1) A sample of mixed bioretention soil. 

(2) Certification from the soil supplier or an accredited laboratory that the Bioretention 
Soil meets the requirements of this guideline specification. 

(3) Certification from an accredited geotechnical testing laboratory that the Bioretention 
Soil has an infiltration rate between 5 and 12 inches per hour as tested according to 
Section 1.b.(2)(ii). 

(4) Organic content test results of mixed Bioretention Soil. Organic content test shall be 
performed in accordance with by Testing Methods for the Examination of Compost 
and Composting (TMECC) 05.07A, "Loss-On-Ignition Organic Matter Method". 

(5) Grain size analysis results of mixed bioretention soil performed in accordance with 
ASTM D 422, Standard Test Method for Particle Size Analysis of Soils. 

(6) A description of the equipment and methods used to mix the sand and compost to 
produce Bioretention Soil. 

(7) The name of the testing laboratory(s) and the following information: 

(i) contact person(s) 

(ii) address(s) 

(iii) phone contact(s) 

(iv) e-mail address(s) 

(v) qualifications of laboratory(s), and personnel including date of current 
certification by STA, ASTM, or approved equal 

b. Bioretention Soil 

(1) Bioretention Soil Texture 

Bioretention Soils shall be analyzed by an accredited lab using #200, and 1/2" inch 
sieves (ASTM D 422 or as approved by municipality), and meet the following 
gradation: 

Sieve Size Percent Passing (by weight) 
Min Max 

1/2 inch 97 100 

No. 200 2 5 

(2) Bioretention Soil Permeability testing 

Bioretention Soils shall be analyzed by an accredited geotechnical lab for the 
following tests: 
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Municipal Regional Stormwater Permit 
Order No. Rl-2009-0074 

NPDES No. CAS612008 
Attachment L 

(i) Moisture - density relationships (compaction tests) shall be conducted on 
bioretention soil. Bioretention soil for the permeability test shall be compacted to 
85 to 90 percent ofthe maximum dry density (ASTM 01557). 

(ii) Constant head permeability testing in accordance with ASTM 02434 shall be 
conducted on a minimum of two samples with a 6-inch mold and vacuum 
saturation. 

MULCH FOR BIORETENTION FACILITIES 

Mulch is recommended for the purpose of retaining moisture, preventing erosion and minimizing 
weed growth. Projects subject to the State's Model Water Efficiency Landscaping Ordinance (or 
comparable local ordinance) will be required to provide at least two inches of mulch. Aged 
mulch, also called compost mulch, reduces the ability of weeds to establish, keeps soil moist, and 
replenishes soil nutrients. Aged mulch can be obtained through soil suppliers or directly from 
commercial recycling yards. It is recommended to apply 1" to 2" of com posted mulch, once a 
YUear, preferably in June following weeding. 
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DEPARTMENT OF THE ARMY 
SAN FRANCISCO DISTRICT, U.S. ARMY CORPS OF ENGINEERS 

1455 MARKET STREET, 16TH FLOOR 
SAN FRANCISCO, CALIFORNIA 94103-1398 

Regulatory Division 

Subject: File Number 2003-28196S 

Mr. Hardeep Takhar 
California Department of Transportation, District 4 
111 Grand A venue, MS 8E 
Oakland, California 94612 

Dear Mr. Takhar: 

ra 12 2013 
' 

This correspondence is in reference to your submittal of June 3, 2013, concerning Department 
of the Army (DA) authorization to replace the San Pedro Creek Bridge located along Highway 1, 
between post mile 40.6 and 40.8, on a bridge over San Pedro Creek in the City of Pacifica, San 
Mateo County, California (37.59461, -122.50507). 

The purpose of the project is to replace the seismically unstable Highway 1 Bridge over San 
Pedro Creek and provide capacity for the 100 year flood under the bridge. Work includes 
removing the existing bridge and replacing it with a two-lane, 63 foot wide, 140 foot long bridge 
that is 5 feet higher than the current bridge. Additionally an adjacent pedestrian/bicycle path will 
be constructed. Work will include rebuilding ofbridge approaches including 990 foot long 
section of roadway to the south and a 570 foot long section of roadway to the north. Existing 
pilings (18) in the creek channel will be removed and five new 48-inch diameter pilings will be 
installed in the floodplain of the creek channel. Articulated concrete block mat will be installed 
upstream and downstream of both the Highway 1 Bridge and the San Pedro A venue Bridge on 
both the north (282 feet) and south (282 feet) banks. The floodplain will be widened and 
deepened to accommodate the 100-year flood. The creek widening project will include 
relocating the low flow channel and widening the floodplain. Widening efforts will extend from 
175 feet upstream of the Highway 1 Bridge to the beach. Creek widening will require removal 
of approximately 6,500 cubic yards of bank and dredged materials to enlarge the creek cross 
section. The creek will be dewatered using a sandbag coffer dam with a pump and bypass pipe. 
Access to build the upstream coffer dam will occur through existing riparian vegetation. Access 
to build the downstream coffer dam will occur from the north on a temporary route that extends 
between the wetland and the beach. Work is proposed to begin in 2014 and will require two 
years to complete. All of the work in the creek channel is planned to occur in the first year. 
Work in the creek channel will occur between June 15 and October 15. Outside of the channel 
the work season will extend from April 15 to October 15. 

Work within U.S. Army Corps of Engineers (Corps) jurisdiction will require the permanent 
placement of fill in 0.13 acre and temporary placement of fill in 0.70 acre ofwetlands associated 
with San Pedro Creek. Work will also require the temporary placement of fill in 0.25 acre in San 



-2-

Pedro Creek. Mitigation for the project shall occur on-site through the re-vegetation of work 
areas as described in the "Revegetation and Mitigation Plan for the Highway 1 Bridge Project at 
San Pedro Creelr' dated May 2013. All work shall be completed in accordance with the plans 
and drawings titled "USACE File #2003-28196S, State Route 1 San Pedro Creek Bridge, June 6, 
2013, Figures 1 to 15" enclosure 1. 

Section 404 of the Clean Water Act (CWA) generally regulates the discharge of dredged or 
fill material below the plane of ordinary high water in non-tidal waters of the United States, 
below the high tide line in tidal waters of the United States, and within the lateral extent of 
wetlands adjacent to these waters. Section 10 of the Rivers and Harbors Act generally regulates 
construction of structures and work, including excavation, dredging, and discharges of dredged 
or fill material, occurring below the plane of mean high water in tidal waters of the United 
States; in former diked bay lands currently below mean high water; outside the limits of mean 
high water but affecting the navigable capacity of tidal waters; or below the plane of ordinary 
high water in non-tidal waters designated as navigable waters of the United States. Navigable 
waters of the United States generally include all waters subject to the ebb and flow of the tide; 
and/or all waters presently used, or have been used in the past, or may be susceptible for future 
use to transport interstate or foreign commerce. 

The enclosed delineation map titled, "San Pedro Creek Bridge Replacement Pacifica, San 
Mateo County, California, Extent of US. Army Corps of Engineers' Jurisdiction pursuant to 
Section 404 of the Clean Water Act and Section 10 of the Rivers and Harbors Act" date certified 
July 5, 2013, accurately depicts the extent and location of wetlands, and other waters ofthe 
United States, within the boundary area of the site that are subject to U.S. Army Corps of 
Engineers' regulatory authority under Section 404 of the Clean Water Act and Section 10 of the 
Rivers and Harbors Act (enclosure 2). This approved jurisdictional determination is based on the 
current conditions of the site, as verified during a field investigation of March 5, 2013 and a 
review of other data included in your submittal. This approved jurisdictional determination will 
expire in five (5) years from the date of this letter, unless new information or a change in field 
conditions warrants a revision to the delineation map prior to the expiration date. 

You are advised that the approved jurisdictional determination may be appealed through the 
U.S. Army Corps of Engineers' Administrative Appeal Process, as described in 33 C.F.R. Part 
331 (65 Fed. Reg. 16,486; Mar. 28, 2000), and outlined in the enclosed flowchart and 
Notification of Administrative Appeal Options, Process, and Request for Appeal (NAO-RF A) 
Form. If you do not intend to accept the approved jurisdictional determination, you may elect to 
provide new information to this office for reconsideration of this decision. If you do not provide 
new information to this office, you may elect to submit a completed NAO-RF A Form to the 
Division Engineer to initiate the appeal process; the completed NAO-RF A Form must be 
submitted directly to the Appeal Review Officer at the address specified on the NAO-RF A Form. 
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You will relinquish all rights to a review or an appeal, unless this office or the Division Engineer 
receives new information or a completed NAO-RFA Form within 60 days ofthe date on the 
NAO-RF A Form. If you intend to accept the approved jurisdictional determination, you do not 
need to take any further action associated with the Administrative Appeal Process. 

Based on a review of the information in your submittal the project qualifies for authorization 
under Department of the Army Nationwide Permits (NWPs) 13 for Bank Stabilization and 14 for 
Linear Transportation, 77 Fed. Reg. 10,184, February 21,2012, pursuant to Section 404 ofthe 
CWA of 1972, as amended (33 U.S.C. § 1344 et seq.) and Section 10 ofthe Rivers and Harbors 
Act (RHA) of 1899, as amended (33 U.S.C. § 403 et seq.). The project must be in compliance 
with the terms of the NWP, the general conditions of the Nationwide Permit Program, and the 
San Francisco District regional conditions cited in enclosure 3. You must also be in compliance 
with any special conditions specified in this letter for the NWP authorization to remain valid. 
Non-compliance with any term or condition could result in the revocation of the NWP 
authorization for your project, thereby requiring you to obtain an Individual Permit from the 
Corps. This NWP authorization does not obviate the need to obtain other State or local approvals 
required by law. 

This verification will remain valid until March 18, 2017, unless the NWP authorization is 
modified, suspended, or revoked. Activities which have commenced (i.e., are under 
construction) or are under contract to commence in reliance upon a NWP will remain authorized 
provided the activity is completed within 12 months of the date of a NWP's expiration, 
modification, or revocation, unless discretionary authority has been exercised on a case-by-case 
basis to modify, suspend, or revoke the authorization in accordance with 33 C.P.R.§ 330.4(e) 
and 33 C.P.R.§§ 330.5 (c) or (d). This verification will remain valid if, during the time period 
between now and March 18, 2017, the activity complies with any subsequent modification of the 
NWP authorization. The Chief of Engineers will periodically review NWPs and their conditions 
and will decide to either modify, reissue, or revoke the permits. If a NWP is not modified or 
reissued within five years of its effective date, it automatically expires and becomes null and 
void. It is incumbent upon you to remain informed of any changes to the NWPs. Changes to the 
NWPs would be announced by Public Notice posted on our website 
(http://www.spn.usace.army.mil/Missions/Regulatory.aspx). Upon completion of the project and 
all associated mitigation requirements, you shall sign and return the Certification of Compliance, 
enclosure 4, verifying that you have complied with the terms and conditions of the permit. 

This authorization will not be effective until you have obtained a Section 401 water quality 
certification from the San Francisco Bay Regional Water Quality Control Board (RWQCB). If 
the RWQCB fails to act on a valid request for certification within two months after receipt of a 
complete application, the Corps will presume a waiver of water quality certification has been 
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obtained. You shall submit a copy of the certification to the Corps prior to the commencement 
of work. 

This authorization will not be effective until you have obtained a concurrence from the 
California Coastal Commission that your project will comply with California's Coastal Zone 
Management Act. If the Commission fails to act on a valid request for concurrence with your 
certification within six months after receipt, the Corps will presume a concurrence has been 
obtained. You shall submit a copy of the concurrence to the Corps prior to the commencement of 
work. 

General Condition 18 stipulates that project authorization under a NWP does not allow for 
the incidental take of any federally-listed species in the absence of a biological opinion (BO) 
with incidental take provisions. As the principal federal lead agency for this project, Caltrans 
completed consultation with the United States Fish and Wildlife Service (USFWS) and the 
National Marine Fisheries Service (NMFS) to address project related impacts to list species, 
pursuant to Section 7(a) of the Endangered Species Act of 1973, as amended (16 U.S.C. § 1531 
et seq. 

In order to ensure compliance with this NWP authorization, the following special conditions 
shall be implemented: 

1. Appropriate measures must be taken to maintain normal downstream flows and minimize 
flooding to the maximum extent practicable, when temporary structures, work, and 
discharges, including cofferdams, are required. 

2. Temporary fills must consist of materials, and be placed in a manner, that will not be 
eroded by expected high flows. 

3. Temporary fills (including cofferdam) must be removed in their entirety and the affected 
areas returned to pre-construction elevations at the end of the construction season (i.e., 
October 15, 2014). 

4. Articulated revetment block mat used for bank stabilization shall be planted with willow 
where appropriate post-construction. 

5. Within 1-year of initiation oftemporary impact to a jurisdictional feature, you shall re
contour the 0. 70 acre of temporarily impacted wetland and 0.25 acre of Other Waters of 
the U.S. within the project area. Planting shall occur, in appropriate areas, as depicted in 
the enclosed figures titled, "USACE File #2003-28196S, State Route I San Pedro Creek 
Bridge, July 5, 2013, Figures 16 and 17'' (enclosure 5). 
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6. On-site mitigation will be achieved through re-vegetation (0.95 ac) ofwaters ofthe U.S., 
creation of wetland (0.22 ac), and creation of Other Waters of the U.S. (0.34 ac), 
restoration of beach habitat (0.26 ac), invasive species control, and monitoring within the 
1. 79 acres graded for project implementation as outlined in the "Revegetation and 
Mitigation Plan for the Highway 1 Bridge Project at San Pedro Creek" dated May 2013. 
A management and monitoring program (Table 7, page 17) will be implemented as 
outlined in the plan. The monitoring program shall occur for minimum of 5 years. If at 5 
years, 80% vegetative cover is not achieved, than monitoring shall continue until target 
vegetative cover is met for two consecutive years. Reports shall be submitted to the 
Corps by December 31 of each year. 

7. In the event that you are unable to implement the plan described in special conditions 5 
and 6, within 1-year of completion of the project, or if you are unable to meet outlined 
success criteria by year 10, you must purchase credits at a Corps approved mitigation 
bank to compensate for the temporary and permanent impacts at a 3:1 ratio. If no 
approved bank or in-lieu fee is available, you shall propose an alternative mitigation plan 
to be reviewed and approved by the Corps. 

8. Any changes to the "Revegetation and Mitigation Plan for the Highway 1 Bridge Project 
at San Pedro Cree/C' dated May 2013, as a result of requests made by the Regional Water 
Quality Control Board or other agency, including changes to the performance standards and 
any proposed adaptive management actions, shall be submitted in writing to the Corps at 
least 60 days prior to proposed implementation. Caltrans shall not implement the proposed 
changes prior to receiving written approval from the Corps. 

9. To remain exempt from the prohibitions of Section 9 ofthe Endangered Species Act, the 
non-discretionary Terms and Conditions for incidental take of federally-listed California 
red-legged frog shall be fully implemented as stipulated in the Biological Opinion titled, 
"Biological Opinion on the Effects of the Proposed State Route 1 San Pedro Creek 
Bridge Replacement Project, San Mateo County California (Caltrans EA 265600)" 
(pages 1- 30) dated October 18,2011 (enclosure 6) revised April22, 2013 (enclosure 7). 
Project authorization under the NWP is conditional upon compliance with the mandatory 
terms and conditions associated with incidental take. Failure to comply with the terms 
and conditions for incidental take, where a 'take' of a federally-listed species occurs, 
would constitute an unauthorized take and non-compliance with the NWP authorization 
for your project. The USFWS is, however, the authoritative federal agency for 
determining compliance with the incidental take statement and for initiating appropriate 
enforcement actions or penalties under the Endangered Species Act. 
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10. To remain exempt from the prohibitions of Section 9 of the Endangered Species Act, the 
non-discretionary Terms and Conditions for incidental take of federally-listed central 
California coast steelhead shall be fully implemented as stipulated in the Biological 
Opinion titled, "Re-initiation of the San Pedro Creek Highway I Bridge Replacement 
Project" (pages 1 - 45) dated April10, 2013 (enclosure 8). Project authorization under the 
NWP is conditional upon compliance with the mandatory terms and conditions associated 
with incidental take. Failure to comply with the terms and conditions for incidental take, 
where a 'take' of a federally-listed species occurs, would constitute an unauthorized take 
and non-compliance with the NWP authorization for your project. The NMFS is, 
however, the authoritative federal agency for determining compliance with the incidental 
take statement and for initiating appropriate enforcement actions or penalties under the 
Endangered Species Act. 

11. Fill removed for creek widening shall be disposed outside of Corps jurisdiction. 

You may refer any questions on this matter to Paula Gill of my Regulatory staff by 
telephone at 415-503-6776 or by e-mail at Paula.C.Gill@usace.army.mil. All correspondence 
should be addressed to the Regulatory Division, South Branch, referencing the file number at the 
head of this letter. 

The San Francisco District is committed to improving service to our customers. My 
Regulatory staff seeks to achieve the goals of the Regulatory Program in an efficient and 
cooperative manner, while preserving and protecting our nation's aquatic resources. If you 
would like to provide comments on our Regulatory Program, please complete the Customer 
Service Survey Form available on our website: http://per2.nwp.usace.army.mil/survey.html. 

Enclosures 

Sincerely, 

/1/h/ .. /y 
Jane M. H" s\-1 . 
Chief, Regulato\~ision 



Copies furnished: 

US EPA, San Francisco, CA 
US FWS, Sacramento, CA 
US NMFS, Santa Rosa, CA 
CA CC, San Francisco, CA 
CD DFG, Yountville, CA 
CA RWQCB, Santa Rosa, CA 
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Attached is: See Section below 

INITIAL PROFFERED PERMIT (Standard Permit or Letter of ermission) A 
PROFFERED PERMIT (Standard Permit or Letter of permission) B 
PERMIT DENIAL c 

x APPROVED JURISDICTIONAL DETERMINATION D 
PRELIMINARY JURISDICTIONAL DETERMINATION E 

SECTION I - The following identifies your rights and options regarding an administrative appeal of the above 

decision: Additional information may be found at http://www.usace.army.mil/cecw/pages/reg materials.aspx 

or Co s re ations at 33 CFR Part 331. 
A: INITIAL PROFFERED PERMIT: You may accept or object to the permit. 

• ACCEPT: If you received a Standard Permit, you may sign the permit document and return it to the district engineer for final 
authorization. If you received a Letter of Permission (LOP), you may accept the LOP and your work is authorized. Your 
signature on the Standard Permit or acceptance of the LOP means that you accept the permit in its entirety, and waive all rights 
to appeal the permit, including its terms and conditions, and approved jurisdictional determinations associated with the permit. 

• OBJECT: If you object to the permit (Standard or LOP) because of certain terms and conditions therein, you may request that 
the permit be modified accordingly. You must complete Section II of this form and return the form to the district engineer. 
Your objections must be received by the district engineer within 60 days of the date of this notice, or you will forfeit your right 
to appeal the permit in the future. Upon receipt of your letter, the district engineer will evaluate your objections and may: (a) 
modify the permit to address all of your concerns, (b) modify the permit to address some of your objections, or (c) not modify 
the permit having determined that the permit should be issued as previously written. After evaluating your objections, the 
district engineer will send you a proffered permit for yoirr reconsideration, as indicated in Section B below. 

B: PROFFERED PERMIT: You may accept or appeal the permit 

• ACCEPT: If you received a Standard Permit, you may sign the permit document and return it to the district engineer for final 
authorization. If you received a Letter of Permission (LOP), you may accept the LOP and your work is authorized. Your 
signature on the Standard Permit or acceptance of the LOP means that you accept the permit in its entirety, and waive all rights 
to appeal the permit, including its terms and conditions, and approved jurisdictional determinations associated with the permit. 

• APPEAL: If you choose to decline the proffered permit (Standard or LOP) because of certain terms and conditions therein, you 
may appeal the declined permit under the Corps of Engineers Administrative Appeal Process by completing Section II of this 
form and sending the form to the division engineer. This form must be received by the division engineer within 60 days of the 
date of this notice. 

C: PERMIT DENIAL: You may appeal the denial of a permit under the Corps of Engineers Administrative Appeal Process 
by completing Section II of this form and sending the form to the division engineer. This form must be received by the division 
engineer within 60 days of the date of this notice. 

D: APPROVED JURISDICTIONAL DETERMINATION: You may accept or appeal the approved JD or 

provide new information. 

• ACCEPT: You do not need to notify the Corps to accept an approved JD. Failure to notify the Corps within 60 days of the 
date of this notice, means that you accept the approved JD in its entirety, and waive all rights to appeal the approved JD. 

• APPEAL: lfyou disagree with the approved JD, you may appeal the approved JD under the Corps of Engineers Administrative 
Appeal Process by completing Section II of this form and sending the form to the division engineer. This form must be received 
by the division engineer within 60 days of the date of this notice. 

E: PRELIMINARY JURISDICTIONAL DETERMINATION: You do not need to respond to the Corps 

regarding the preliminary JD. The Preliminary JD is not appealable. If you wish, you may request an 

approved JD (which may be appealed), by contacting the Corps district for further instruction. Also you may 

provide new information for further consideration by the Corps to reevaluate the JD. 



SECTION II - REQUEST FOR APPEAL or OBJECTIONS TO AN INITIAL PROFFERED PERMIT 
REASONS FOR APPEAL OR OBJECTIONS: (Describe your reasons for appealing the decision or your objections to an 
initial proffered permit in clear concise statements. You may attach additional information to this form to clarify where your reasons 
or objections are addressed in the administrative record.) 

ADDITIONAL INFORMATION: The appeal is limited to a review of the administrative record, the Corps memorandum for the 
record of the appeal conference or meeting, and any supplemental information that the review officer has determined is needed to 
clarify the administrative record. Neither the appellant nor the Corps may add new information or analyses to the record. However, 
you may provide additional information to clarify the location of information that is already in the administrative record. 

POINT OF CONTACT FOR QUESTIONS OR INFORMATION: 
If you have questions regarding this decision and/or the appeal 
process you may contact: 
Cameron Johnson 
South Branch Chief, Regulatory Division 
San Francisco District, U.S. Army Corps of Engineers 
1455 Market Street, 16'h floor 
San Francisco, CA 94103-1398 
Phone: (415) 503-6773 Email : Cameron.L.Johnson@usace.army.mil 

If you only have questions regarding the appeal process you may 
also contact: Thomas J. Cavanaugh 

Administrative Appeal Review Officer, 
U.S. Army Corps of Engineers 
South Pacific Division 
1455 Market Street, 2052B 
San Francisco, California 94103-1399 
Phone: (415) 503-6574 Fax: (415) 503-6646 
Email : thomas. i .cavanaughlaJ,usace. armv. mil 

RIGHT OF ENTRY: Your signature below grants the right of entry to Corps of Engineers personnel, and any government 
consultants, to conduct investigations of the project site during the course of the appeal process. You will be provided a 15 day 
notice of any site investigation, and will have the opportunity to participate in all site investigations. 

Date: Telephone number: 

Signature of appellant or agent. 

SPD version rev ised December 17, 20 I 0 



Administrative Appeal Process for 
Approved Jurisdictional Determinations 

Approved JD valid 
for 5 years. 

District makes new 
approved JD. 

To continue with appeal 
process, appellant must 

revise RFA. 
See Appendix D. 

Division engineer or designee 
remands decision to district, 
with specific instructions, for 

No 

reconsideration; appeal Yes 
process completed . 

Appendix C 

District issues approved 
Jurisdictional Determination (JD) 
to applicant/landowner with NAP. 

Applicant decides to appeal approved JD. 
Applicant submits RFA to division engineer 
within 60 days of date of NAP. 

Corps reviews RFA and notifies 
appellant within 30 days of receipt. 

Optional JD Appeals Meeting and/or 
site investigation. 

RO reviews record and the division engineer 
(or designee) renders a decision on the merits 
of the appeal within 90 days of receipt of an 
acceptable RFA. 

District's decision is upheld; 
appeal process completed. 



Bijan Sartipi 
District Director 

UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
Southwest Region 
501 West Ocean Boulevard, Suite 4200 
Long Beach, California 90802-4213 

APR 1 0 2013 

In response refer to: 
2013-9450 

California Department of Transportation, District 4 
I I I Grand A venue 
Oakland, California 94623 

Dear Mr. Sartipi: 

Thank you for your letter of January 30, 2013, requesting reinitiation of formal consultation with 
NOAA's National Marine Fisheries Service (NMFS) pursuant to section 7 of the Endangered 
Species Act (ESA) of 1973, as amended (16 U.S.C. 1531 et seq.). Effective October I, 2012, the 
Federal Highway Administration (FHW A) assigned, and the California Department of 
Transportation (Caltrans) has assumed all responsibilities for consultation and approval on most 
highway projects in California. Therefore, Caltrans is considered the federal action agency for 
ESA consultations with NMFS for federally funded projects. This letter transmits NMFS' 
biological opinion for Caltrans proposed San Pedro Creek Highway 1 Bridge Replacement 
Project located in the town of Pacifica, in northern San Mateo County, California. The enclosed 
biological opinion describes NMFS' analysis of the effect of implementing the proposed project 
on the threatened Central California Coast (CCC) steelhead (Oncorhynchus mykiss) Distinct 
Population Segment (DPS) and their designated critical habitat. 

Based on the best available information, the enclosed biological opinion concludes the San Pedro 
Creek Highway 1 Bridge Replacement Project is likely to adversely affect CCC steelhead and 
their critical habitat, but is not likely to jeopardize the continued existence of CCC steelhead, and 
is not likely to result in the destruction or adverse modification of its critical habitat. An 
incidental take statement is included with the enclosed biological opinion. The incidental take 
statement includes non-discretionary terms and conditions that are expected to minimize the 
impacts of incidental take of CCC steelhead as a result of the bridge replacement activities. 
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If you have any questions regarding the enclosed biological opinion, please contact Mr. Joel 
Casagrande at (707) 575-6016, or joel.casagrande@noaa.gov. 

2~ 
-f!.w Rodney R. Mcinnis 

Regional Administrator 

Enclosures 

cc: Chris Yates, NMFS, Long Beach 
Stuart Kirkham, Caltrans, Oakland 
Jerry Roe, USFWS, Sacramento 
Melissa Escaron, CDFW, Napa 
Paula Gill, Corps, San Francisco 
Van Ocampo, City of Pacifica 
Copy to file 151422SWR201ISR00369 



 
 

 
 

Enclosure 
 

BIOLOGICAL OPINION 
 

ACTION AGENCY: California Department of Transportation (Caltrans) 
 
ACTION:  Reinitiation of the San Pedro Creek Highway 1 Bridge 

Replacement Project 
 
CONSULTATION 
CONDUCTED BY:    National Marine Fisheries Service, Southwest Region 
 
TRACKING NUMBER: 2013-9450 
 
DATE ISSUED:  April 10, 2013 
 
 
I. CONSULTATION HISTORY 
 
Effective October 1, 2012, California Department of Transportation (Caltrans) will be acting as 
the lead agency as per the Memorandum of Understanding (MOU) between the Federal Highway 
Administration (FHWA) and Caltrans pursuant to the Moving Ahead for Progress in the 21st 
Century Act (MAP-21).  This law allows the Secretary of Transportation to assign, and Caltrans 
to assume, responsibility for the environmental review, consultation, or other actions required 
under any environmental law with respect to one or more highway projects within the state of 
California. The MOU is an extension of previous agreements between FHWA and Caltrans in 
2007 and 2010 under a similar law. 
 
On September 29, 2000, NOAA’s National Marine Fisheries Service (NMFS) received a letter 
dated September 27, 2000, from FHWA for the replacement of the Highway 1 Bridge over San 
Pedro Creek in Pacifica, California.  In their letter, FHWA determined that the project was not 
likely to adversely affect federally threatened Central California Coast (CCC) steelhead 
(Oncorhynchus mykiss).  After reviewing the proposed project, NMFS concurred pursuant to 
section 7 of the Endangered Species Act (ESA) of 1973, as amended (16 U.S.C. § 1531 et seq.), 
by letter issued December 13, 2000, that the project was unlikely to adversely affect CCC 
steelhead.   However, due to funding limitations, the San Pedro Creek Highway 1 Bridge 
replacement project was placed on hold.  In 2009, San Mateo County Measure A, which 
authorizes 0.5 percent sales tax for County and local transportation needs, was reauthorized 
which made additional funding available to proceed with the project. 
 
The replacement of the Highway 1 Bridge will occur in an area of San Pedro Creek that has been 
highly modified.  Recently, the San Pedro Creek Flood Control Project (SPCFCP) has widened 
the lower reaches of the creek in this area to reduce flooding.  The SPCFCP is being 
implemented by the U.S. Army Corps of Engineers (Corps) after consulting with NMFS in 1999 
(1999a).  Phase 1 of the project involved the construction of a 9-acre forested wetland along San 
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Pedro Creek from the Linda Mar Rehabilitation Center downstream to the Highway 1 Bridge.  
This included widening the channel and restoring stream meanders throughout the reach, which 
allowed for greater connection to the floodplain and additional stream flow conveyance.  Phase 2 
of the SPCFCP included the construction of a one-acre estuarine wetland downstream of the 
Highway 1 Bridge, which also included widening of the creek channel in order to carry the 100-
year storm event, or approximately 3,500 cubic feet per second (cfs) for this creek (City of 
Pacifica and United States Army Corps of Engineers 1998).  Phase 1 was completed in 2005, and 
Phase 2 was completed in early 2006.  The channel widening beneath the Highway 1 Bridge was 
to be completed by the Corps after a wider bridge structure was completed by Caltrans.   
Widening of the Highway 1 Bridge is designed to fit the new channel width created upstream 
(Phase 1) and downstream (Phase 2) by the SPCFCP.   
 
In May 2010, Caltrans’ consultant (TRA Environmental Sciences, Inc., or TRA) contacted 
NMFS regarding the status and validity of the December 13, 2000, concurrence letter for the 
replacement of the Highway 1 Bridge over San Pedro Creek.  NMFS informed TRA that impacts 
associated with pile driving on steelhead were not evaluated during the original consultation in 
2000.  NMFS, therefore, recommended re-initiation of consultation for the bridge replacement.  
 
On May 25, 2010, NMFS sent an email to TRA describing what information would be required 
of Caltrans to begin re-initiation of consultation.  Staff from NMFS and the City of Pacifica’s 
consultant (Wilsey Ham) exchanged further email correspondence on June 10 and 14, 2010, 
regarding project design and hydrologic analyses. 
 
On August 30, 2010, staff from the City of Pacifica, Wilsey Ham, Caltrans, TRA, the Corps, and 
NMFS met in the City of Pacifica to discuss the project.  Staff from the City of Pacifica, 
Caltrans, and NMFS presented their concerns including the need for additional information 
regarding scour potential and possible pile driving effects. 
 
During a quarterly teleconference meeting with Caltrans on April 20, 2011, Caltrans requested 
an update on the status of the consultation.  NMFS reminded Caltrans that additional information 
regarding pile driving, hydraulic analysis, scour protection features, and their potential impacts 
on steelhead had been requested and no responses had been received.  On June 2, 2011, Caltrans 
provided a document with the additional information requested, including an updated project 
description.  Based on the updated hydro-acoustic information, it was determined that the 
cumulative sound exposure levels (SEL) generated from pile driving adjacent to the wetted 
channel would exceed the threshold for fish injury and, therefore, could result in adverse effects 
to juvenile steelhead rearing nearby.  Between June 6 and June 17, NMFS and Caltrans staff 
discussed potential methods that may help reduce cumulative SEL generated in the project action 
area.   
 
On June 28, 2011, staff from NMFS, Caltrans, TRA, City of Pacifica, and Wilsey Ham met to 
discuss and finalize a method for pile installation that would result in the lowest risk to steelhead.  
The consulting engineer indicated the maximum number of impact hammer strikes per day 
needed in order not to exceed the cumulative SEL detrimental to steelhead would be 
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approximately 180 strikes (approximately 3-4 minutes of pile driving per day), and it would 
require approximately 1,600 strikes to install each pile (with 19 total piles needed).  At this rate, 
it would require several (4-5) months of pile installation and would slow the entire project 
substantially.  All parties agreed that relocating and excluding steelhead from the area would best 
minimize potential impacts to steelhead and would substantially reduce the time needed to 
complete the project.  NMFS advised Caltrans to request formal consultation for this project in 
order to provide incidental take coverage for the purpose of capturing and temporarily relocating 
steelhead from the project’s action area.   
 
On July 11, 2011, NMFS received a letter dated July 1, 2011, from Caltrans requesting initiation 
of formal consultation pursuant to section 7 of the ESA, for the San Pedro Creek Highway 1 
Bridge Replacement Project.  Caltrans determined the project, as proposed, is likely to adversely 
affect the CCC steelhead Distinct Population Segment (DPS) and may affect but will not 
adversely affect designated critical habitat for CCC steelhead.  On July 11, 2011, NMFS 
determined the amount and quality of information available was sufficient to initiate formal 
consultation and NMFS finalized and provided its Biological Opinion (BO) to Caltrans on 
August 2, 2011.   
 
On June 20, 2012, NMFS contacted TRA regarding the status of final fish relocation plans and 
the potential for implementing these activities during the summer of 2012.  TRA responded to 
NMFS via email on June 22, 2012, and indicated the bridge replacement project was not going to 
be constructed in 2012 because the California Coastal Commission would not issue its permit for 
the project unless it also included the channel widening activities beneath the new bridge which 
were originally part of the Corps’ SPCFCP to be completed after Caltrans constructed a wider 
bridge.  According to TRA and Caltrans, the Corps no longer had sufficient funding to complete 
the remainder of the channel widening project (section beneath the Highway 1 Bridge).  The City 
of Pacifica has since acquired additional funding necessary to complete the channel widening 
activities as a component of this project.  The channel widening activities will require dewatering 
of the stream channel, which was not a covered activity under NMFS’ 2011 BO and, therefore, 
reinitiation was necessary.  
 
Between June 27, 2012, and January 28, 2013, staff from NMFS, Caltrans, TRA, the City of 
Pacifica, and Wilsey Ham participated in multiple conference calls regarding the revised scope 
of work, including channel dewatering plans, proposed channel widening and grading activities, 
and vegetation clearing necessary to complete the revised project. Caltrans and the City of 
Pacifica reminded NMFS of the time sensitive nature attached to some of the funding for the 
bridge replacement. 
 
On January 29, 2013, staff from NMFS, Caltrans, TRA, the City of Pacifica, Wilsey Ham, the 
United States Fish and Wildlife Service (USFWS), the California Coastal Commission, and the 
San Mateo County Transportation Authority held a meeting and site visit in the City of Pacifica 
to review and discuss the revised proposed activities, project concerns, project timelines, and 
species work windows.  Based on the information presented, both NMFS and USFWS staff 
requested additional information regarding specific project activities that were not well described 
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including the replacement of a portion of a Pacific Gas and Electric Company (PG&E)  gas line 
that runs beneath San Pedro Creek.    
 
On January 30, 2013, NMFS received a letter dated January 18, 2013, requesting reinitiation of 
consultation for the San Pedro Creek Highway 1 Bridge Replacement Project.  The letter was 
accompanied with an updated project description.  On February 13, 2013, NMFS determined the 
information provided by Caltrans was sufficient to initiate consultation. 
 
II. DESCRIPTION OF THE PROPOSED ACTION 
 
Caltrans proposes to replace the Highway 1 Bridge over San Pedro Creek in the City of Pacifica, 
at post mile (PM) 40.6-40.8.  The purpose of this project is to replace the existing bridge with a 
longer and more elevated structure that meets all current structural designs and will reduce flood 
potential.  The existing bridge does not meet current seismic and structural design standards.  
The bridge and narrow channel dimensions below the bridge also act as a barrier to flood water 
flows as generated by a four year event (1,000 cfs).  To facilitate higher flow volumes, Caltrans 
will also grade the existing channel (widen and deepen in some areas) to match the existing and 
already enlarged channel upstream and downstream of the highway.  The channel widening 
activities will require creek dewatering and fish relocation.  Bank armoring is also proposed for 
some areas and will consist of articulated concrete revetment mats, which have open cells that 
will be filled with native soil and planted with native riparian vegetation.  The project is expected 
to start in 2014 (potentially 2015) and will require two years to complete with in-channel work 
expected to last only one year.  The new bridge is designed to carry existing traffic needs (i.e., no 
increase in the number of traffic lanes), will meet current seismic standards, and with the 
widened channel, will convey greater stream flows during winter including the 100 year flood 
event.  There is also one interrelated or interdependent activity associated with the proposed 
project, which involves the replacement of a section of buried gas line beneath the creek that will 
be exposed during the channel widening.   
   
A.  Description of Project Activities 
 
The existing Highway 1 Bridge was built in 1955, and consists of a 2-lane structure (one lane in 
each direction) that is approximately 40 feet wide and 83 feet long which rests on two abutments 
and three bents.  The bridge crosses San Pedro Creek, a perennial stream, which discharges to 
the Pacific Ocean approximately 700 feet downstream.  San Pedro Avenue also crosses San 
Pedro Creek just downstream of and parallel to Highway 1.  The proposed Highway 1 Bridge 
replacement project involves the following components: (1) vegetation removal, (2) dewatering 
and fish relocation, (3) demolishing of the existing Highway 1 Bridge and construction of the 
new bridge, (4) channel widening and grading, and (5) re-vegetation of the construction site.   
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1.  Vegetation Removal 
 
Grading activities associated with the construction of a channel access ramp on the southwest 
side of the bridge, staging areas, new bridge construction, and a temporary road detour will result 
in the removal of some riparian vegetation (predominantly willows) along the outer edges of the 
floodplain and immediately adjacent to the existing Highway 1 alignment.  A majority of the 
grading and staging will take place in areas supporting ruderal grassland and non-native 
communities including eucalyptus forest and understory or that support no vegetation at all (e.g., 
pavement or gravel road shoulders).   
 
On the banks and in the channel, vegetation will be removed or trimmed prior to channel 
dewatering and fish relocation.  To avoid impacts to nesting birds protected by the Migratory 
Bird Treaty Act, a portion of the riparian vegetation and some of the emergent vegetation will be 
trimmed or removed in the construction zone to reduce the availability of nesting habitat prior to 
the nesting season.  This vegetation work would occur as early as September 2013, and 
biological monitors would be on site at all times.  Much of the vegetation will be trimmed to a 
height of four inches above the water/ground surface.  All riparian and emergent vegetation 
would be removed or trimmed by hand as described in the October 18, 2011, issued USFWS BO 
(USFWS 2011).  Caltrans anticipates up to 0.80 acres of riparian forest, 0.36 acres of emergent 
wetland, 0.23 acres of aquatic habitat, and 0.13 acres of beach dune habitat will be temporarily 
impacted.  In addition, a total of 0.07 acres of riparian and 0.01 acres of emergent wetland will 
be permanently impacted.  However, the widening of the creek channel (described below) will 
result in a net increase of 0.34 acres of creek channel or floodplain habitats, some of which will 
be converted into riparian or emergent wetlands.   
 
2.  Dewatering and Fish Relocation 
 
Stream flow will be present within the action area during the start of the in-channel work and, 
therefore, a stream flow diversion will be necessary to conduct the creek channel widening and 
bridge construction activities.  Prior to construction of the diversion, block nets will be placed at 
the upstream and downstream ends of the area to be dewatered.  Once the nets are in place, a 
NMFS-approved fisheries biologist will capture and relocate fish from this section of the creek 
until they are confident few or no fish remain.  Fish will be captured using backpack 
electrofishing and/or seining and relocated to the nearest suitable habitat upstream of the 
construction area.  Caltrans anticipates approximately 875 linear feet of San Pedro Creek will be 
dewatered between June 15 to October 15, only during the first year of construction.  If 
necessary, pumps with 0.2 inch mesh screens will be used to remove standing water from the 
dewatered section of the creek to water storage containers or a temporary detention or filtration 
basin away from the stream channel to prevent direct discharge of this water to the creek.  Fish 
capture and relocation efforts will continue as needed during pumping activities to ensure no 
salmonids are left behind in the drying channel. 
 
The diversion will consist of temporary cofferdams constructed of sandbags filled with clean, 
washed gravel, and the dam will be lined with heavy plastic sheeting.  The upstream cofferdam 
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will be used to impound and divert water into a diversion pipe that will maintain pre-construction 
stream flow volumes downstream of the project site via gravity.  If gravity is not sufficient to 
maintain flow through the pipe, a pump screened with 0.2 inch mesh will be used to assist with 
the diversion.  The downstream cofferdam located on the upstream end of the beach will prevent 
back-flooding of the construction area.  Not all of the estuary will be dewatered.  An emergent 
backwater sump within the northeastern half of the recently enhanced estuary area (SPCFCP 
Phase 2) will not be dewatered.  In order to protect this aquatic habitat and sensitive species 
within backwater area, some of the diverted stream flow will be piped into the backwater sump.  
The remainder of the diversion will then empty onto the beach and into the ocean at 
approximately the same location it does now. 
 
3.  Channel Access and Staging 
 
Caltrans will construct an access ramp down to the creek channel on the southwest bank of the 
creek between the existing Highway 1 and San Pedro Avenue bridges.  The ramp will be cut 
from the existing roadway grade down to the creek bed elevation.  To accommodate the 
construction equipment, the ramp will be approximately 50 feet long and 20 feet wide and will 
consist of compact aggregate.  The ramp will be backfilled at the end of the project and the area 
will be re-vegetated.  Staging and storage yard areas, including worker parking areas will be 
needed during project construction.  These areas will be located on the Highway 1 roadbed in 
areas not in use while the detour is in place (described below) and at the upland areas between 
Highway 1 and San Pedro Avenue. 
 
4.  Channel Widening and Bank Revetment  
 
As described above in the Consultation History section, the channel widening component of the 
project proposed by Caltrans completes Phase 1 of the Corps’ original SPCFCP.  The widening 
will include realigning the low flow channel beneath the wider bridge, widening the floodplain, 
and grading the creek channel.  This work will extend from 175 feet upstream of the Highway 1 
Bridge to the beach 700 feet downstream of the Highway 1 Bridge; however, in some areas, the 
creek will not be widened and grading will be restricted to only the low flow channel.  The creek 
widening activities will result in the removal of approximately 6,500 cubic yards of bank and bed 
materials to enlarge the creek’s cross-section.  A total area of approximately 1.79 acres will be 
impacted during the creek widening; of this, approximately 1.45 acres is within the existing bed, 
bank and channel of the creek, including the beach portion, and 0.34 acres is upland or 
developed area that will be converted to stream channel.  Grading will be done with heavy 
equipment such as bulldozers, excavators, and backhoes.  It is anticipated that most of the soil 
removed from the creek banks and bed will not meet the requirements for re-use as fill and, 
therefore, will be removed from the site and lawfully disposed of.   
 
At the upstream end, the channel and banks will be transitioned to conform to the existing creek 
and direct the stream flows under the new bridge.  The cross-section of the creek from the 
upstream side of the Highway 1 Bridge to the upstream side of the San Pedro Avenue Bridge 
will be graded lower (approximately three to four feet) and widened.  An area downstream of the 
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San Pedro Avenue Bridge will be excavated to lower the current elevation by three feet and the 
low flow channel will be excavated out to the ocean. The wetland area that currently exists 
downstream of the San Pedro Avenue Bridge has a fairly even bottom elevation of 10 feet. The 
project will remove the soil in part of this wetland to lower the elevation to seven feet adjacent to 
the low flow channel, and will excavate the low flow channel to an elevation of five feet.  As a 
result, the wetland will contain a variety of depths (5-foot elevation, 7-foot elevation, and 10-foot 
elevation) rather than the generally uniform elevation that currently exists. Portions of the creek 
bottom will contain areas that are 3 and 5 feet deeper than the current conditions. These deeper 
pockets will provide deep water cover.  
 
The creek channel morphology at the Highway 1 and San Pedro Avenue bridges requires that the 
banks through this reach be armored to protect the integrity of the bridge footings.  Caltrans 
proposes to armor portions of each bank with articulated concrete revetment mats, which have 
open cells that will allow for planting of vegetation within the wall.  In total, the concrete 
revetment mats will cover approximately 550 feet of creek bank. This will include portions of 
bank upstream and downstream of both bridges, with most occurring beneath and between the 
two bridges. 
 
The action area may require future maintenance, specifically the removal of accumulated 
sediments from the creek bed.  NMFS was not provided with information on the frequency of 
maintenance activities, nor the magnitude (e.g., quantity of sediment to be removed) and, 
therefore, these activities are not covered under this biological opinion.  All future maintenance 
activities will be the responsibility of the Corps and will either require a new consultation with 
NMFS or a reinitiation of the Corps’ 1999 SPCFCP consultation.  
 
5.  Bridge Demolition and Construction 
 
Prior to beginning demolition of the existing bridge, traffic will be re-routed onto the adjacent 
San Pedro Avenue.  This route will be used until the new bridge is completed.  The existing 
Highway 1 Bridge will be demolished into the dry creek channel and hauled out with heavy 
equipment.  The existing bridge is supported by a total of 28 piles (6 piles for each of 3 bents in 
the creek bed and 5 for each of 2 abutments).  The existing piers located in the creek channel and 
the south abutment will be cut to a depth of three feet below the finished grade of the creek 
channel and removed.  Piles supporting the existing north abutment will be cut to a depth of six 
inches below the proposed north abutment bottom of footing elevation.   
 
Caltrans proposes to construct the new bridge at approximately the same alignment as the 
existing bridge.  The new bridge will consist of a 2-lane, 140-foot-long by 59.5-foot-wide 
structure with a separated pedestrian sidewalk; very similar to the recently constructed San Pedro 
Avenue Bridge.  The new bridge will be approximately five feet taller than the current bridge 
and will consist of a pre-cast, two-span deck structure that will rest on two abutments and one 
center pier.  The abutments will be constructed roughly 138 feet apart and the center pier will be 
constructed at the existing top of bank (south side).  The northern abutment will be 
approximately 15 feet from the edge of water (during normal, non-storm flow conditions), and 
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the southern abutment will be at least 80 feet from the existing edge of water (during normal, 
non-storm flow conditions).  The center pier will be installed at the approximate location of the 
existing southern abutment.  The pier will not be centered in the low flow channel, but will sit 
within the newly created floodplain terrace (i.e., post channel widening).   
 
The approaches to the new bridge will require grading and fill (approximately 1.24 acres) in 
order to elevate the road to match the higher bridge elevation.  Approximately 5,300 cubic yards 
of fill material (imported to the site) will be used to elevate the road bed approximately 4.5 to 5 
feet on each of the bridge approaches.  Once the approaches and abutments are constructed and 
the center pier is installed, the pre-cast bridge deck sections will be lifted and set into place using 
a crane.  The construction of the new bridge deck is likely to occur in year 2 of the project and no 
construction activity will occur in the re-wetted channel.   
 
Both abutments will require seven, 30-inch diameter Cast-In-Steel-Shell (CISS) piles and the 
center pier will require five, 48-inch diameter CISS piles (19 total piles).  The piles are expected 
to be installed to depths between 80 to 100 feet depending upon final design criteria.  A vibratory 
hammer will be used to install the piles through the upper, soft sediment layers (approximately 
20 feet based on recent borings on each side of the existing bridge) and then either a Delmag 62 
or Delmag 100 impact hammer will be used to seat piles through the harder layers at depth.  The 
vibratory hammer will be used for approximately 5 to 10 minutes per pile then the impact 
hammer would be used for approximately 40 minutes to drive the piles in place.  Caltrans 
estimates that up to three piles could be driven per day, allowing time for set up, etc.  This would 
result in a cumulative amount of 4,800 blows per day in three separate 40 minute sessions.  In 
total, it will take seven days to drive the 19 piles.  The seven days may not be continuous, and 
may be spread out over two weeks before the total installation is completed.       
 
6.  Best Management Practices and Re-vegetation 
 
Caltrans will employ various best management practices (BMPs) and other measures to avoid 
and minimize impacts to water quality, reduce erosion, and to protect species and their habitats 
within San Pedro Creek.  Construction equipment parking and material stockpiling will be 
limited to the identified staging areas to limit disturbance and protect vegetation and water 
resources.  Equipment refueling, fuel storage, equipment fluid leakage, and equipment 
maintenance will all take place in an upland location well away from the stream channel.  All 
construction-related materials will be removed once all construction activities are complete.  
Prior to construction, Environmentally Sensitive Areas (ESAs) will be established along the 
riparian corridor to the north and south of Highway 1 adjacent to the project footprint.  Such 
areas will be delineated using highly visible orange fencing and no construction equipment will 
be allowed to enter these areas at any time.  Caltrans has completed a draft conceptual 
revegetation plan to address the permanent and temporary loss of willow riparian, emergent 
wetland and upland habitats. All temporarily disturbed areas will be cleaned and replanted with 
appropriate native species.  Caltrans has drafted permanent erosion control measures, including 
hydroseeding and coir netting, which will be installed to minimize erosion post construction.  
Caltrans will draft and submit a Stormwater Pollution Prevention Plan (SWPPP). 
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The project is expected be completed over two years.  All of the work in the creek channel will 
occur in the first year so that the creek is only diverted during one season and steelhead are 
relocated only once.  Work within the creek will be limited to between June 15 and October 15 
to avoid adult and smolt steelhead migration.  For work outside the creek channel, the work 
season will be limited to between April 15 and October 15 unless extensions are otherwise 
agreed upon by all resource agencies.   
 
7.  Interrelated/Interdependent Activities 
 
Channel widening will expose a portion of the natural gas pipeline buried adjacent to the existing 
bridge’s southern abutment.  The replacement of the line would involve cutting and capping the 
conflicting segment and removing the pipe.  Once the creek channel widening and grading 
activities have been completed, PG&E anticipates they will bore down beneath the final grade of 
the completed creek channel (at least three feet beneath the final grade) to install a new pipe and 
reconnect the disconnected line.  This is likely to be done in the second year of construction. 
Boring would involve constructing sending and receiving pits on either side of the creek, but 
located outside of the riparian area. 
 
B.  Description of the Action Area 
 
The action area includes “all areas to be affected directly or indirectly by the Federal action and 
not merely the immediate area involved in the action” (50 CFR § 402.02).  For this consultation 
the action area includes the channel banks and bottom from approximately 175 feet upstream of 
the existing Highway 1 Bridge to approximately 700 feet downstream to the beach.  At this 
location, San Pedro Avenue runs parallel to Highway 1 and crosses San Pedro Creek 
approximately 70 feet downstream.  The project will include a traffic detour from Highway 1 
onto San Pedro Avenue while the Highway 1 Bridge is being replaced and, therefore, the action 
area includes sections of each roadway north and south of their creek crossings as well as the 
mostly ruderal areas between the two roadways and along their shoulders.      
 
III. ANALYTICAL FRAMEWORK 
 
A.  Jeopardy Analysis 
  
In accordance with policy and regulation, the jeopardy analysis in this biological opinion relies 
on four components: (1) the Status of the Species, which evaluates the range-wide conditions of 
the CCC steelhead DPS, the factors responsible for that condition, and the species’ likelihood of 
both survival and recovery; (2) the Environmental Baseline, which evaluates the condition of 
these listed species in the action area, the factors responsible for that condition, and the 
relationship of the action area to the likelihood of both survival and recovery of these listed 
species; (3) the Effects of the Action, which determines the direct and indirect effects of the 
proposed Federal action and the effects of any interrelated or interdependent activities on these 
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species in the action area; and (4) Cumulative Effects, which evaluates the effects of future, non-
Federal activities in the action area on these species.  
 
The jeopardy determination is made by adding the effects of the proposed Federal action and any 
Cumulative Effects to the Environmental Baseline and then determining if the resulting changes 
in species status in the action area are likely to cause an appreciable reduction in the likelihood 
of both the survival and recovery of these listed species in the wild.  
 
The jeopardy analysis in this biological opinion places an emphasis on the range-wide likelihood 
of both survival and recovery of these listed species and the role of the action area in the survival 
and recovery of these listed species.  The significance of the effects of the proposed Federal 
action is considered in this context, taken together with cumulative effects, for purposes of 
making the jeopardy determination.  We use a hierarchical approach that focuses first on whether 
or not the effects on steelhead in the action area will impact their respective populations.  If the 
populations will be impacted, we assess whether this impact is likely to affect the ability of the 
populations to support the survival and recovery of the DPS.    
 
B.  Adverse Modification Determination  
 
This biological opinion does not rely on the regulatory definition of "destruction or adverse 
modification" of critical habitat at 50 C.F.R. 402.02, which was invalidated by Gifford Pinchot 
Task Force v. USFWS, 378 F.3d 1059 (9th Cir. 2004), amended by 387 F.3d 968 (9th Cir. 2004). 
Instead, we have relied upon the statutory provisions of the ESA to complete the following 
analysis with respect to critical habitat. 
 
The adverse modification analysis in this biological opinion relies on four components: (1) the 
Status of Critical Habitat, which evaluates the range-wide condition of critical habitat for the 
CCC steelhead DPS in terms of primary constituent elements (PCEs), the factors responsible for 
that condition, and the intended conservation value of the critical habitat overall; (2) the 
Environmental Baseline, which evaluates the condition of critical habitat in the action area, the 
factors responsible for that condition, and the conservation value of the critical habitat in the 
action area; (3) the Effects of the Action, which determines the direct and indirect impacts of the 
proposed Federal action and the effects of any interrelated or interdependent activities on the 
PCEs in the action area and how that will influence the conservation value of affected critical 
habitat units; and (4) Cumulative Effects, which evaluates the effects of future, non-Federal 
activities in the action area on the PCEs and how that will influence the conservation value of 
affected critical habitat units.  
 
For purposes of the adverse modification determination, we add the effects of the proposed 
Federal action on CCC steelhead critical habitat in the action area, and any Cumulative Effects, 
to the Environmental Baseline and then determine if the resulting changes to the conservation 
value of critical habitat in the action area are likely to cause an appreciable reduction in the 
conservation value of critical habitat range-wide.  If the proposed action will negatively affect 
PCEs of critical habitat in the action area we then assess whether the conservation value of the 
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action area will be reduced.  If the action area is likely to have its critical habitat value reduced, 
we then assess whether or not this reduction will impact the value of the DPS’s critical habitat 
designation as a whole. 
 
C.  Use of Best Available Scientific and Commercial Information  
 
To conduct the assessment, NMFS examined an extensive amount of information from a variety 
of sources.  Detailed background information on the biology and status of the listed species and 
critical habitat has been published in a number of documents including peer reviewed scientific 
journals, primary reference materials, and governmental and non-governmental reports.  
Additional information regarding the effects of the project’s actions on the listed species in 
question, their anticipated response to these actions, and the environmental consequences of the 
actions as a whole was formulated from the aforementioned resources, the biological assessment 
for this project, and project meeting notes if applicable.  For information that has been taken 
directly from published, citable documents, those citations have been referenced in the text and 
listed at the end of this document. 
 
IV. STATUS OF THE SPECIES/CRITICAL HABITAT 
 
This biological opinion analyzes the effects of the proposed action on the steelhead DPS listed 
below:  
 

 CCC steelhead DPS, listed as threatened under the ESA (71 FR 834), January 5, 2006. 
 
The action area is within the designated critical habitat listed below:  

 
 CCC steelhead critical habitat (70 FR 52488), designated on September 2, 2005. 

 
A.  Species Description, Life History, and Status 
 
1. General Life History 

 
Steelhead are anadromous forms of O. mykiss, spending some time in both freshwater and 
saltwater.  Steelhead can be divided into two reproductive ecotypes, based upon their state of 
sexual maturity at the time of river entry (i.e., winter or summer runs) and the duration of their 
spawning migration.  Winter-run steelhead, the more common form of the two ecotypes, 
typically migrate upstream during high flow events between November and April.  In many 
streams, the timing of upstream migration begins only after stream flows are high enough to 
breach the sand bars at the stream mouths.  Summer-run steelhead migrate upstream from March 
through September.  In contrast to other species of Oncorhynchus, steelhead may spawn more 
than one season before dying (iteroparity); although one-time spawners represent the majority 
(Shapovalov and Taft 1954).  Steelhead young usually rear in freshwater for one to three years 
before migrating to the ocean as smolts in the spring.  Steelhead may remain in the ocean for one 
to five years (two to three years is most common) before returning to their natal streams to 
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spawn (Shapovalov and Taft 1954, Busby et al. 1996).  The distribution of steelhead in the ocean 
is not well known.  Coded wire tag recoveries indicate most steelhead tend to migrate north and 
south along the continental shelf (Barnhart 1986).   
 
Outmigration appears to be more closely associated with size than age and a decline in the 
hydrograph (Shapovalov and Taft 1954).  In Waddell Creek, Shapovalov and Taft (1954) found 
steelhead juveniles migrating downstream at all times of the year, with the largest numbers of 
young-of-year (YOY) and age 1+ steelhead moving downstream during spring and summer. 
For steelhead embryos, survival to emergence is inversely related to the proportion of fine 
sediment in the spawning gravels.  Steelhead are slightly more tolerant than other salmonids, 
with significant reductions in survival when particles less than 0.25 inches in diameter comprise 
20 to 25 percent of the substrate.  Fry typically emerge from the gravel two to three weeks after 
hatching (Barnhart 1986).  Upon emerging from the gravel, fry rear in edge-water habitats and 
move gradually to deeper and faster habitats as they grow (Chapman and Bjornn 1969, Everest 
and Chapman 1972, Smith and Li, 1983).  During this period, cover (i.e., overhanging and 
emergent vegetation, boulders, and woody material) is an important habitat component for 
juvenile steelhead, both as a velocity refuge and as a means of avoiding predation (Meehan and 
Bjornn 1991). 
 
As juveniles, steelhead tend to use riffles and other fast water habitats (i.e., runs and heads of 
pools) during summer where food, in the form of drifting invertebrates, is more abundant (Smith 
and Li 1983). Young steelhead feed on a wide variety of aquatic and terrestrial insects, and 
emerging fry are sometimes preyed upon by older juveniles.  In winter, juvenile steelhead 
become less active and hide in available cover, including gravel or woody debris, under cut 
banks, and dense streamside vegetation. Steelhead typically spend much of their juvenile 
lifestage in freshwater habitats, particularly inland populations.  However, for many coastal 
systems, the use of estuaries and seasonal lagoons by juvenile salmonids for rearing is much 
more extensive.  Studies have confirmed estuaries (including seasonal, bar-built lagoons) play an 
important role in the lifecycle of salmonids, particularly steelhead, because they are generally 
more productive than upstream riverine habitats, growth while rearing in the lagoon is often 
substantial and, therefore, size at ocean entry can affect ocean survival (Smith 1990, Bond 2006, 
Hayes et al. 2008, Hayes et al. 2011). 
 
In riverine habitats, adequate flow, temperature, and food availability are important factors for 
survival and growth. Water temperature can influence the metabolic rate, growth, distribution, 
abundance, and habitat use of rearing juvenile steelhead (Smith and Li 1983, Barnhart 1986, 
Myrick and Cech 2005, Casagrande 2010). Optimal temperatures for steelhead growth range 
between 10 and 20 degrees (°) Celsius (C) (Hokanson et al. 1977, Wurtsbaugh and Davis 1977, 
Myrick and Cech 2005). Variability in the diurnal water temperature range is also important for 
the survivability and growth of salmonids (Hokanson et al. 1977, Busby et al. 1996).  Stream 
water temperature is regulated by multiple factors including air temperature, stream channel 
dimension and orientation, the presence and abundance of riparian vegetation, and stream flow 
management (Poole and Berman 2001). 
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Suspended sediment concentrations can also influence the distribution and growth of steelhead 
(Bell 1973, Sigler et al. 1984, Newcombe and Jensen 1996).  Elevated suspended sediment 
concentrations results in a decrease in water clarity, or turbidity, which directly impairs visibility 
for drift feeding and, depending on the severity and duration, may result in emigration from the 
area (Sigler et al. 1984).  As the suspended sediment settles in the stream bed, it can clog the 
interstitial spaces between coarser substrate, which results in a decline in invertebrate production 
and a change in community composition (Waters 1995) and impair substrate suitability for 
spawning and egg survival (Newcombe and Jensen 1996).  Bell (1973) found suspended 
sediment loads of less than 25 milligrams per liter (mg/L) were typically suitable for rearing 
juvenile steelhead. 
 
2. Status of the CCC Steelhead DPS 
 
In this opinion, NMFS assesses four population viability parameters to help us understand the 
status of CCC steelhead and the population’s ability to survive and recover.  These population 
viability parameters are: abundance, population growth rate, spatial structure, and diversity 
(McElhany et al. 2000).  While there is insufficient information to evaluate these population 
viability parameters in a thorough quantitative sense, NMFS has used existing information to 
determine the general condition of each population and factors responsible for the current status 
of the DPS. 
 
We use these population viability parameters as surrogates for numbers, reproduction, and 
distribution, the criteria found within the regulatory definition of jeopardy (50 CFR 402.20).  For 
example, the first three parameters are used as surrogates for numbers, reproduction, and 
distribution.  We relate the fourth parameter, diversity, to all three regulatory criteria.  Numbers, 
reproduction, and distribution are all affected when genetic or life history variability is lost or 
constrained resulting in reduced population resilience to environmental variation at local or 
landscape-level scales. 
 
Historically, approximately 70 populations1 of steelhead existed in the CCC steelhead DPS 
(Spence et al. 2008, Spence et al. 2012).  Many of these populations (about 37) were 
independent, or potentially independent, meaning they had a high likelihood of surviving for 100 
years absent anthropogenic impacts (Bjorkstedt et al. 2005).  The remaining populations were 
dependent upon immigration from nearby CCC steelhead DPS populations to ensure their 
viability (McElhany et al. 2000; Bjorkstedt et al. 2005). 
 
While historical and present data on abundance are limited, CCC steelhead numbers are 
substantially reduced from historical levels.  A total of 94,000 adult steelhead were estimated to 
spawn in the rivers of this DPS in the mid-1960s, including 50,000 fish in the Russian River – 
the largest population within the DPS (Busby et al. 1996).  Near the end of the 20th Century, 

                                                 
1 Population as defined by Bjorkstedt et al. 2005 and McElhany et al. 2000 as, in brief summary, a group of fish of 
the same species that spawns in a particular locality at a particular season and does not interbreed substantially with 
fish from any other group.  Such fish groups may include more than one stream.  These authors use this definition as 
a starting point from which they define four types of populations (not all of which are mentioned here). 
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McEwan (2001) estimated the wild run population in the Russian River Watershed was between 
1,700-7,000 fish.  Abundance estimates for smaller coastal streams in the DPS indicate low but 
stable levels with recent estimates for several streams (Lagunitas, Waddell, Scott, San Vicente, 
Soquel, and Aptos creeks) of individual run sizes of 500 fish or less (62 FR 43937).  For more 
detailed information on trends in CCC steelhead abundance, see: Busby et al. 1996, NMFS 
1997a, Good et al. 2005, and Williams et al. 2011.  
 
Some loss of genetic diversity has been documented and attributed to previous among-basin 
transfers of stock and local hatchery production in interior populations in the Russian River 
(Bjorkstedt et al. 2005).  Reduced population sizes and fragmentation of habitat in San Francisco 
streams has likely also led to loss of genetic diversity in these populations.   
 
CCC steelhead have experienced a serious decline in abundance and long-term population trends 
suggest a negative growth rate.  This indicates the DPS may not be viable in the long term.  DPS 
populations that historically provided enough steelhead immigrants to support dependent 
populations may no longer be able to do so, placing dependent populations at increased risk of 
extirpation.  However, because CCC steelhead remain present in most streams throughout the 
DPS, roughly approximating the known historical range, CCC steelhead likely possess a 
resilience that could slow their decline relative to other salmonid DPSs in worse condition.  The 
2005 status review concluded that steelhead in the CCC steelhead DPS remain “likely to become 
endangered in the foreseeable future” (Good et al. 2005).  On January 5, 2006, NMFS issued a 
final determination that the CCC steelhead DPS is a threatened species, as previously listed (71 
FR 834). 
 
A more recent viability assessment of CCC steelhead concluded that populations in watersheds 
that drain to San Francisco Bay are highly unlikely to be viable, and that the limited information 
available did not indicate that any other CCC steelhead populations could be demonstrated to be 
viable (Spence et al. 2008).  Data from the 2008/09 through 2010/2011 adult CCC steelhead 
returns indicate a decline in returning adults across their range compared to other recent returns 
(e.g., 2006/2007, 2007/2008) (Jeffrey Jahn, NMFS, personal communication, August 2011).  The 
most recent status update concludes that steelhead in the CCC steelhead DPS remain “likely to 
become endangered in the foreseeable future” (Williams et al. 2011), as new and additional 
information available since the previous status review (Good et al. 2005) does not appear to 
suggest a change in extinction risk.  On December 7, 2011, NMFS chose to maintain the 
threatened status of the CCC steelhead (76 FR 76386).  
 
3.  Status of Critical Habitat 
 
In designating critical habitat, NMFS considers, among other things, the following requirements 
of the species: 1) space for individual and population growth, and for normal behavior; 2) food, 
water, air, light, minerals, or other nutritional or physiological requirements; 3) cover or shelter; 
4) sites for breeding, reproduction, or rearing offspring; and, generally, 5) habitats that are 
protected from disturbance or are representative of the historic geographical and ecological 
distributions of this species (50 CFR 424.12(b)).  In addition to these factors, NMFS also focuses 
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on PCEs and/or essential habitat features within the designated area that are essential to the 
conservation of the species and that may require special management considerations or 
protection.   
 
PCEs for CCC steelhead and their associated essential features within freshwater include:  
 
1. Freshwater spawning sites with water quantity and quality conditions and substrate 

supporting spawning, incubation and larval development;  
2. Freshwater rearing sites with:  

a. Water quantity and floodplain connectivity to form and maintain physical habitat 
conditions and support juvenile growth and mobility; 

b. Water quality and forage supporting juvenile development; and 
c. Natural cover such as shade, submerged and overhanging large wood, log jams and 

beaver dams, aquatic vegetation, large rocks and boulders, side channels, and 
undercut banks. 

3.         Freshwater migration corridors free of obstruction and excessive predation with water   
 quantity and quality conditions and natural cover such as submerged and overhanging 
 large wood, aquatic vegetation, large rocks and boulders, side channels, and undercut 
 banks supporting juvenile and adult mobility and survival.   
 
The condition of CCC steelhead critical habitat, specifically its ability to provide for their 
conservation, has been degraded from conditions known to support viable salmonid populations.  
NMFS has determined present depressed population conditions are, in part, the result of the 
following human-induced factors affecting critical habitat2:  logging, agricultural and mining 
activities, urbanization, stream channelization, dams, wetland loss, and water withdrawals, 
including unscreened diversions for irrigation.  Impacts of concern include alteration of stream 
bank and channel morphology, alteration of water temperatures, loss of spawning and rearing 
habitat, fragmentation of habitat, loss of downstream recruitment of spawning gravels and large 
woody debris, degradation of water quality, removal of riparian vegetation resulting in increased 
stream bank erosion, increases in sedimentation in streams from upland areas, loss of shade 
(higher water temperatures) and loss of nutrient inputs (Busby et al. 1996, Good et al. 2005, 70 
FR 52488).  Depletion and storage of natural river and stream flows have drastically altered 
natural hydrologic cycles in many of the streams in the DPS.  Alteration of flows results in 
migration delays, loss of suitable habitat due to dewatering and blockage; stranding of fish from 
rapid flow fluctuations; entrainment of juveniles into poorly screened or unscreened diversions, 
and increased water temperatures harmful to salmonids.  Overall, current condition of CCC 
steelhead critical habitat is degraded, and may not provide the conservation value necessary for 
the recovery of the species. 
 
 
B.  Factors Responsible for Steelhead Stock Declines 
                                                 
2  Other factors, such as over-fishing and artificial propagation have also contributed to the current population status 
of these species.  All these human induced factors have exacerbated the adverse effects of natural environmental 
variability including drought and poor ocean conditions. 
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NMFS cites many reasons (primarily anthropogenic) for the decline of CCC steelhead (Busby et 
al. 1996, Good et al. 2005, Williams et al. 2011).  The foremost reason for the decline in these 
anadromous populations is the degradation and/or destruction of freshwater and estuarine habitat, 
including critical habitat, caused by (as described briefly above) anthropogenic disturbances such 
as urban development, agriculture, logging, water resource development, and dams.  Additional 
factors contributing to the decline of all salmonid stocks (including CCC steelhead) are:  poor 
estuary/lagoon management (Smith 1990, Bond 2006, Hayes et al. 2008, Hayes et al. 2011), 
commercial and recreational harvest, artificial propagation (Waples 1991), natural stochastic 
events, marine mammal predation (NMFS 1997b, Wright et al. 2007), reduced marine-derived 
nutrient transport (Bilby et al. 1996, Bilby et al. 1998, Gresh et al. 2000, Moore et al. 2011), and 
most recently, poor ocean conditions (Lindley et al. 2009). 
 
C.  Global Climate Change 
 
Global climate change presents an additional potential threat to CCC steelhead and their critical 
habitat.  Modeling of climate change impacts in California suggests that average summer air 
temperatures are expected to increase (Lindley et al. 2007).  Heat waves are expected to occur 
more often, and heat wave temperatures are likely to be higher (Hayhoe et al. 2004).  Total 
precipitation in California may decline; critically dry years may increase (Lindley et al. 2007, 
Schneider 2007).  The Sierra Nevada snow pack may decrease by as much as 70 to 90 percent by 
the end of this century under the highest emission scenarios modeled (Luers et al. 2006).  
Wildfires are expected to increase in frequency and magnitude, by as much as 55 percent under 
the medium emissions scenarios modeled (Luers et al. 2006).  Vegetative cover may also 
change, with decreases in evergreen conifer forest and increases in grasslands and mixed 
evergreen forests.  The likely change in amount of rainfall in Northern and Central Coastal 
streams under various warming scenarios is less certain, although as noted above, total rainfall 
across the state is expected to decline.  For the California North Coast, some models show large 
increases (75 to 200 percent) in rainfall amounts while other models show decreases of 15 to 30 
percent (Hayhoe et al. 2004).  Many of these changes are likely to further degrade CCC 
steelhead habitat by, for example, reducing stream flows during the summer and raising summer 
water temperatures.  Estuaries may also experience changes detrimental to salmonids.  Estuarine 
productivity is likely to change based on changes in freshwater flows, nutrient cycling, and 
sediment amounts (Scavia et al. 2002).  In marine environments, ecosystems and habitats 
important to sub adult and adult salmonids are likely to experience changes in temperatures, 
circulation and chemistry, and food supplies (Feely et al. 2004, Brewer 2008, Osgood 2008, 
Turley 2008).  The projections described above are for the mid to late 21st Century.   In shorter 
time frames, climate conditions not caused by the human addition of carbon dioxide to the 
atmosphere are more likely to predominate (Cox and Stephenson 2007, Smith et al. 2007). 
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V.  ENVIRONMENTAL BASELINE 
 
The environmental baseline is an analysis of the effects of past and ongoing human and natural 
factors leading to the current status of the species, its habitat (including designated critical 
habitat), and ecosystem in the action area.  The environmental baseline includes the past and 
present impacts of all Federal, State, or private actions and other human activities in the action 
area, the anticipated impacts of all proposed Federal projects in the action area that have already 
undergone formal or early section 7 consultation, and the impacts of State or private actions 
which are contemporaneous with the consultation in process (50 CFR 402.02). 
 
The San Pedro Creek Watershed drains approximately 7.63 square miles of semi-mountainous 
chaparral and wooded lands (approximately 80 percent of the watershed) plus some areas of 
residential and commercial developments (remaining 20 percent) (Wilsey Ham 2007).  In the 
upper watershed, three creek forks converge to form San Pedro Creek: the North Fork San Pedro 
Creek (underground), Middle Fork, and South Fork; the latter two are located within San Pedro 
Valley County Park.  In the 1960s and 1970s, nearly the entire North Fork San Pedro Creek sub-
watershed was developed for suburban uses.  As a result, a majority of the North Fork San Pedro 
Creek flows in an underground box culvert, which discharges to the mainstem of San Pedro 
Creek just downstream of the San Pedro Valley County Park.  This has resulted in the 
elimination of all PCEs in North Fork San Pedro Creek for steelhead spawning and rearing.  
Farther downstream, San Pedro Creek is joined by another perennial tributary known as the 
Sanchez Fork (SPCWC 2002) which also supports limited PCEs of steelhead spawning and 
rearing habitat (HES 2002).  The extensive urbanization, and both historic grazing and 
agricultural activities throughout the watershed, have degraded the quality of substrate (and 
spawning PCEs) in San Pedro Creek, particularly the mainstem (Culp 2002, Davis et al. 2004).  
Increased peak flows due to the extent of impervious surfaces coupled the channelization of most 
of the mainstem has resulted in a more incised channel with a lack of floodplain access, and 
further exacerbated bank erosion in some locations (SPCWC 2002, Davis et al. 2004). 

The watershed, including the action area, has a Mediterranean climate, typical of the California’s 
central coast, with cool, wet winters and a long, mild dry season.  Fog along the coastal areas of 
the watershed is common during much of the year and average annual precipitation in the 
watershed is approximately 33 inches per year (Culp 2002).  The watershed supports spawning 
and rearing habitat for CCC steelhead.      

The action area is located along Highway 1 in the City of Pacifica in northern San Mateo 
County.  This section of San Pedro Creek is surrounded by commercial and suburban residential 
developments, Pacifica State Beach, and public parking lots for the beach and commercial 
establishments.  San Pedro Creek at this location is a low gradient stream with perennial flow.  
The creek transitions from a riverine dominated riparian habitat upstream of the bridge, to an 
estuarine wetland complex downstream of the bridge.  Upstream, the creek flows through a 
recently enhanced and widened riparian corridor consisting of dense willows, alders, and other 
riparian species.  Downstream in the estuarine reach, the creek joins a recently created wetland 
which is dominated by a seasonal dense growth of sedges, cattails and other emergent species.  
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Directly beneath the existing bridge, the creek channel supports little or no vegetation and the 
channel substrate consists of fine gravels and sand.  In summer, the stream channel beneath the 
bridge is narrow and shallow (typically less than 6 inches deep with a maximum depth of less 
than 30 inches, depending on flow).  Except for during storm periods, stream flow in San Pedro 
Creek is typically very clear (i.e., low turbidity), relatively cool, and perennial to the ocean. 
 
A. Status of Critical Habitat within the Action Area 
 
A section of San Pedro Creek immediately upstream of the Highway 1 Bridge was recently 
enhanced as part of Phase 1 of the SPCFCP, which included returning a channelized section of 
the creek into a 9-acre forested wetland with constructed meanders (NMFS 1999a).  The 
downstream-most portion of this 9-acre parcel is included within the project action area.  This 
area is known to support suitable PCEs of migratory and rearing habitat for CCC steelhead (HES 
2002, Johnson 2005).  Also part of Phase 1 of the SPCFCP was the construction of an estuarine 
wetland complex immediately downstream of Highway 1 Bridge.   This wetland complex is also 
included in the action area which extends downstream to the beach.  The emergent wetlands 
support rearing habitat for CCC steelhead juveniles and seasonal transition habitat (i.e., spring 
saltwater acclimation and feeding habitat) for smolts and serves as a migratory habitat for both 
adults and smolts.  Both habitats (riparian and estuary) are known to support juvenile steelhead 
year round (HES 2002, Johnson 2005, Joel Casagrande, NMFS personal observation, 2007-
2012). 
 
NMFS has determined that the PCEs for migration within the action area are good due to the 
lack of migration impediments; however, the overall PCEs for migration in the watershed are 
degraded due to multiple barriers upstream in the watershed (HES 2002, SPCWC 2002, Titus et 
al. 2010). Although habitat in much of the action area has been enhanced as part of the SPCFCP, 
PCEs for steelhead rearing in the action area remain degraded due to channelization (beneath the 
bridges), limited pool development (particularly beneath the bridge) and impacted water quality 
and substrate conditions (SPCWC 2002).   
 
B.  Status of CCC Steelhead in Watershed and the Action Area  
 
The San Pedro Creek Watershed continues to support a naturally reproducing steelhead 
population, which has been classified as a dependent population within the Santa Cruz 
Mountains Diversity Stratum (Bjorkstedt et al. 2005, Spence et al. 2008).  Titus et al. (2010) 
summarizes previous surveys conducted by the California Department of Fish and Wildlife 
(CDFW) and others in the San Pedro Creek Watershed.  Overall, records of the watershed’s adult 
population size and trends are limited, as are estimates of juvenile steelhead abundance.  A few 
estimates/anecdotes of adult abundance exist, but all are after significant adverse changes to the 
creek and estuary occurred.  In 1968, a local CDFW game warden estimated the adult steelhead 
run consisted of approximately 100 individuals (Wood 1968, as cited in Becker and Reining 
2008).  In 1976, the local CDFW warden estimated that 60 adult steelhead had been poached at 
the Adobe Road crossing, and in 1984-85, approximately 40 pairs were observed spawning in the 
Middle Fork San Pedro Creek located in San Pedro Creek County Park (Titus et al. 2010).  
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Though difficult to estimate, the adult steelhead spawning run may have averaged between 150 
and 300 fish in recent times (NMFS 1999a).   
 
Similarly, juvenile abundance estimates for the watershed (and action area) are also limited in 
space and time.  In late summer of 1973, CDFW conducted juvenile steelhead abundance 
estimates at seven reaches in the mainstem of San Pedro Creek.  Based on the results of this 
sampling, CDFW concluded that despite degraded habitat conditions, the creek continued to 
support relatively high densities of juvenile steelhead.  However, subsequent surveys in 1976 
(wet year) and 1979 (1977-78 very dry years) found lower densities throughout.  In September 
1988, CDFW conducted surveys of the lower most 880 meters of creek including the proposed 
action area (Titus et al. 2010).  CDFW found steelhead Age 0+ and 1+ (ages based on relative 
fish lengths) throughout this reach and concluded rearing habitat overall was good to excellent 
throughout despite two consecutive years of drought.  On August 17, 1995, staff from the 
USFWS observed “thousands” of juvenile steelhead in the lower reaches of the creek during a 
walk-through survey.   
 
Based on more recent observations, steelhead continue to utilize the lower reaches of San Pedro 
Creek as rearing habitat (HES 2002, Johnson 2005, Joel Casagrande, NMFS, personal 
observations 2007-2012).  During a basin-wide habitat survey during the summer of 2001, HES 
(2002) observed a relatively high abundance of young-of-year steelhead (4 inches or less in 
length) in the middle and lower reaches of the mainstem; older fish (4 inches or larger in length) 
were also observed, but in much lower abundance.  Johnson (2005) also observed juvenile 
steelhead within 200 feet upstream of the proposed action area during summer snorkel surveys 
but at lower abundances than those reported by HES (2002).  Johnson (2005) estimated Age 0+ 
steelhead abundance in the entire mainstem to be just over one fish per 10 meters of stream, Age 
1+ steelhead to be slightly less than one fish per 10 meters of stream, and Age 2+ steelhead at 
approximately 0.5 fish per 10 meters of stream.  Furthermore, juvenile steelhead have been 
observed beneath the adjacent San Pedro Avenue Bridge (downstream of Highway 1) on 
multiple occasions between 2007 and 2012 (Joel Casagrande, NMFS, personal observation 2007-
2012).  On April 19, 2008, at least 16 adult steelhead and several steelhead smolts were observed 
in the lagoon approximately 350 feet downstream of the Highway 1 Bridge (Joel Casagrande, 
NMFS, personal observation). 
 
Steelhead use of the action area is primarily as migratory habitat for adults and smolts, but some 
rearing habitat does exist, including the enhanced forested riparian area upstream of the Highway 
1 Bridge (i.e., Phase 1 of the SPCFCP), and downstream in the enhanced estuarine wetland 
complex (i.e., Phase 2 of the SPCFCP).  As described above, habitat conditions immediately 
beneath the Highway 1 Bridge are limited by a lack of water depth during summer and a lack of 
cover.  HES (2002) and Johnson (2005) concluded summer juvenile steelhead abundance 
increased with distance upstream.  These surveys were based on limited bank (HES 2002) or 
snorkel (Johnson 2005) surveys and, therefore, total abundance of steelhead in obscured or 
complex habitats (i.e., complex pools with overhanging vegetation, shallow riffles, etc.) was not 
determined.  Also, these surveys preceded the construction of the newly created estuarine 
wetland complex downstream of the bridge. Since 2005, the quality of habitat in the upstream 
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enhanced riparian section has undoubtedly improved, and steelhead abundance throughout the 
action area was likely underestimated during these visual surveys.  Therefore, NMFS considers 
the recently reported abundance estimates, particularly Johnson (2005), as a likely minimum.  
Based on these recent abundance estimates, periodic observations of fish presence in more recent 
years, and because a majority of the estuary is now included in the action area, NMFS expects 
the number of juvenile and/or smolt steelhead that may be present in the action area could be up 
to approximately 250 individuals.  
 
Although its steelhead population is likely reduced compared to historical conditions (described 
below and in section C. Factors Affecting Species Environment within San Pedro Creek and the 
Action Area), the San Pedro Creek Watershed’s population remains more robust than other 
nearby watersheds.  The abundance of juvenile steelhead appears to have held fairly steady 
during the last several decades despite continued anthropogenic impacts.  The largest impacts to 
this watershed occurred prior to the 1970s and since then several habitat enhancement projects 
throughout the watershed including multiple fish passage, estuary, and riparian enhancements 
have been implemented.  Conserving San Pedro Creek’s steelhead population will likely be 
important in recovering the populations within the Santa Cruz Diversity Stratum. 
 
C.  Factors Affecting Species Environment within San Pedro Creek and the Action Area 
 
Factors currently affecting steelhead in San Pedro Creek and the action area include both recent 
and historic disturbances to the watershed.  San Pedro Creek Watershed remained in a relatively 
pristine condition with a large coastal dune freshwater lagoon (Lake Mathilda) near its mouth 
until about the mid-19th Century.  At that time, agricultural development began which became 
fairly extensive by the early 20th century.  During this period, reclamation of the wetlands and 
open waters of Lake Mathilda and channelization of the lower mainstem of San Pedro Creek had 
begun (Culp 2002).  Agriculture, intensive grazing and other site disturbances since that time 
initiated a process of channel and bank erosion that persists today.  By 1915, the creek was 
mostly channelized to the southern portion of its floodplain and Lake Mathilda had largely been 
drained (Culp 2002).  During the last half-century, decades of intensive agriculture on the valley 
floor were followed by extensive urban developments in the lower portions of the watershed.  
During this period, additional channelization of San Pedro Creek occurred.  Despite efforts to 
channelize and dredge the creek over many decades, extensive flooding still occurred in the 
creek on several occasions, most recently in 1986 which resulted in several million dollars in 
damages (City of Pacifica and United States Army Corps of Engineers 1998).    
 
Planting of out-of-basin steelhead/rainbow trout has also occurred in the watershed.  Records as 
early as 1912 indicate stocking of steelhead (Smith 1912, as cited in Becker and Reining 2008) 
and in 1985, 800 Dry Creek (Sonoma County) steelhead were stocked into San Pedro Creek 
(Titus et al. 2010).  The introduction of out-of-basin stock could have compromised the genetic 
integrity of the population, however, there is no indication that the population abundance has 
suffered due to these introductions. 
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HES (2002), SPCWC (2002), and Titus et al. (2010) describe several other factors currently 
affecting CCC steelhead populations in the San Pedro Creek Watershed.  These include multiple 
migration impediments (e.g., elevated culverts) throughout the watershed (some of which have 
since been improved), ongoing effects from urbanization of the lower watershed (particularly the 
loss of the North Fork sub-watershed), periodic pollution events, bank armoring, existence of 
non-native vegetation communities in the riparian zones (i.e., eucalyptus), and presumably 
poaching.  
 
D.  Previous Section 7 Consultations and Section 10 permits in the Action Area 
 
NMFS has conducted two previous section 7 consultations within the action area.  The first was 
a formal consultation with the Corps for their SPCFCP in 1999.  NMFS determined in its 
biological and conference opinion the project would not jeopardize the continued existence of 
the CCC steelhead DPS and would not result in the destruction or adverse modification to its 
designated critical habitat (NMFS 1999a).  As described above in this BO, the SPCFCP project 
included two phases that resulted in the enhancement of the creek channel and floodplain 
habitats upstream of the Highway 1 Bridge and the enhancement of the downstream estuary area.  
NMFS expects the long-term impacts from these projects to be beneficial to steelhead and the 
PCEs associated with its designated critical habitat in the San Pedro Creek Watershed. 
 
In 2000, NMFS completed an informal consultation with FHWA and Caltrans for the 
replacement of the Highway 1 Bridge over San Pedro Creek and determined based on the 
information proposed that the project was not likely to adversely affect CCC steelhead (NMFS 
2000a).  However, this project was never implemented and is now the subject of this formal 
consultation.   
 
Section 10(a)(1)(A) research and enhancement permits and research under exemptions granted in 
section 4(d) of the ESA could potentially occur in the San Pedro Creek Watershed in the future.  
Based on NOAA’s Authorizations and Permits for Protected Species (APPS) website3, there are 
currently four active section 10(a)(1)(A) research and enhancement permits issued that authorize 
research on CCC steelhead in the San Pedro Creek Watershed.  There were no authorized 
research projects under the 4(d) research program for 2011, nor have there been any 
implemented or proposed in recent years.  As of January 2013, no direct take of CCC steelhead 
has occurred in the San Pedro Creek Watershed related to research permits.  CDFW conducted 
some spawner surveys in the watershed in winter 2011/2012, however, these were purely 
observational surveys.  Currently there is no proposed sampling that would result in take (i.e., 
capture, handle and release of individuals) of steelhead in the San Pedro Creek watershed.   
 
 
 
 
 

                                                 
3 https://apps.nmfs.noaa.gov/search/search.cfm 
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VI.  EFFECTS OF THE PROPOSED ACTION 
 
The purpose of this section is to identify the direct and indirect effects of the proposed action, 
and any interrelated or interdependent activities, on threatened CCC steelhead.  Our approach 
was based on knowledge and review of the ecological literature and other relevant materials.  We 
used this information to gauge the likely effects of the proposed project via an exposure and 
response framework that focuses on what stressors (physical, chemical, or biotic), directly or 
indirectly caused by the proposed action, salmonids are likely to be exposed to.  Next, we 
evaluate the likely response of salmonids to these stressors in terms of changes to salmonid 
survival, growth, and reproduction, and changes to the ability of PCEs to support the value of 
critical habitat in the action area.  PCEs include sites essential to support one or more life stages 
of the species.  These sites for migration, spawning, and rearing in turn contain physical and 
biological features that are essential to the conservation of the species.  Where data to 
quantitatively determine the effects of the proposed action on CCC steelhead and their critical 
habitat were limited or not available our assessment of effects focused mostly on qualitative 
identification of likely stressors and responses.   
 
A.  Fish Exclusion and Relocation Activities 
 
Caltrans will capture, relocate, and exclude fish from the project action area (approximately 175 
feet upstream and 700 feet downstream of the bridge, 875 feet total) between June 15 and 
October 15.  Block nets will be used to screen the diversion pipe in order to exclude steelhead 
and other aquatic species from entering the pipe during construction.   
 
Based on the recent steelhead abundance surveys described above in the Environmental Baseline 
(HES 2002 and Johnson 2005) and the limited amount of suitable habitat in the action area, 
NMFS assumes juvenile steelhead density and overall abundance will be relatively low in the 
area where fish will be captured and relocated (875 feet, or 267 meters of stream) during the 
proposed construction period (June 15-October 15).  Steelhead, approximately 250 individuals, 
in the dewatered area will be captured by backpack electrofishing, seine and or dip net, and then 
transported and released to a suitable habitat location outside of the construction area.  All 
juvenile fish will be released upstream of the construction area.  NMFS considers the number of 
smolts likely to be encountered as low, if any, because the project will begin after June 15, which 
is near the end of the smolt out-migration period.  If a small number of smolts are captured,4 they 
will be released immediately downstream of the lower cofferdam where they will be allowed to 
volitionally continue their downstream migration to the ocean.   
 
Caltrans proposes to use a backpack electrofisher or seines to capture and relocate steelhead.  
Fish capture and relocation activities pose a risk of injury or mortality to fish species.  Fish 
collecting gear, whether passive (Hubert 1996) or active (Hayes et al. 1996) has some associated 
risk to fish, including stress, disease transmission, injury, or death.  The amount of unintentional 
                                                 
4 Physical steelhead smolt characteristics include a lack, or near lack, of parr marks, silver in color, with deciduous 
scales and notable black tips to their caudal fin.  Steelhead smolt lengths can vary from 120 mm to 250 mm fork 
length. 
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injury and mortality attributable to fish capture varies widely depending on the method used, the 
ambient conditions, and the expertise and experience of the field crew.  Since fish relocation 
activities will be conducted by qualified fisheries biologists following both the CDFW and 
NMFS guidelines, direct effects to and mortality of steelhead during capture will be minimized.  
Data on fish relocation efforts since 2004 shows most mortality rates are below three percent for 
steelhead (Collins 2004; CDFG 2005, 2006, 2007, 2008, 2009, 2010).  Based on this 
information, NMFS will use two percent as the maximum amount of mortality likely from fish 
capture and relocation for the project; or no more than five juvenile steelhead will be killed. 
 
Although sites selected for relocating fish should have ample space, in some instances relocated 
fish may endure short-term stress from crowding at the relocation sites.  Relocated fish may also 
have to compete with other fish causing increased competition for available resources such as 
food and habitat (Keeley 2003).  Stress from crowding, including increased competition for food 
among juvenile steelhead in the relocation areas will be minimal and temporary, because when 
the project is finished steelhead will be able to redistribute in the creek unimpeded.  Ideally sites 
selected for relocating fish should have ample habitat.  As described above in the Environmental 
Baseline, habitat in San Pedro Creek upstream of the project action area provides suitable rearing 
habitat for juvenile steelhead.  NMFS cannot estimate the number of fish affected by 
competition, but does not expect this impact will be large enough to affect the survival chances 
of individual fish.  For example, the use of multiple release sites will help facilitate fish 
dispersion, limiting competition.  Once the project is complete and the diversion facilities are 
removed, juvenile steelhead rearing space will return to the dewatered area, which will include a 
net increase in usable area and improved habitat conditions (greater depths).  Despite potential 
temporary impacts related to crowding, fish relocation operations, if necessary, are expected to 
significantly minimize project impacts to juvenile steelhead by removing them from areas where 
they would have experienced high rates of injury and mortality. 
 
B.  Dewatering 
 
Within this reach, direct effects from dewatering will likely occur primarily to juvenile steelhead.  
It is presumed most steelhead smolts will have already emigrated through the action area by June 
15.  Fish capture and relocation will occur prior to (and after) the construction of the cofferdams.  
This will remove most, if not all, fish from the areas where the cofferdams will be constructed.  
Juvenile salmonids that avoid capture prior to the implementation of site dewatering will die if 
not captured while the dewatering is underway.  Caltrans or its contractors will continue fish 
capture and relocation during the dewatering process.  Because of the length of creek channel 
that will be dewatered and the dense vegetation growth (i.e., complexity of habitat), NMFS 
expects the number of juvenile steelhead that will be killed as a result of stranding during 
dewatering activities will also be two percent or less of the fish within the action area prior to 
dewatering, or no more than five steelhead.  During the dewatering process, the biologist on site 
will make every effort to collect and relocate fish that avoided capture prior to the beginning of 
the dewatering process.   
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Another manner by which juvenile steelhead may be harmed or killed during dewatering 
activities is to be entrained into the pumps or discharge line.  To eliminate this risk, the applicant 
will screen all pumps according to NMFS criteria (0.2 inches), which will ensure juvenile 
steelhead will not be harmed by the pumps during dewatering events.   
 
Juvenile steelhead rearing downstream of the action area may be inadvertently affected by the 
loss of benthic (i.e., bottom dwelling) aquatic macroinvertebrate production within the dewatered 
area (Cushman 1985).  However, effects to aquatic macroinvertebrates resulting from dewatering 
will be temporary because construction activities will be relatively short-lived, drift from 
upstream will continue through the pipe, and rapid re-colonization (about two to three months) of 
the disturbed areas by macroinvertebrates is expected following construction (Cushman 1985, 
Thomas 1985, Harvey 1986). 
 
C.  Turbidity 
 
High concentrations of suspended sediment can disrupt normal feeding behavior and efficiency 
(Cordone and Kelly 1961, Berg and Northcote 1985), reduce growth rates (Sigler et al. 1984, 
Sigler 1988, Swetka and Hartman 2001), and increase plasma cortisol levels (Servizi and 
Martens 1992).  High turbidity concentrations can reduce dissolved oxygen in the water column, 
result in reduced respiratory functions, reduce tolerance to diseases, and can also cause fish 
mortality (Sigler et al. 1984; Berg and Northcote 1985; Gregory and Northcote 1993; Waters 
1995).  Even small pulses of turbid water will cause salmonids to disperse from established 
territories (Waters 1995), which can displace fish into less suitable habitat and/or increase 
competition and predation, decreasing chances of survival. With regard to physical habitat 
condition, increased sediment deposition can fill pools and reduce the amount of cover available 
to fish, decreasing the survival of juveniles (Alexander and Hansen 1986).   
 
Activities proposed by Caltrans involving in-channel work that may result in turbidity increases 
include the construction and removal of dewatering facilities and the initial rewetting of the 
channel following channel widening and grading.  NMFS anticipates only short-term increases in 
turbidity will occur during and following these activities.   
 
Much of the research discussed above focused on turbidity levels higher than those expected to 
occur during implementation of the proposed activities.  NMFS anticipates the resulting elevated 
turbidity levels will be small and only occur for a short time, well below levels and durations 
shown in scientific studies as causing injury or harm to salmonids (see for example Newcombe 
and Jensen 1996).  As described in the Environmental Baseline, stream flow entering the action 
area is expected to be of high quality (i.e., very low turbidity) and, therefore, will quickly dilute 
and flush any suspended sediments out of the action area.  Impacts associated with turbidity will 
likely be limited to behavioral effects, such as briefly vacating preferred habitat or temporarily 
reduced feeding efficiency.  These temporary changes in behavior may impact growth rates, but 
are not likely to reduce the survival chances of individual juveniles.  Prior to any in-water 
construction activities, Caltrans will capture and relocate all steelhead that could potentially be 
impacted by increases in turbidity (i.e., down to the beach).  In addition, Caltrans has proposed 
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several BMPs to reduce or eliminate sediment erosion and transport into the creek.  NMFS 
assumes these practices, if implemented properly, will be effective at reducing erosion and 
turbidity in the creek.  Therefore, NMFS assumes any short-term impacts associated with 
turbidity during implementation of the project, primarily during vegetation clearing, and 
construction and removal of the upper cofferdam, are expected to be temporary and insignificant. 
 
D.  Toxic Chemicals 
 
Equipment refueling, fluid leakage, equipment maintenance, and road surfacing activities near 
the stream channel pose some risk of contamination of aquatic habitat and subsequent injury or 
death to listed salmonids.  The applicant and its contractors propose to maintain any and all fuel 
storage and refueling sites in an upland location well away from the stream channel; that vehicles 
and construction equipment be in good working condition, showing no signs of fuel or oil leaks; 
and that any and all servicing of equipment be conducted in an upland location.  No construction 
activities in a flowing stream are proposed and, therefore, NMFS does not anticipate any 
localized or appreciable water quality degradation from toxic chemicals or adverse effects to 
steelhead associated with the proposed project.  NMFS anticipates proposed BMPs and 
responses by the applicant and its contractors to any accidental spill of toxic materials will be 
sufficient to restrict the effects to the immediate area and not enter the waterway. 
 
E.  Pile Installation 
 
Available information indicates fish may be injured or killed when exposed to elevated 
underwater sound pressure waves generated from driving steel piles with impact hammers. 
Pathologies associated with very high sound levels are collectively known as barotraumas. These 
include hemorrhage and rupture of internal organs, including the swim bladder and kidneys in 
fish.  Death can be instantaneous, occur within minutes after exposure, or occur several days 
later.  High sound pressure levels can also result in hearing damage to fish (Hastings et al. 1995, 
1996).  Additional detrimental effects on fish from loud sounds include stress, increased risk of 
mortality by reducing predator avoidance capability, and interfering with communication 
necessary for navigation and reproduction.  Pile driving may result in “agitation” (behavioral 
effects) of salmonids indicated by a change in swimming behavior detected by Shin (1995).  
Salmonids may exhibit a startle response to the first few strikes of a pile. 
 
Caltrans proposes to permanently install 19 CISS piles using both vibratory and impact 
hammers.  The creek channel will be dewatered (175 upstream and 700 feet down to the beach) 
and, therefore, none of the piles will be installed in or near surface waters.  Caltrans estimates 
that up to 1,600 strikes will be required to install each pile and up to three piles will be installed 
per day.  Pile driving is estimated to take as little as 7 days over a potential two-week period.  
Pile driving will occur during daylight (7:00 to 20:00) in the dry season (June 15 to October 15).  
Sound energy originating from the ground as a result of pile driving activities will be dominated 
by low frequencies, which do not propagate efficiently through water, particularly shallow water 
in the creek at least 175 feet upstream.   
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Illingworth and Rodkin (2011) prepared a study to predict the underwater sound levels caused by 
pile driving for the San Pedro Creek Highway 1 Bridge replacement project.  Illingworth and 
Rodkin (2011) cite the “Agreement of Principle for Interim Criteria for Injury to Fish from Pile 
Driving Activities”, prepared by the Fisheries Hydroacoustic Workgroup (FHWG) (ICF and 
Illingwork and Rodkin, Inc. 2009).  ICF and Illingwork and Rodkin, Inc. (2009) notes that most 
fish of concern in California streams are greater than 2 grams and the 206 decibel (dB) peak 
sound level and 187 dB cumulative sound exposure level (SEL) are the principal standards of 
significance that should be applied.  Using the original project design (i.e., no dewatering), 
Illingworth and Rodkin (2011) concluded conservatively that the pile driving could exceed 
FHWG cumulative SEL thresholds out to a distance of approximately 165 feet to 230 feet for 
one and three piles driven in a day, respectively.  Peak sound levels for a single strike (206 dB) 
are not expected to be exceeded during pile installation.  These peak and cumulative SEL 
estimates were based on the observations made at a site in the Russian River where water was 6 
feet deep or greater (Illingworth and Rodkin 2011) but with a 10 dB reduction to account for the 
much shallower water through the action area.  The revised project design will include a 
dewatered channel which will extend from at least 175 feet upstream of the bridge to 
downstream to the beach.  The lack of water will further reduce sound transmission substantially 
(i.e., through land) and, therefore, impacts to steelhead located upstream of the project action 
area (also in shallow water) are expected to be negligible. 
 
Based on the above information, NMFS considers the possibility of adverse effects to listed CCC 
steelhead and their designated critical habitat during pile installation to be insignificant, because: 
(1) the creek channel will be dewatered; (2) all fish will be captured and relocated from the 
project action area and excluded from entering the diversion pipe, particularly during impact pile 
driving; and (3) pile installation will occur between June 15 and October 15, when steelhead 
adults have already left the action area and both suitable habitat availability and juvenile 
steelhead abundance are at a minimum. 
 
F. Habitat Impacts 
 
In order to pass the 100-year flood capacity beneath the new Highway 1 Bridge and the existing 
San Pedro Avenue Bridge, Caltrans will need to widen and grade (i.e., lower) the creek channel 
bottom in the action area.  This work, along with the construction of a temporary channel access 
ramp, will require the removal of riparian, emergent, and upland vegetation (described in the 
Project Description).  Some of the vegetation will be trimmed to a height of approximately four 
inches during the fall of the year preceding construction of the bridge to limit impacts to nesting 
birds.  The vegetation communities that will be impacted include willow riparian forest and 
emergent marsh consisting of cattail, tule, and other low-growing emergent species.  
 
Riparian zones serve important functions in stream ecosystems by providing shade, sediment 
storage, nutrient inputs, channel and stream bank stability, habitat diversity, and cover and 
shelter for fish (Murphy and Meehan 1991).  Small streams are especially sensitive to loss of 
riparian habitat and shade, which moderates stream temperatures by insulating the stream from 
solar radiation and reducing heat exchange with the surrounding air. 
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Potential impacts to steelhead and the PCEs of their critical habitat from vegetation clearing may 
include an increase in water temperatures by reducing shade over the creek, a localized reduction 
of allochthonous inputs, and a loss of cover over the creek channel.   
 
Caltrans has developed a Draft Conceptual Revegetation Plan to mitigate for permanent and 
temporary loss of willow riparian, emergent wetland, and upland habitats.  The willows will be 
re-established using willow poles and by not removing their root systems entirely whenever 
possible so that they can re-sprout, the emergent wetland will be replaced, and the upland habitat 
will be installed with a combination of hydroseeding and container planting.  Both willow and 
emergent wetland communities readily re-sprout from existing roots and from available seed 
banks and grow fairly rapidly.  After the stream flow diversion is removed and steelhead are 
allowed back into the dewatered area where vegetation was removed or trimmed, it will be fall 
when daylight hours are reduced and water temperatures are expected to be seasonally cooler.  
The two bridge decks will also continue to provide permanent shade to the channel.    
 
The temporary loss of shade would be restricted primarily to the willow riparian areas upstream 
of the bridge; the emergent wetland areas downstream of the bridge are mostly un-shaded and 
sunny.  Although the extent of impacts to vegetation along the creek will occur over 1.09 acres, 
fish will not be allowed to re-enter the action area until the end of summer or early fall when 
days are shorter and water temperatures are generally cooler.  By next summer, most of the 
emergent vegetation removed is likely to have regrown.  In addition, leaf drop during fall and 
winter throughout the entire upper watershed will deliver leaves and other forms of detritus to 
the re-wetted channel once stream flow is reconnected in October.   Furthermore, the action area 
is located in the downstream-most reach of the creek (i.e., to the beach) and, therefore, any 
impacts that may occur such as temporary increases in water temperature will not affect 
downstream fish or habitats.   For example, temporary turbidity or water temperature increases 
will not affect steelhead in San Francisco Bay near the beach because bay currents and tides will 
quickly disperse the small amount of turbidity and warmer water anticipated.    
 
Caltrans estimates that the project will result in a temporary loss of 1.39 acres of open water, 
emergent vegetation, riparian vegetation, and beach dunes.  During the channel widening portion 
of the project, Caltrans estimates approximately 6,500 cubic yards of creek bank and channel 
bottom materials will be removed to enlarge the creek cross section.  Overall, this will cover 
approximately 1.79 acres, of which 0.34 acres are currently upland habitat.  As a result of the 
channel widening, there will be a net permanent increase in the amount of creek channel and 
floodplain habitat from the conversion of 0.34 upland acres into creek channel and floodplain 
habitats.  In addition, the creek channel bottom will be graded deeper - final depths will depend 
on the location (described in the Project Description).  These deeper areas in the channel will 
increase the heterogeneity of the channel bottom and will provide better cover for all life stages 
of steelhead.   
 
In summary, the proposed project will temporarily impact PCEs associated with steelhead 
rearing habitat as well as PCEs for migration to and from spawning habitat in the upper 
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watershed as a result of vegetation clearing, channel dewatering, and the grading and widening 
of the creek channel.  Steelhead will be relocated and excluded from the action area prior to these 
impacts and the eventual quality of habitat is expected to be improved once the project is 
completed, and vegetation is restored.  Therefore, the temporary reduction in the quality of PCEs 
will not affect the PCE’s overall conservation value for steelhead. 
 
NMFS anticipates the temporary and permanent impacts associated with the proposed activities 
will not result in permanent adverse impacts to critical habitat or the CCC steelhead it supports 
because: (1) steelhead will be relocated out of the construction area; (2) the impacts to 1.43 acres 
of creek channel are temporary and there will be net gain in the overall amount of aquatic habitat 
available to steelhead for rearing and migration (0.34 acres of former upland habitat); (3) the 
quality of existing rearing and migration habitat is expected to improve with increased depths 
and wider floodplain access; (4) Caltrans will re-vegetate all impacted areas with the appropriate 
native species and where possible will leave the existing root systems in tact so that they may re-
sprout; and (5) Caltrans will employ various BMPs and minimization measures to ensure impacts 
to the channel and the species will be avoided or minimized. 
 
G.  Beneficial Effects 
 
As discussed above, the proposed replacement of the Highway 1 Bridge over San Pedro Creek 
will have some benefits to CCC steelhead, particularly the rearing and migration PCEs of their 
designated critical habitat.  The wider and taller bridge design coupled with the wider and deeper 
channel will provide greater flow conveyance beneath the two bridges which will improve 
migration success, enhanced habitat diversity and availability (+0.34 acres) for rearing, and will 
improve the ability for natural fluvial geomorphic processes to occur (i.e., sediment transport, 
habitat shaping, etc.).  In addition, the new bridge will have fewer in-stream piles which will 
reduce debris accumulation and will also contribute to the net increase in the amount of in-
stream habitat available to steelhead for rearing (currently occupied by excess piles). 
 
H.  Interrelated/Interdependent Effects 
 
PG&E will need to replace a segment of gas line beneath San Pedro Creek which will be 
exposed during channel widening.  The new gas line will be installed by boring under the new 
creek bed bottom by at least 3 feet which will also include the construction of sending and 
receiving pits.  Since these will be located outside of the riparian area and the pipeline will be 
bored beneath the dewatered channel, NMFS does not anticipate any impacts to steelhead or 
designated critical habitat from this interrelated/interdependent activity. 
 
VII.   CUMULATIVE EFFECTS 
 
Cumulative effects include the effects of future State, tribal, local or private actions that are 
reasonably certain to occur in the action area considered in this biological opinion.  Future 
Federal actions that are unrelated to the proposed action are not considered in this section 
because they require separate consultation pursuant to section 7 of the Act. 
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Caltrans and NMFS are not aware of any future State or private activities that are reasonably 
certain to affect species and habitats within the action area.  During the time frame of project 
construction, one year of in-stream work, natural environmental fluctuations are likely to obscure 
any impacts from climate change (Cox and Stephenson 2007, Smith et al. 2007).  Over longer 
time periods, climate change may result in increased frequencies of large storm events in 
northern California.  Widening the bridge and undersized channel beneath the bridges will 
provide potential benefits to steelhead and their designated critical habitat should large storms 
increase in frequency.  Sediment transport and other natural geomorphic processes will be less 
constrained and this may make steelhead habitat in the action area more resilient to climate 
change.   
 
VIII.   INTEGRATION AND SYNTHESIS 
 
The CCC steelhead DPS is listed as threatened.  Throughout the CCC steelhead DPS, stream and 
estuary habitats have been significantly impacted by multiple anthropogenic activities (i.e., 
logging, urban development, agriculture, dams, stream channelization, and poor lagoon 
management).  These have contributed to substantial declines in the abundance of CCC steelhead 
in many of these watersheds (Good et al. 2005, Spence et al. 2008, Williams et al. 2011).  The 
San Pedro Creek Watershed is no different.  Due to the extensive loss of historic habitat due to 
draining of San Pedro Creek’s estuary and surrounding wetlands (namely the historic Lake 
Mathilda), development of the North Fork sub-watershed and the ongoing impacts of 
channelization and migration impediments, steelhead abundance in the watershed is likely lower 
than historic levels.  However, despite these impairments to the watershed, spawning and rearing 
habitat remain in good to excellent condition in many areas of the watershed and ongoing 
restoration and removal of migration impediments continue to improve the quality and access to 
these habitats.  Recent surveys have found juvenile steelhead abundant throughout the San Pedro 
Creek Watershed.  Also, the estimated number of returning adults in recent decades is greater 
than populations observed in many larger, nearby watersheds within the DPS.   
  
After reviewing the information available, juvenile steelhead (and potentially smolts) are 
expected to occur in the project action area during project implementation. NMFS anticipates 
only a relatively small number of juvenile and/or smolt CCC steelhead (no more than 250 
individuals total) may be affected by the project (in 875 feet of creek), and no more than 10 
individuals will perish.  This is due to the seasonally lower abundance of steelhead and the 
relocation efforts prior to construction and the low injury and mortality rates expected from fish 
collection methods.  Recent studies on summer abundance of juvenile steelhead in the mainstem 
of San Pedro Creek have shown that steelhead abundance increases with distance upstream of 
Highway 1.  Based on the time of year that the project will be implemented and the recent 
juvenile steelhead abundance estimates in the vicinity of the project, NMFS believes the number 
of juvenile steelhead potentially affected by the proposed project would likely be minimal and 
would represent a small fraction of the total number of juveniles in the entire San Pedro Creek 
watershed and will represent a very small fraction of the CCC steelhead DPS abundance.  Also, 
since the project will occur in the lowest reach of the creek (i.e., down to the beach), no other 
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steelhead will be impacted by this project except for those captured and relocated prior to 
construction.  NMFS anticipates only a few, if any, steelhead smolts are likely to be encountered 
because the project will start near the end of the smolt out-migration period and, therefore, a 
majority or all of the smolts would have out-migrated to the Pacific Ocean.  It is unlikely the 
small potential loss of up to 10 juvenile or smolt steelhead as a result of the project will impact 
future adult returns, due to the relatively large number of juveniles produced by each spawning 
pair, because the project will begin on June 15 (near the end of smolt out-migration period) and 
most, if not all, of the out-migrating smolts would have already migrated past the project action 
area, and because this action area represents a small portion of the watershed.  Therefore, NMFS 
does not believe the project will appreciably diminish the abundance, productivity, diversity, or 
spatial structure of the San Pedro Creek population of CCC steelhead.   
 
NMFS anticipates short-term and minor increases in turbidity will occur during fish relocation 
activities, dewatering, and following the initial re-wetting of the dewatered channel.  Overall, 
these impacts are expected to be minor and temporary, and NMFS anticipates proposed BMPs 
will control any other sediment and pollutants sufficiently to avoid significant adverse effects to 
listed fish species.  No permanent adverse changes in stream flow are anticipated.  Therefore, 
NMFS believes the effects of brief turbidity increases and flow conditions from the project 
activities will not have any long-term impacts to the PCEs of CCC steelhead habitat.  The value 
of critical habitat in the action area for species conservation is not likely to be appreciably 
reduced by the activities proposed in this project.  Widening the bridge and the channel will have 
benefits to critical habitat by allowing greater natural channel function in the action area, more 
useable habitat for steelhead, and greater depths in the channel for cover. 
 
The largest temporary impact to the PCEs of designated critical habitat will result from the 
removal or trimming of 1.09 acres of vegetation including willow riparian (0.73) and emergent 
vegetation (0.36) along the creek channel.  As described briefly above in the Effects of the 
Proposed Action section, these impacts may include a loss of shade, increased water 
temperatures, a reduction in allochthonous inputs to the creek, and a reduction in cover over the 
creek channel.  These impacts are expected to be temporary, will affect a relatively small portion 
of the overall watershed, and will ultimately be enhanced following the completion of the 
project.  Steelhead will be relocated and excluded from the action area during construction and, 
therefore, direct impacts to steelhead will be avoided.       
  
Impacts associated with pile driving are expected to be insignificant because steelhead will be 
captured and relocated out of the area where hydro-acoustic impacts will occur and the channel 
will be dewatered for at least 175 feet from the nearest pile which will substantially reduce the 
sound transmission to levels below established thresholds for injury or mortality.  Even with 
water in the channel (previous project description), the thresholds for peak sound exposure 
would not have been exceeded.  Therefore, considering the relocation of fish and dewatered 
channel, NMFS does not expect there to be any impacts to steelhead associated with pile driving 
activities. 
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Finally, the replacement of the existing bridge with a wider and taller structure will result in 
some benefits to steelhead and their critical habitat.  The wider structure will allow for the 
widening of the channel beneath the bridge which will provide additional creek channel and 
floodplain habitat for fish to utilize.  The greater depths within the creek channel as a result of 
the grading will also improve cover for rearing steelhead and better resting locations for 
migrating steelhead during higher flows. 
 
IX.   CONCLUSION 
 
After reviewing the best available scientific and commercial information, the current status of the 
species and critical habitat, the environmental baseline for the action area, the effects of the 
proposed action and the cumulative effects, it is NMFS’ biological opinion the replacement of 
the Highway 1 Bridge over San Pedro Creek, is not likely to jeopardize the continued existence 
of threatened CCC steelhead. 
 
After reviewing the best available scientific and commercial information, the current status of the 
critical habitat, the environmental baseline for the action area, the effects of the proposed action 
and the cumulative effects, it is NMFS’ biological opinion the replacement of the Highway 1 
Bridge over San Pedro Creek, is not likely to destroy or adversely modify designated critical 
habitat for threatened CCC steelhead. 
 
X.  INCIDENTAL TAKE STATEMENT 
 
Section 9 of the ESA and Federal regulation pursuant to section 4(d) of the ESA prohibit the take 
of endangered and threatened species, respectively, without special exemption.  Take is defined 
as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt to 
engage in any such conduct.  Harm is further defined by NMFS as an act which actually kills or 
injures fish or wildlife.  Such an act may include significant habitat modification or degradation 
which actually kills or injures fish or wildlife by significantly impairing essential behavioral 
patterns, including breeding, spawning, rearing, migrating, feeding, or sheltering.  Incidental take 
is defined as take that is incidental to, and not the purpose of, the carrying out of an otherwise 
lawful activity.  Under the terms of section 7(b)(4) and section 7(o)(2), taking that is incidental to 
and not the purpose of the agency action is not considered to be prohibited taking under the ESA 
provided that such taking is in compliance with the terms and conditions of this incidental take 
statement.  Caltrans will adhere to the Term and Conditions detailed in this section of the 
biological opinion and other BMPs discussed in the biological assessment for the entirety of the 
project. 
 
The measures described below are nondiscretionary, and must be undertaken by Caltrans, for the 
exemption in section 7(o)(2) to apply.  Caltrans has a continuing duty to regulate the activity 
covered by this incidental take statement.  If Caltrans (1) fails to assume and implement the 
terms and conditions or (2) fails to require their designee(s) to adhere to the terms and conditions 
of the incidental take statement through enforceable terms that are added to the permit or grant 
document, the protective coverage of section 7(o)(2) may lapse.  In order to monitor the impact 
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of incidental take, Caltrans must report the progress of the action and its impact on the species to 
NMFS as specified in the incidental take statement (50 CFR §402.14(i)(3)). 
 
A.  Amount or Extent of Take 
 
As described above in the accompanying biological opinion, the number of threatened CCC 
steelhead that may be incidentally taken by capture and relocation during project activities is 
expected to be small (no more than 250 individuals), relative to the number of steelhead present 
throughout the San Pedro Creek Watershed.  NMFS anticipates no more than 10 juvenile/smolt 
steelhead (5 during capture and relocation, and 5 during dewatering) of the juvenile/smolt CCC 
steelhead present in the area will be killed during relocation and dewatering activities.   
 
The anticipated take will have been exceeded if more than 250 juvenile and/or smolt steelhead 
are captured or if more than 10 steelhead are killed during relocation and dewatering efforts.  
 
B.  Effect of the Take 
 
In the accompanying opinion, NMFS determined this level of anticipated take is not likely to 
result in jeopardy to CCC steelhead. 
 
C.  Reasonable and Prudent Measures 
 
The following reasonable and prudent measures are necessary and appropriate to minimize and 
monitor the impacts of the anticipated incidental take of CCC steelhead: 
 

1. undertake measures to ensure harm and mortality to CCC steelhead resulting from fish 
relocation is avoided or minimized; 

 
2. undertake measures to maintain water quality at pre-construction levels and to restore 

riparian/emergent habitat conditions through re-vegetation efforts in order to avoid or 
minimize harm to CCC steelhead; and 

 
3.  prepare and submit a report to document the effects of construction and relocation 

activities and performance. 
 
D.  Terms and Conditions 
 
In order to be exempt from the prohibitions of section 9 of the ESA, Caltrans, its permittee, and 
their designees must comply with the following terms and conditions, which implement the 
reasonable and prudent measures described above, and outline required reporting/monitoring 
requirements.  These terms and conditions are nondiscretionary. 
 
The following terms and conditions implement Reasonable and Prudent Measure 1, to minimize 
harm or mortality to listed steelhead from fish relocation activities. 
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1.   Caltrans will provide a list of all BMPs and the Terms and Conditions of this biological 

opinion to their contractors and ensure they are followed for the length of the project. 
 
2.   Caltrans, or its contractor, will provide NMFS with a Fish Relocation/Exclusion Plan for 

review and approval prior to the start of fish collection and relocation activities.  The plan 
must be submitted no less than 30 days prior to the beginning of fish capture and relocation 
activities (i.e., on or before May 15 of the year to be implemented if beginning on June 15).  
The plan will outline all confirmed fish relocation methods, including the location and a 
description of the habitat where steelhead are to be relocated.  The plan will be submitted to 
NMFS’ North Central Coast Office (see address below).   

 
3.   The project biologist will notify NMFS biologist Joel Casagrande at (707) 575-6016 or 

Joel.Casagrande@noaa.gov no later than one week prior to relocation activities in order to 
provide an opportunity for NMFS staff to observe the activities. 

 
4.    Caltrans and its contractors will follow NMFS Guidelines for Electrofishing Waters 

Containing Salmonids Listed under the Endangered Species Act (NMFS 2000b).  All live 
steelhead will be handled with extreme care and kept in water to the maximum extent 
possible during relocation activities.  All captured fish will be kept in cool, shaded, and 
aerated water that is protected from excessive noise, jostling, or overcrowding any time they 
are not in the stream, and fish will not be removed from this water except when released.  If 
necessary, the biologist will have at least two containers and segregate young-of-year 
salmonids from older salmonids and other potential aquatic predators in order to avoid 
predation effects.  Captured steelhead will be relocated as soon as possible and will be given 
highest priority over other non-listed fish species.  Juvenile steelhead will be released 
upstream of the project area and any smolts encountered will be released downstream of the 
project area. 

 
5.   The biologist will note the number of each species collected/observed in the affected area, 

the number of fish relocated, and the date and time of collection and relocation.  If any dead 
or fatally wounded fish are observed, they will be collected and placed in an appropriately 
sized whirl-pack or zip-lock bag, labeled with the date and time of collection, fork length, 
and location of capture, and frozen as soon as possible.  If any fish are fatally wounded, the 
biologist, or Caltrans, will then notify the NMFS biologist, listed above, no later than 2 days 
from the occurrence. Block nets or mesh screens will be used to exclude fish from the 
diversion pipeline and will be checked at least twice a day to ensure they are effectively 
excluding fish from entering the pipe and to remove debris that may clog the nets and cause 
them to fail.  Once the necessary in-channel activities are completed, the diversion facilities 
will be removed and steelhead will be allowed to re-enter the project area. 

 
The following terms and conditions implement Reasonable and Prudent Measure 2, undertake 
measures to maintain water quality at pre-construction levels and to restore riparian/emergent 
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habitat conditions through re-vegetation efforts in order to avoid or minimize harm to CCC 
steelhead. 
 
6.    Caltrans will monitor in-channel activities and performance of sediment control or detention 

devices for the purpose of identifying and reconciling any condition that could result in take 
of listed salmonids. 

 
7.    Caltrans will provide NMFS with a copy of the project’s site specific Storm Water Pollution 

Prevention Plan (SWPPP) or applicable plan(s), which specifies BMPs to control 
mobilization of sediment from the project for approval.  The plan must be submitted no less 
than 30 days prior to the beginning project implementation (i.e., on or before May 15 of the 
year to be implemented if beginning on June 15).  If BMPs must be modified, or when 
additional BMPs are implemented, the SWPPP will be updated to reflect needed changes.  
Documents will be submitted to NMFS North Central Coast Office (see address below).   

 
8.    Construction work will not create conditions that mobilize sediment or concentrate over-land 

flow from construction areas into the creek, or other channels leading directly to the creek. 
 
9.    Caltrans will complete and submit for approval a final Revegetation Plan which will include 

specific monitoring activities necessary to determine the level of success of revegetation 
efforts in the action area over time.  The final plan must be submitted no less than 30 days 
prior to the beginning project implementation (i.e., on or before May 15 of the year to be 
implemented if beginning on June 15) and will include all required criteria issued to 
Caltrans for plant success rates per the mitigation requirements issued by resource agencies 
for this project.     

 
The following terms and conditions implement Reasonable and Prudent Measure 3, prepare and 
submit a report to document the effects of construction and relocation activities and performance. 
 
10.   Caltrans will provide NMFS with a summary report by January 15 of the year following the 

completion of fish relocation and monitoring activities.  The report will include the methods 
used during the fish relocation and monitoring efforts, location, number and species 
captured, number of mortalities by species, and other pertinent information related to the 
monitoring and fish relocation activities.  Reports will be submitted to NMFS North Central 
Coast Office (see address below). 

 
11.  Caltrans or its contractor will allow any NMFS employee(s) or any other person(s) 

designated by NMFS, to access the work area during the construction period for the purpose 
of observing monitoring activities, evaluating fish and stream conditions, monitoring 
performance of Caltrans BMPs, monitoring water quality, collecting fish samples, or 
perform other monitoring/studies.  NMFS will notify the Caltrans Resident Engineer 48 
hours prior to planning a site visit and will contact Caltrans personnel prior to entering the 
construction site. 
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12.  Caltrans will also provide a final summary report to NMFS on the status of the re-vegetation 
success three years after planting. This report will include repeated site photo 
documentation (i.e., before construction, immediately after planting, and annually for two 
additional years after planting) and a narrative summary of overall plant establishment and 
health. 

 
13.  All reports or plans required for the above terms and conditions will be sent to: 
 

NMFS North Central Coast Office 
Central Coast Branch Supervisor, Protected Resources Division 
Southwest Region 
National Marine Fisheries Service 
777 Sonoma Avenue, Room 325 
Santa Rosa, California 95404 

 
XI.  CONSERVATION RECOMMENDATIONS 
 
Section 7(a)(1) of the ESA directs Federal agencies to utilize their authorities to further the 
purposes of the ESA by carrying out conservation programs for the benefit of endangered and 
threatened species.  Conservation recommendations are discretionary agency activities to 
minimize or avoid adverse effects of a proposed action on listed species or critical habitat, or to 
develop information.  NMFS has no conservation recommendations at this time. 
 
XII.  REINITIATION NOTICE 
 
This concludes formal consultation for the proposed replacement of Highway 1 Bridge over San 
Pedro Creek in San Mateo County, California.  As provided in 50 CFR §402.16, reinitiation of 
formal consultation is required if: (1) the amount or extent of incidental take is exceeded; (2) 
new information reveals effects of the action that may affect listed species or critical habitat in a 
manner or to an extent not previously considered in this opinion; (3) the action is subsequently 
modified in a manner that causes an effect to the listed species or critical habitat not considered 
in this opinion; or (4) a new species is listed or critical habitat designated that may be affected by 
the action.  In instances where the amount or extent of incidental take is exceeded, formal 
consultation will be reinitiated immediately. 
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United States Department of the Interior 

In Reply Refer To: 
81420-201 0-F-0630-ROO 1 

FISH AND WILDLIFE SERVICE 
Sacramenta Fish and Wildlife Office 
2800 Cottage Way, Room W-2605 
Sacramento, California 95825·1846 

Ms. Melanie Brent, Office Chief 
Caltrans District 4 Environmental Analysis 
California Department of Transportation 
P.O. Box 23660 
Oakland, California 94623-0660 

APR 2 2 2013 

Subject: Reinitiation of Consultation on the State Route 1 San Pedro Creek Bridge 
Replacement Project, San Mateo County, California (Caltrans EA 265600) 

Dear Ms. Brent: 

This letter is a reinitiation of consultation for the October 18, 2011, biological opinion for the 
State Route 1 (SR-1) San Pedro Creek Bridge Replacement Project (Service File No. 81420· 
2010-F-0630-4) located in San Mateo County, California. Reinitiation of consultation was 
requested by the California Department of Transportation (Caltrans) on January 22, 2013, to 
address changes to the project design that incorporates widening San Pedro Creek to increase the 
flood capacity previously proposed to be completed as an independent project by the U.S. Army 
Corps of Engineers. Reinitiation of consultation is exercised under the authority of the 
Endangered Species Act of 1973, as amended (16 U.S.C. 1531 et seq.) (Act). 

The Safe, Accountable, Flexible, Efficient Transportation Equity Act: A Legacy for Users 
legislation (23 U.S.C. 327) allows the Secretary of the U.S. Department of Transportation acting 
through the Federal Highway Administration (FHWA) to establish a Surface Transportation 
Project Delivery Pilot Program, whereby a State may assume the FHWA responsibilities under 
the National Environmental Policy Act for environmental review, agency consultation and other 
action pertaining to the review or approval of a specific project. Caltrans assumed these 
responsibilities for the FHWA on July I, 2007 through a Memorandum of Understanding (MOU) 
within the State of California 
(http://www.dot.ca.gov/ser/downloads/MOUs/nepa delegation/sec6005mou.pd!). 

The folk>wing changes are made to the October 18, 2011, biological opinion: 

I. Add the following to the Consultation History on page 1: 

January 25,2013 The Service received a request from Caltrans dated 
Jammry 22,2013, to reinitiate fonnal consultation to address 
changes to the project design and its effects on the California 
red-legged frog. 



Ms. Melanie Brent 

January 29,2013 

January 1, 2013-
March 19,2013 

The Service attended a meeting and site visit with Caltrans, 
National Marine Fisheries Service (NMFS), and the California 
Coastal Commission. 

Electronic and phone correspondence between Caltrans, 
Joel Casagrande of the National Marine Fisheries Service, and 
the Service. 

2. Make the following changes to the Description of the Proposed Action on page 2: 

Project Description 

The City of Pacifica is seeking to replace the SR-1 Bridge over San Pedro Creek as the 
existing bridge is not high enough or long enough to accommodate heavy flood events. 
Currently the creek area under the existing bridge can only carry a top flow of 1,000 
cubic feet per second (cfs), which can be generated by a 4-year storm event. During a 
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1 00-year storm, flows may exceed 3,000 cfs. The replacement bridge will facilitate a 
separate future Utlited States Army Corps of Engineers (Corps) flood control proj oct that 
will v1iden the simultaneous widening of the creek to allow 3,500 cfs flow in the creek, 
accommodating flows resulting from a 1 00-year storm event. The Corps project has 
already undergone NEPA clearance and a separate section 7 consultation. The proposed 
action is a key component in the implementation of the overall San Pedro Creek Flood 
Control Project jointly planned by the Corps, City of Pacifica and Caltrans. 

The proposed action is a key component in tile implementation of tile overaJ.l San Pedro 
Creek Flood Control Project jointly planned by the Corps and tile City of Pacifica. The 
proposed action is treated as a separate project from tile overall Flood Control Project and 
has a unique funding source. San Pedro Creek has been widened and stabilized upstream 
and downstream ofthe e1cisting SR 1 Bridge as Phase 1 of the San Pedro Creek Flood 
Control Project. Once tile proposed action is constructed, tile creek channel 
imprevements under tile new bridge and tile San Pedro Avenue Bridge will be completed 
in Phase 2 of the San Pedro Creek Flood Control Project. 

Caltrans proposes to demolish the existing San Pedro Creek Bridge and construct a new 
bridge. The proposed action will bring the bridge up to current seismic and structural 
design standards. The new bridge will be built in the same alignment as the old bridge. 
Removal of the old bridge and construction of the new bridge will be performed from the 
top of the creek banks by using a crane to remove sections of the old bridge and set new 
bridge sections into place. The project is located in the City of Pacifica, San Mateo 
County on SR-I between post miles 40.6 and 40.8. 

Proposed Improvements 

This proposed action consists of replacing the existing two-lane, 40 foot wide and 83 foot 
long bridge with a two-lane 63 foot wide and 138 foot long bridge. The new bridge will 
include a separated pedestrian sidewalk. The new bridge will have two 12-foot traffic 
lanes, standard shoulders and a separated pedestrian facility on the east side. The bridge 
will be raised approximately four and one half feet higher in elevation to allow water 
flow from a I 00-year storm event to pass beneath it once the Corps project is constructed. 
Appropriate street lighting and landscaping will be installed. The SR-I approach to the 
bridge at both ends will be raised slightly to accommodate the raised elevation of the new 
bridge. The bridge approaches will be reconstructed a distance of approximately 990 feet 
on the south side and 570 feet on the north side. 
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The bridge will be constructed as a pre-cast structure on abutments dug outside of the 
existing San Pedro Creek bed. The abutments will be erected roughly 138 feet apart 
depending on the final bridge design. There will also be a center bent. The center bent 
will be constructed at the existing top of bank. Pile foundations will be used to support 
the structure. Construction of the abutments will occur from the top of the creek bank 
and no construction equipment will enter the creek channel. Once the abutments are in 
place, the prefabricated bridge sections will be liftedinto place using a crane. 
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Once the creek channel has been widened as part of the flood control project, the new 
southern abutment will be set back from the existing southern creek bank at the edge of 
the new southe~bank. The new middle bridge support constructed at the edge of the 
existing northern bank will be located in the middle of the creek. The northern abutment 
will be at the new northern bank edge approximately at the existing northern bank. 

Construction Actions 

All construction activities including site preparation, staging, access, and detours will 
occur within the project footprint. Only daytime construction is anticipated, however 
nighttime construction may occur if needed to meet the project schedule. 

Staging Areas 

The staging area will be located in between San Pedro Avenue and SR-1 northeast of the 
San Pedro Creek Bridge. The staging area also includes portions ofSR-1 as equipment 
will be staged along the road as well. Access to the staging area will be made from SR -1. 
The staging area is 1.93 acres. 

Access Roads 

A temporary access ramp will be constructed on the bank of the creek after the 
cofferdams, dewatering and water bypass have been installed. The riparian and 
wetland vegetation in the ramp area will be removed, as described. The ramp will be 
cut from the existing roadway grade down to the creek elevation. To accommodate 
construction equipment, the ramp will be approximately 50 feet long and 20 feet wide 
and will consist of compacted aggregate. The ramp will be backfilled at the end of the 
project and will be revegetated. 

Traffic Bypass 

Prior to demolition of the existing bridge and project construction activities, a traffic 
detour will be established using San Pedro Avenue. When the new bridge is completed, 
the traffic detour will be removed and highway traffic redirected back onto the SR-1 
bridge and approaches. 

Dewatering and Creek Bypass 

Work within the creek channel will require water within the creek to be diverted 
around the construction area by installing sandbag coffer dams at the upstream and 
downstream ends of the construction area. A dewatering pump and bypass pipe system 
will be used to direct flows from the upstream coffer dam through the construction 
footprint to below the downstream coffer dmfti4Rte·~er dam and the temporary 
dewatering and bypass system will be installed with the oversight of NMFS-approved 
permitted biologist and Service-approved biologist. In addition, the creek diversion will 
be monitored by the approved permitted biologists as part of the construction 
monitoring. 
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Bridge Demolition 

Demolition ofthe existing bridge will be removed in large clmnks using a crane using 
heavy construction equipment such as bulldozers, front end loaders, dump or soil haul 
trucks, backhoes/excavators, jack hammers ora hydraulic ram. Existing pilings within 
the creek will be cut off above the water level and also removed using the crane. The 
bridge will be demolished into the dry creek channel, and loaded into trucks for off
haul. The existing pilings, including those in the creek and those in the south 
abutment (abutment 1) will be removed below grade. Per Caltrans Standard 
Specifications 15-4.01C(3), the piles will be removed to 1-.foot below the ground line or 
3 feet below the finished grade, whichever is lower. Piles at the existing north 
abutment will be removed to 6 inches below the proposed north abutment bottom of 
footing elevation. The existing bridge is a 4-span concrete slab bridge supported on 
concrete pile extensions. The total number of piles in the creek is 18 (6 piles per bent). 
The abutments have 5 piles each, but are located to be outside of the creek channel. The 
bridge removal will need to be done with careful staging to avoid work within the creek 
as follows: 

!. Nets or other methods may be used to prevent debris from falling into the creek. 
Implement Best Management Practices (BMPs) such as installing nets/tarps, etc. 
as necessary to limit debris from falling into the creek to the maJtimum eJctent 
practicable. 

2. Support segments of span I deck temporarily by crane (possibly with cables 
through holes cored tbrough the deck). 

3. Saweut through the deck between Bent 2 and at the abutment to release the 
supported segments. Sav•eutting through concrete will create dust or mud that 
will need to be collected via vacuum or other method. 

4. Remove Span 1 deck in segments until all of Span 1 has been removed. 

5. Remove Abutment 1, and cut off piles 2 fuel below grade. 

6. Support segments of Span 2 with crane and remove in segments as was done with 
Span !. 

7. Support the upper portion of each Bent 2 pile by crane and sawcut through the 
pile above the '>Vater level. l\ecess by overhanging from bridge Span 3 (possibly 
with a boom lift or basket supported by crane). 

8. Remove the upper portion of each pile of Bent 2. 

lh-Repeat to remove remaining deck and out off pile extensions. 

10. Remove Abutment 5, and cut off piles 2 fuet below grade. 

·Notes: 

!. Piles will be out offabovewat'efk~~ff'6£~hebridge pr~ect. During the future 
creek widening project implemented by the Corps, piles would be cut off to 2 fuet 
below grade (a separate pr~eet). 

2. Structural analysis ofthe demolition stages may be required to ensure safety 
during the bridge removah 
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Bridge Construction 

The new bridge will be a 2-span pre-cast concrete bridge with a cast-in-place topping slab 
Supported on Cast-In-Steel-Shell (CISS) piles. The bridge supports (including the bent) 
are located beyond the existing top of bank, and will not require construction within the 
creek. Pre-cast concrete slabs will be placed via crane, and the concrete topping slab will 
be cast on top. Falsework will not be required. Approximately 7,200 cubic yards of fill 
will be needed to elevate the road bed up to four and one half feet on the bridge 
approaches. The fill will be imported to the site. 

Construction includes the following: 

1. Install sediment and erosion control BMPs. 

2. Excavate for abutments and wingwalls. 

3. Drive CISS piles for abutments and bents. Clean out piles, and fill with concrete. 
Monitor sound and vibration during construction to stay within the allowable 
levels. 

4. Construct bridge abutments, wingwalls, and bent caps. Concrete operations will 
include BMPs for protecting the stream against contamination. 

5. Place precast slabs. 

6. Pour concrete topping slab. 

7. Construct bridge railings. 

All concrete operations will include BMPs to protect water quality. At a minimum these 
will include California Storm water Quality Association measures NS-12 (concrete 
curing), NS-13 (concrete finishing) and WM-8 (concrete waste management). 

Piles 

The new bridge is supported on CISS piles. Although the design is in an early 
preliminary stage, the design team estimates the following foundation data, and the 
likelihood of the pile type, diameter, and length being revised is small. At each abutment 
there will be approximately seven 30-inch diameter CISS piles and approximately five 
48-inch diameter CISS piles at the center bent. It is estimated that the piles will extend 
between 80 and I 00 feet deep depending upon final design loads. 

San Pedro Creek is 21 feet wide, measured between the ordinary high water marks. The 
northern abutment will be about 15 feet from the edge of the water during nominal, non
storm flows (about 25 feet from the creek centerline). The center bent will be built about 
20 feet from the water (about 30 feet from the creek centerline). The southern abutment 
will be at least 80 feet from the water. The creek is anticipated to have an approximate 
depth of less than 3 feet when pile driving occurs, and usually has a depth of less than 1 
foot. 

One boring was advanced beyond the top of bank at each side of the creek adjacent to the 
existing bridge. The boring data indicates about 7 feet of fill overlying approximately 10 
feet of soft young bay mud and peat with natural moisture content on the order of 200 
percent to 300 percent. ~elqw that,the borings indicate another 15 feet of soft to stiff 

·clay (with natural moistUr~eontent on the order of 30 percent to 40 percent) overlying 
approximately 40 feet of dense clayey sand interbeded with lean clay and gravel. Below 
the dense clayey sand/gravel, the material changes to hard silt and clay. Claystone and 
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shale were encountered at an elevation of -90 feet on the easterly side of the creek 
(Boring B-1). The westerly boring (Boring B-2) encountered claystone at an elevation of 
-50 feet. Groundwater was encountered at about elevation 4.6 to 6.7 feet during drilling 
in the month of March. The groundwater level is anticipated to vary with the passage of 
time due to seasonal groundwater/tidal fluctuation, surface and subsurface flows, ground 
surface run-off, flow in the creek and other factors that may not have been present at the 
time of investigation. 

Construction of the bridge will require installation of a total of 19 pilings. The abutments 
will have seven 30-inch diameter crss pilings each, and the center bent will have five 
48-inch diameter CISS pilings. The piles will first be vibrated through the fill and soft 
mud (about 20 feet), and then will be impact driven (hammered) to a final depth of 80 to 
100 feet, with approximately 1,600 blows per pile. Preliminary indications are that a 
Del mag 62 or Delmag I 00 diesel impact hammer (or equivalent) will be required. The 
vibratory hammer would be used for 5-10 minutes per pile then the impact hammer 
would be used for about 40 minutes to drive the pile in place. Thus the noise from the 
impaet hammer would be periodic and not eontinuous. For analysis purposes, it is 
estimated that up to three piles could be driven in a day, allowing time for setup;-ete. 
This would result in a cumulative amount of 4,800 blows per day in three separate 40 
minute sessions. In total, it will take at least seven days to drive the 19 piles. The seven 
days may not be continuous, and may be spread out over two or more weeks before the 
process is completed. 

Creek Widening and Recontouring 

Creek widening will include relocating the low-flow channel and widening the flood 
plain. The work will extend from 175 feet upstream of the SR-1 bridge to the beach 
(700 feet downstream of the SR-1 bridge); however, in some areas the creek will not be 
widened and the grading will be restricted to the low flow channel. Construction for 
the creek widening will remove approximately 6,500 cubic yards of bank and dredged 
materials to enlarge the creek cross section. A total area of approximately 1. 79 acres 
will be graded for the creek widening; of this, approximately 1.45 acre is within the 
existing bed, bank and channel of the creek (including the beach portion), and 0.34 
acre is upland and developed area that will be converted to stream channel. Grading 
will be done with heavy equipment such as bulldozers, excavators and backhoes. 1t is 
anticipated that most of the soil removed from the creek banks and bed will not meet 
the requirements for re-use as fill and, therefore, will be removed from the site and 
properly disposed of at an off-site facility. 

At the upstream end, the channel and banks will be transitioned with a shaped cut to 
conform to the existing creek and direct the stream flows under the new bridge. The 
area from the upstream side of the SR-1 Bridge to the upstream side of the San Pedro 
Avenue Bridge will be sculpted into a new trapezoidal cross-section to widen the creek 
in this area. An area downstream of the San Pedro Avenue Bridge will be excavated to 
lower the current elevation by 3 feet, and the channel will be excavated to the ocean. 
The wetland area that currently exists downstream of the San Pedro Avenue Bridge has 
a fairly even bottom elevation ojl 0 feet. The project will remove the soil in a portion 
of this wetland to lower the elevation to 7 feet, and will excavate the low-flow channel 
to an elevation of 5 feet. As a result, the wetland will contain a variety of depths, e.g. 5 
foot, 7 foot and 10 foot elevation levels, rather than the generally uniform depth that 
currently exists. Portions of the existing silt/sand-bottomed creek will contain areas 
that are 3 and 5 feet deeper than the current conditions. These deeper pockets will 
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provide cooler water environments and deep water cover. These areas are too deep to 
support cattail, but not too deep to support tule, which can grow in water as deep as 6 
feet; as a result some of the wetland vegetation in the area downstream of the San 
Pedro Bridge may convert from one type of emergent plant to another. 
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Creek morphology requires that the banks in these areas be armored to protect the 
integrity of the bridge footings for both the SR-1 Bridge and the San Pedro Avenue 
Bridge. The banks will be armored with articulated concrete revetment mats, which 
provide open cells where it's possible to grow vegetation. 

Drainage Control 

Surface water runoff from the new bridge will be intercepted and directed to the existing 
storm water drainage system along the edges of SR -1, consisting of underground pipes 
and surface flows, which drain to the Pacific Ocean. The new bridge will be constructed 
to prevent ponding of water and to maximize drainage. 

Vegetation Removal and Grading 

The approaches to the new bridge will require grading and road bed construction to 
elevate the roads to match the higher bridge elevation. Approximately 1.24-acre ofland 
adjacent to SR-1 will be graded, bringing the road to a 4: I side slope where possible. 
Approximately 7,200 cubic yards of imported fill will be required to elevate the road bed 
up to four and one half feet on the bridge approaches. Vegetation in the work area will 
be removed prior to construction. Approved biological monitors will be present .OS 
vegetation is removed to a height of approximately 4 to 6 inches. All riparian and 
emergent wetland vegetation will be removed by hand. Cut vegetation will be piled in 
adjacent upland areas within the work area or into trucks and will be disposed of at a 
Class III landfill or licensed compost site. Vegetation removal for the creek widening 
and recontouring will require the removal of approximately 1. 79 acres comprising 1.45 
acre within the existing bed, bank and channel of the creek (including the beach 
portion), and 0.34-acre of upland and developed areas that will be converted to stream 
channel. 

Post-Project Maintenance 

Following project completion, maintenance will be performed by Caltrans or by approved 
contractors hired by Caltrans for those tasks. Standard Caltrans practices for inspecting, 
cleaning, repairing, and otherwise maintaining SR-1 throughout the length of the project 
area will be followed. Maintenance activities mainly occur with the roadbed; the areas 
under the bridge are inspected but are not regularly maintained. No maintenance 
activities will occur in the San Pedro Creek or the riparian corridor without prior 
consultation with Caltrans biologists and State or Federal agencies. 

Site Clean-up and Restoration 

All construction-related materials will be removed after construction activities are 
complete. The temporarily disturbed areas and staging areas will be cleaned, and 
revegetated with appropriate native species, as necessary. Permanent erosion control, 
including soil control measures such as hydroseeding and coir netting will be applied to 
all temporarily affected project areas to minimize erosion after construction. 
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Post-Project Maintenance 

When the project is completed, maintenance will be performed by Ca!trans or by 
approved contractors hired by Ca!trans for those tasks. Standard Caltrans practices for 
cleaning, repairing, and otherwise maintaining SR-I throughout the length of the project 
area will be followed. 

Construction Schedule 
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All-work shall be performed during the dry season, between April 15 and Oetober 15. 
Completion of work during this time will reduee the risk of take of the California red 
legged frog. Total bridge eonstruetion is ellpeeted to last apprmtimately 120 days. The 
project will start in 2014 and.be completed over two consecutive years. All work within 
the creek, from top of bank to top of bank, will be limited to the period between June 15 
and October 15. Work outside of the creek will occur between April15 and October 15. 
All in-stream work will occur during the first year to avoid the need for dewatering 
over two years; however, some limited access to the creek will be necessary in the 
second year. At th.at time workers may need to enter the creek on foot with hand 
tools/ladder at the bent to guide the installation of precast girders. Girders cannot be 
set until the second year, after the abutments are ready. There may also be some patch 
work or other miscellaneous work that would require a worker(s) on foot to be in the 
creek for short periods. Much of this work would be accomplished during the dry 
season to minimize effects on the creek. 

Construction Equipment 

The exact pieces of construction equipment to be used will depend upon the final design 
and upon what the successful contractor will use to achieve the final product. It can be 
assumed there will be paving equipment, trucks for materials hauling, crane( s ), De/mag 
62 or 100 diesel impact hammers, bulldozers, frontend loaders, dump or soil haul 
trucks, backhoes/excavators, vibratory hammers, jack hammers, hydraulic ram, 
spreading and compaction equipment, concrete trucks and pumping equipment, 
demolition equipment, striping applicators and other miscellaneous pieces that are typical 
to roadway and bridge construction. · 

3. Make the following changes to the Conservation Measures in the Description ofthe 
Proposed Action on page 7: 

I. Seasonal Avoidance. Construction actions will be scheduled to minimize effects 
on California red-legged frogs and their habitat. Work will be limited to the 
period from June 15 Apri/15 to October 15 in 2011 or 2012. 

11. Restoration/Revegetation. Within 30 days prior to the start of construction, 
Caltrans will submit a Conceptual Mitigation and Revegetation Plan to 
revegetated the willow riparian, emergent wetland and upland habitats. All 
slopes or unpaved areas temporarily affected by the proposed action will be 
restored to natural conditions. Slopes and bare ground will be reseeded with 
native grasses and shrubs characteristic of the floristic region and local habitats to 
stabilize soils and prevent erosion. Where disturbance includes the removal of 
trees or plants, native species will be replanted. 
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4. Add the following to the Conservation Measures in the Description of the Proposed 
Action on page 7: 
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12. California Red-Legged Frog Relocation Plan. Within 30 days prior to the start 
of construction, Caltrans will submit a California Red-Legged Frog Relocation 
Plan (Plan) to the Service for review and approval. The Plan will clearly describe: 
1) the methodologies to be implemented to survey, capture, handle and transport 
California red-legged frogs; 2) electrofishing procedures during dewatering 
operations; 3) the locations for translocation; 4) a protocol to monitor relocated 
California red-legged frogs; 5) compliance with decontamination procedures in 
accordance with the Declining Amphibian Task Force Code of Practice; and 6) 
record keeping and reporting. Two weeks prior to the start of project 
construction, Caltrans will notify the USFWS, NMFS, and the USFWS/NMFS
approved biologist(s) and coordinate the preliminary details and various field 
work procedures in regard to the concurrent implementation of the Plan. 

5. Make the following changes to the Action Area on page 12: 

The action area is defined in 50 CFR § 402.02, as "all areas to be affected directly or 
indirectly by the Federal action and not merely the immediate area involved in the 
action." For the proposed action the Service considers the action area, eomprising 7.72 
a€feS-;- to encompass the project footprint, California red-legged frog relocation area, 
construction access and staging areas, traffic staging, parking areas, and the pile driving 
sound envelope extending 250 feet upstream and 700 feet downstream of San Pedro 
Creek from the bridge footprint as specified by Caltrans and submitted to the Service in 
the July 2010 Biological Assessment and January 22, 2013, letter to reinitiateformal 
consultation deseribed in the Project Description of this biologieal opinion. The action 
area extends 0.27-mile from PM 40.6 to PM 40.6 along SR-1. Habitat within the action 
area is comprised of non-native annual grassland, riparian, freshwater wetland, open 
water (San Pedro Creek), beach, urban development, and eucalyptus forest vegetation 
communities. 

6. Make the following changes to the Environmental Baseline in the Status of the Species 
and Environmental Baseline on page 15: 

The action area is located within the South San Francisco Bay Core Area (Unit 18) and 
Central Coast Recovery Unit (Service 2002). The conservation needs for the South San 
Francisco Bay Core Area are to: (1) protect existing populations; (2) control non-native 
predators; (3) increase connectivity between populations; (4) reduce erosion; (5) 
implement guidelines for recreation activities to reduce impacts; (6) implement forest 
practice guidelines; and (7) reduce impacts of urbanization. According to the Biological 
Assessment(Caltrans 2010), the project is located within the known range of the 
California red-legged frog and is known to inhabit the reach of San Pedro Creek within 
the action area. In 2002, five California red-legged frogs were collected from San Pedro 
Creek immediately upstream ofthe San Pedro Creek Bridge and deposited at the 
California Academy of Sciences (CDFG 2011 ). TRA Environmental Sciences conducted 
focused surveys in 2008 and observed one adult California red-legged frog approximately 
1,650 feet upstream of the bridge (CDFG 2011 ). California red-legged frogs have been 
reported from a drainage culvert north of the San Pedro Avenue!Halling Way 
intersection approximately 850 feet to the southwest in 2012 (pers. comm. Joel 
Casagrande, NMFS). California red-legged frogs are also known from three ponds near 
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the east entrance to the Devil's Slide Tunnel approximately 0.6-mile south of the action 
area. Although SR -1 bisects habitat directly north of these occurrences, undeveloped 
habitat borders both sides ofSR-1, forming a continuous matrix of habitat that supports 
the potential dispersal of frogs to and from the action area. 
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Habitat within the action area is comprised of a mixture of riparian vegetation along the 
San Pedro Creek corridor, open water and emergent wetland habitat, non-native annual 
grassland between SR-1 and San Pedro Avenue to the west, and eucalyptus forests along 
SR-1 at the southernmost project tenninus. A wetland was identified in 2009 
downstream of the San Pedro Avenue Bridge approximately 50 feet north of the creek 
channeL It is subject to saltwater intrusion during high tide events, but may function 
as breeding or non-breeding aquatic habitat for the California red-legged frog. The 
dense structure and mix of woodland, shrub and forb vegetation within the riparian 
corridor provides suitable upland refugia, foraging and dispersal habitat for California 
red-legged frogs. The eucalyptus forest and non-native annual grasslands provide poor 
quality upland refugia and foraging habitat for California red-legged frogs; however, they 
are part of a larger mosaic of habitat that provides connectivity between areas of occupied 
habitat and may therefore function as dispersal corridors. San Pedro Creek is a perennial 
stream that flows northward toward its confluence with the Pacific Ocean approximately 
700 feet downstream from the bridge. Based on the presence of freshwater vegetation 
including narrow leaf cattail, California tule, panicled bulrush, watercress and floating 
primrose-willow as well as the documented presence of California red-legged frogs, it is 
assumed that saltwater intrusion does not extend significantly inland as far as into the 
action area. The noise propagation analysis provided by Caltrans (email comm. to Jerry 
Roe on June 2, 2011) characterizes the reach of stream within the action area as a mixture 
of open water and freshwater marsh with water depths varying from less than one foot to 
approximately three feet during nominal flows. Based on the biology and ecology ofthe 
species and habitat characteristics within the stream, the Service concludes that the reach 
of San Pedro Creek within the action area is suitable breeding and non-breeding aquatic 
habitat. 

Based on reported occurrences within San Pedro Creek and adjacent vicinity, 
connectivity to occupied breeding ponds at the Devil's Slide Tunnel east entrance, and the 
presence of breeding and non-breeding aquatic, upland and dispersal habitat within the 
action area, the Service has determined there is a reasonable potential for California red
legged frogs to inhabit, breed, forage, over-summer, seek refuge or disperse through the 
action area. 

7. Make the following changes to the Effects of the Action on page 18: 

The proposed project will likely adversely affect the threatened California red-legged 
frog by harming or harassing larvae, juvenile, and adult life history stages inhabiting San 
Pedro Creek and its associated riparian corridor, or dispersing juveniles and adults 
moving between nearby habitats; disrupting normal behaviors; and/or altering and 
removing areas of suitable habitat. The proposed action as provided in the Biological 
Assessment (Caltrans 2010), reinitiation request letter from Caltrans dated 
January 22, 2013, and in the project description of this biological opinion encompasses 
an area of 7.72 acres, i.e. 3.21 5. 72 acres of suitable California red-legged frog aquatic 
and upland habitat. The proposed action would result in the permanent removal of 0.124 
acre upland and dispersal habitat (riparian and non native annual grassland) along the 
road verge and between SR I and San. Pedro Avenue, and temporarily disturb 0.60 aere 
of upland and dispersal habitat (also comprising riparian and non native annual grassland 
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vegetation communities). The project will result in a temporary loss of 0.59-acre of 
California red-legged frog breeding habitat and 2.45 acres of non-breeding aquatic, 
upland and dispersal habitat. These habitat types will be replaced following 
construction, and water will be restored to the channel before the next consecutive 
breeding season. There will be a permanent loss of0.01-acre of California red-legged 
frog breeding habitat and 0.18-acres of non-breeding aquatic, upland and dispersal 
habitat. The creek widening will result in d net increase of 0.08-acre of aquatic and 
riparian habitat and a net loss of0.15-acre of upland habitat between the SR-1 Bridge 
and the San Pedro Avenue Bridge. 

The Service defines temporary and permanent effects as areas denuded, manipulated, or 
otherwise modified from their pre-project conditions, thereby removing one or more 
essential components of a listed species' habitat as a result of project activities that 
include, but are not limited to, construction, staging, storage, lay down, vehicle access, 
parking, etc. Temporary effects are limited to no more than two consecutive seasons and 
at a minimum, are fully restored to baseline habitat values or better within one year 
following initial disturbance. Permanent effects are not temporally limited and include 
all effects not fulfilling the criteria for temporary effects. Areas subject to ongoing 
operations and maintenance also are considered permanent. 

Diverting the creek flows for the first season of work may affect the California red
legged frog aquatic habitat within the wetland adjacent to the work area downstream of 
the San Pedro Avenue Bridge for a four month period beginning June 15, 2013. This 
area is currently supplied by water from the creek and ocean waves at high tide. To 
minimize the effects to this wetland and California red-legged frogs, water diverted 
from the creek will supply water to the wetland to maintain current levels and 
supporting vegetation through a temporary irrigation system. Service-approved 
biologists and monitoring protocols will be established to monitor the wetland and 
direct the amount of irrigation as necessary to maintain optimum habitat. Effects to 
California red-legged frogs and the wetland habitat will be further minimized by 
installing ESAfencing around the perimeter. 

Caltrans has minimized the project effects by reducing the project footprint to the 
minimum area necessary to complete project and designing the project to avoid work 
within San Pedro Creek. Aspects of the proposed action most likely to affect the 
California red-legged frog are largely confined to the construction phase. Spatial and 
temporal loss of habitat will result from the removal and/or disturbance of vegetation 
within the project footprint comprising riparian habitat along San Pedro Creek and non
native annual grassland (borderline ruderal) in areas along SR-I and between the 
vegetated area between SR-1 and San Pedro Avenue. However, the portion of riparian 
habitat to be affected is located immediately adjacent to SR-I and is the edge of the 
riparian zone. A multiuse trail passes through the outer edge of the riparian habitat 
southwest of the bridge, which separates the narrow linear strip of riparian habitat subject 
to habitat disturbance and conversion from that directly connected to San Pedro Creek. 
Based on these conditions, the quality of the riparian habitat to be converted or 
temporarily disturbed is considered to be marginal and the loss of habitat will not 
appreciably affect the recovery or persistence of California red-legged frogs in this 
portion of their range. Construction noise, vibration, and increased human activity during 
the construction phase of the project may interfere with normal behaviors; feeding, 
sheltering, daily/seasonal movement/dispersal, and other frog essential behaviors, 
resulting in avoidance of areas that have suitable habitat but intolerable levels of 
disturbance. Caltrans proposes to minimize these effects by locating construction 
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staging, storage and parking areas outside of sensitive habitat; clearly marking 
construction work boundaries with high-visibility ESA fencing, performing worker 
environmental training for all on-site construction personnel, conducting preconstruction 
surveys and biological monitoring during vegetation removal and construction activities, 
minimizing the spread of invasive species, and revegetating all unpaved areas disturbed 
by project activities with native vegetation characteristic of the habitats within the action 
area. 

There is a risk of California red-legged frogs becoming injured or killed by construction 
activities due to dewatering and bypass activities, electro fishing, vegetation removal, 
operation of construction equipment, trampling, and general construction activities. 
Preconstruction surveys, biological monitoring and installation of wildlife exclusion 
fencing will minimize the risk of injury or mortality. 

If unrestricted, biologists and construction workers traveling to the action area from other 
project sites could transmit diseases by introducing contaminated equipment. The chance 
of a disease being introduced into a new area is greater today than in the past due to the 
increasing occurrences of disease throughout amphibian populations in California and the 
United States. It is possible that chytridiomycosis, caused by chytrid fungus 
(Batrachochytrium dendrobatidis), may exacerbate the effects of other diseases on 
amphibians or increase the sensitivity of the amphibian to environmental changes (e.g., 
water pH) that reduce normal immune response capabilities (Bosch et a!. 2001, Weldon 
eta!. 2004). These risks will be minimized by implementing proper decontamination 
procedures prior to and following aquatic surveys and handling California red-legged 
frogs. 

This concludes the reinitiation of formal consultation on the SR -1 San Pedro Creek Bridge 
Replacement Project in San Mateo County, California. The remainder of the October 18,2011, 
biological opinion is unchanged. If you have questions concerning this reinitiation, please 
contact Jerry Roe or Ryan Olah, Coast Bay/Forest Foothills Division Chief, at (916) 414-6600. 

Sincerely, 

_f.,.rJan C. Knight 
Acting Field Supervisor 

cc: 
Melisa Escaron, California Department ofFish and Game, Yountville, California 
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FOUNDATION REPORT 
SAN PEDRO CREEK BRIDGE (REPLACE) 

(BRIDGE NO. 35-0350) 
SAN MATEO COUNTY, CALIFORNIA 

04-SM-1   PM 40.83   CONTRACT NO. 265600 
 
 

1.0 SCOPE OF WORK 

 
The purpose of this investigation was to evaluate the general soil conditions at the project site, to 
evaluate their engineering properties, and to provide foundation design recommendations for the 
proposed project.  The scope of work performed for this investigation included a review of the 
readily available geologic literature pertaining to the site, obtaining representative soil samples 
and logging soil materials encountered in the exploratory borings, laboratory testing of the 
collected samples, engineering analysis of the field and laboratory data, and preparation of this 
report. 
 
This report presents the results of our geotechnical engineering investigation for the proposed 
bridge replacement at San Pedro Creek on Route 1, as described herein, to be constructed in the 
City of Pacifica, San Mateo County, California.  The approximate location of the site is shown on 
the Site Map (Plate I-1) in Appendix I of the report. 
 
The geotechnical recommendations presented in this report are intended for design input and are 
not intended to be used as specifications.  These recommendations should not be used directly for 
bidding purposes or for construction cost estimates. 
 
2.0 PROJECT DESCRIPTION  
 
The project consists of replacing the existing San Pedro Creek Bridge (Br. No. 35-53) on Route 1.  
Based on the General Plan provided, the new bridge is a two span concrete structure of 
approximately 140 feet long and 63 feet wide.  The superstructure consists of precast P/S concrete 
slab with cast-in-place composite slab.  In addition, new approach embankments on the order of 5 
to 6 feet are planned at the proposed approaches.  Cast-In-Steel-Shell (CISS) piles of 30 inches and 
48 inches in diameter are planned for foundation support at the abutments and pier.   
 
3.0 EXCEPTIONS TO POLICY 
 
Normal procedures were assumed for construction of the bridge structure throughout our analysis 
and represent one of the bases of recommendations presented herein.  The investigation for the 
proposed foundations has followed Caltrans policy.  Exception to policy is not needed. 
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4.0 FIELD INVESTIGATION AND TESTING PROGRAM 
 
Based on the readily available information (as-built plans), three exploratory borings, Boring 
R-03-001, R-03-002 and A-11-003, were conducted to a maximum depth of 111.5 feet below the 
existing ground surface.  Two borings were drilled in 2003 and the third boring was drilled in 
2011. The approximate locations of the borings are shown on the Log of Test Borings in Appendix 
II. 
 
The test borings were advanced with truck-mounted drill rigs.  Borings R-03-001 and R-03-002 
drilled in 2003 were performed using rotary wash drilling method.  Boring A-11-003 was drilled 
using hollow stem auger in order to take a water sample.  The soil samples were obtained from 2.5 
inches I.D. Modified California and 1.4 inches I.D. Standard Penetration Test samplers under the 
impact of a 140 lb hammer falling through 30 inches.  When correlating standard penetration data, 
the blow counts for the Modified California Sampler may be converted to equivalent SPT blow 
counts by multiplying a conversion factor of 0.65.  The borings were drilled under the technical 
supervision of one of our engineers, who classified and logged the soils encountered during 
drilling and supervised the collection of soil samples at various depths for visual examination and 
laboratory testing.  The blow counts required to drive the sampler for the last 12 inches are 
presented on the "Log of Test Borings", Appendix II.  After visual examination, the collected 
samples were sealed and transported to our laboratory for further evaluation and testing.   
 
The bore logs presented in Appendix II were prepared from the field logs which were edited after 
visual re-examination of the soil samples in the laboratory and results of classification tests on 
selected soil samples as indicated on the logs.  The abrupt stratum changes shown on these logs 
may be gradual and relatively minor changes in soil types within a stratum may not be noted on the 
logs due to field limitations. 
 
5.0 LABORATORY TESTING PROGRAM 
 
Laboratory tests were performed on selected samples in the laboratory to evaluate the physical and 
engineering properties of the subsoils.  The tests performed for the study include the following:  
Laboratory determination of Moisture-Density (California Test Method 226), Atterberg Limits 
(California Test Method 204), Grain Size Analysis (California Test Method 202), Unconfined 
Compression Test (California Test Method 221), Consolidation Test (ASTM Test Method 
D28-50), and Corrosion Test (California Test Method 643). The laboratory test results are attached 
in Appendix III. 
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6.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS 
6.1 Site Geology 

 

General geologic features pertaining to the site were evaluated by reference to the Geology of the 
Onshore Part of San Mateo County, California (Open-File 98-137) by E.E. Brabb, R.W. 
Graymer, and D.L. Jones; 1998.  Based on the quaternary deposits map and Caltrans comments, 
the project site is situated in Alluvial Fans and Fluvial deposits (Qhaf).  The portion of the 
published geologic map that includes the general project area is shown on Plate I-2.   

 

6.2 Subsurface Conditions 
 

The subsurface information is based on the borings drilled in March 2003 and October 2011 and 
the as-built Log of Test Borings (LOTB) of the existing bridge (#35-0053). The boring data 
indicates about 8 to 9 ft of fill (Elev. 15 to 6 ft) overlying soft clay through about Elev. -20 ft.  
The fill consists of stiff clay and medium dense sand.  Below the fill, the clay is soft with shear 
strength in the range of 400 to 450 psf and natural moisture content of 30 to 50%,  except that the 
material between approximately Elev. 2 and -5 ft contains organics with natural moisture content 
typically on the  order of 100 to 200%+.   
 
Below the soft clay, the borings encountered up to 40 ft of dense to very dense sand (clayey sand 
to poorly graded sand) through about Elev. -60 ft (Abutment 3) to -50 ft (Abutment 1).  Below 
the dense to very dense sand, the borings encountered hard clay to claystone through about Elev. 
-100 ft.  Claystone was encountered at Elev. -90 ft in Boring R-03-001.  The LOTB is attached in 
Appendix II. 
 
Groundwater was encountered at about 6.5-ft depth (or Elev. 8.5 to 9.5 ft) in Borings R-03-001 
& R-03-002 during drilling.  Boring A-11-003 encountered groundwater at 19-ft depth (Elev. -3 
ft) during drilling. The groundwater level is anticipated to vary with the passage of time due to 
seasonal groundwater/tidal fluctuation, surface and subsurface flows, ground surface run-off, 
flow in the creek and other factors that may not be present at the time of investigation. 
 
Due to limitations inherent in geotechnical investigations, it is neither uncommon to encounter 
unforeseen variations in the soil conditions during construction nor is it practical to determine all 
such variations during an acceptable program of drilling and sampling for a project of this scope.  
Such variations, when encountered, generally require additional engineering services to attain a 
properly constructed project.  We, therefore, recommend that a contingency fund be provided to 
accommodate any additional charges resulting from technical services that may be required 
during construction. 
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7.0 SCOUR EVALUATION  
 
Based on information provided by the designer, the potential scour consists of contraction scour of 
2.83 ft and pier scour of 7.76 ft for a total of approximately 10.59 ft.  The existing mud line of the 
creek is at about Elev. 8 ft, and we have considered scour for design of foundation piles at Pier 2.  
 
8.0 CORROSION EVALUATION 
 
The corrosion investigation for this project was performed on the selected sample in general 
accordance with the provisions of California Test Method 643.  A summary of the corrosion test 
results is presented in the following table.   
 

CORROSION TEST RESULTS 

Location Sample No. 
Depth 

(ft) 
Minimum Resistivity 

(ohms-cm) 
pH 

Chloride 
Content (ppm) 

Sulfate Content 
(ppm) 

R-03-001 4 14.5 3000 7.68 - - 

A-11-003 3 10 1370 6.21 76.0 81.3 

A-11-003 Water sample 19’ - 6.78 152.6 1.24 

 
The upper soft organic soil should be considered corrosive, and the project site is within 1000 feet 
ft from the ocean and in marine environment.  The design for corrosion should follow Caltrans 
Memo to Designers 3-1.  Sacrificial thickness for the steel shell should be considered per 
guidelines shown in MTD 3-1.   
 
9.0 SEISMIC RECOMMENDATIONS 

9.1 Seismic Sources 
 
The project is located in a seismically active part of northern California.  Many faults that exist in 
the San Francisco Bay Area are capable of producing earthquakes that may cause strong ground 
shaking at the site.  Maximum magnitudes of some of the closest faults in the area based on 2007 
Caltrans Deterministic PGA Map and ARS Online Report are summarized in the following table.  
These maximum magnitudes represent the largest earthquake a fault is capable of generating and 
is related to the seismic moment.   
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EARTHQUAKE DATA 

Fault (I.D.) Fault Type 
Approx. Distance 
from Site (miles) 

Maximum Magnitude 
(Mmax) 

San Andreas fault zone  
(Peninsula section) (309) 

Right Lateral Strike Slip 3.7 7.9 

San Gregorio fault zone  
(San Gregorio section) 
(197) 

Right Lateral Strike Slip 4.5 7.0 

 

The governing fault is the San Andreas Fault zone. Refer to Plate IV-1 for the fault map.  
 

9.2 Seismic Hazards/Liquefaction Potential 
 
Potential seismic hazards may arise from three sources: surface fault rupture, ground shaking 
and liquefaction. Since no active faults pass through the site, the potential for fault rupture is 
relatively low.  Based on available geological and seismic data, the possibility of the site to 
experience strong ground shaking is considered high.  
 
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.  Submerged, cohesionless sands and low plasticity silts of low relative 
density are the type of soils which usually are susceptible to liquefaction.   

 
Based on the boring data, there are sporadic medium dense silty sand layers and lenses 
(R-03-001 at Elev. -15 ft and A-11-003 at Elev. -8 ft) mixed in the soft clay zone above Elev. -20 
ft.  These silty sand layers/lenses are subject to liquefaction but do not affect the project design as 
the soft clay above Elev. -20 ft governs the design condition.  The impact of liquefaction 
potential on the overall project design is considered relatively low. 
 
9.3 Seismic Design Criteria 
 
The recommended response spectrum was determined based on the new 2007 Caltrans 
Deterministic PGA Map and the Caltrans ARS Online (Ver. 1.0.4).  The development of the 
design ARS curve is based on several input parameters, including site location 
(longitude/latitude), average shear wave velocity for the top 100 feet (VS30m), and other site 
parameters, such as fault characteristics, site-to-fault distances.  The new design methods 
incorporate both deterministic and probabilistic seismic hazards to produce the Design Response 
Spectrum.   
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Average shear wave velocity (Vs) for the top 100 feet at the site was estimated by using 
established correlations and the procedure provided in the Caltrans Design Manual (Ver. 1.0, 
August 2009). The site location and the relevant parameters are summarized as follows, and the 
recommended design curve is presented on Plate IV-2.  For comparison purposes, ARS curves 
for all governing cases are shown on Plate IV-3. Relative backup information about ARS curve 
is attached in Appendix IV.  
 

1. Site Location: 37.5947ºN/122.5051ºW 
2. Estimated VS30m = 270 m/s 
3. Peak Ground Acceleration = 0.72g 
4. The recommended ARS curve is governed by the 2008 USGS Deaggregation (beta) data. 
5. An adjustment factor for near fault effects were applied to the calculated spectral 

acceleration values. The increase of 20% to the spectral acceleration values corresponds 
to periods longer than 1-second and linearly tapers to zero at a period of 0.5-second. 

6. No adjustments were made for basin effect.  
 

10.0 AS-BUILT FOUNDATION DATA 
 

The as-built foundations consist of tapered steel shell filled with concrete with design load of 32 
Tons per pile.  The as-built tip elevations range between Elev. -20 ft and -26.9 ft.  
 
11.0 FOUNDATION RECOMMENDATIONS 

11.1 General 
 
This report was prepared specifically for the proposed project as described earlier.  Normal 
procedures were assumed for construction of the bridge structure throughout our analysis and 
represent one of the bases of recommendations presented herein.  Our design criteria have been 
based upon the materials encountered at the site.  Therefore, we should be notified in the event 
that these conditions are changed, so as to modify or amend our recommendations. Bridge plans 
should be reviewed by our office prior to finalizing the plans to see that the intent of our 
recommendations is included in the plans.   
 
11.2 Foundation 
 
According to the boring data, the subsurface conditions consist of surficial fill on soft clay 
through about Elev. -20 ft overlying dense to very dense sand followed by very hard clay to 
claystone through Elev. -95 ft.  Due to the soft clay at creek level and potential scour, it is 
preferred to use a foundation system with high stiffness for lateral design. Per discussion with the 
designer, Cast-In-Steel-Shell (CISS) piles were deemed appropriate for the design 
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considerations.  The selected foundation system consists of 30-inch and 48-inch diameter CISS 
piles at the abutments and pier, respectively.  
 
Based on information provided by the designer, the cut-offs for the abutment piles are planned at 
approx. 12.1 ft, and the design of pier piles should consider potential scour of approx. 10.59 ft 
below the existing mud line (at about Elev. 8 ft in the creek).   
 
For the proposed structure, pertinent foundation design information provided by the designer, 
including Foundation Design Data and Foundation Design Loads, are presented in the following 
tables. Based on the load demand and subsoil information, the recommended specified pile tip 
elevations are also shown in the Pile Data Tables per MTD 3-1.   
 

FOUNDATION DESIGN DATA 

Support 
No 

Design 
Method 

Pile Type 
Finish 
Grade 

Elev. (ft) 

Pile 
Cut-off 

Elev. (ft) 

Pile Cap 
Size (ft) 

Permissible 
Settlement 

(in) 

No. of 
Piles per 
Support B L 

Abut 1 WSD CISS 30 x 5/8 21.92 (1) 12.10 4.25 84 1.0 9 

Pier 2 LRFD CISS 48 x 7/8 
8 (mud 

line) 
13.97(2) 6.0 82 1.0 5 

Abut 3 WSD CISS 30 x 5/8 21.50(1) 12.10 4.25 84 1.0 9 
Note: (1) Average FG Elevations at BB or EB. (2) Average Pile Cut-off Elevation. 

 
 

FOUNDATION DESIGN LOADS (provided by Structural Designer) 

Support 
No. 

Service-I Limit State 
(kips) 

Strength Limit State 
(Controlling Group, kips) 

Extreme Limit State 
(Controlling Group, kips) 

Total Load 
Perma-

nent 
Loads 

Compression Tension Compression Tension 

Per 
Support 

Per 
Pile 

Per 
Support 

Per 
Support 

Max. 
Per 
Pile. 

Per 
Support 

Max. 
Per 
Pile. 

Per 
Support 

Max. 
Per 
Pile. 

Per 
Support 

Max. 
Per 
Pile. 

Abut 1 1550 200 1300 N/A N/A N/A N/A N/A N/A N/A N/A 
Pier 2 2550 600 2060 3450 950 0 0 2060 920 0 0 
Abut 3 1750 210 1450 N/A N/A N/A N/A N/A N/A N/A N/A 

 

Consistent with the current Caltrans requirements, Working Stress Design (WSD) is used for the 
abutment foundations and Load and Resistant Factor Design (LRFD) is used for the foundations 
for the piers/bents.  The abutment foundations are evaluated for the foundation design data and 
loading conditions using Caltrans Bridge Design Specifications for foundations based on 
Working Stress Design (WSD) methods. The pier foundations are evaluated for the foundation 
design data and loading conditions using AASHTO LRFD Bridge Design Specifications–4th 
Edition, with California Amendments. The design follows Caltrans MTD 3-1.   
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Based on information provided by the designer, the abutment pile caps/footings are planned at 
about Elev. 12.1 ft.  At Pier 2, the CISS piles will extend to soffit.  For piles at Pier 2, we have 
neglected capacity contribution within the total scour zone.   
 
For piles at the abutments, it is our understanding that, due to limited time for construction in the 
creek area, pile driving at the abutments may have to proceed before the settlement period is 
completed under up to 6 ft of new approach fill. In addition, there could be long term secondary 
consolidation settlement at the site.  Therefore, we have neglected capacity contribution above 
Elev. -20 ft, and potential down drag load due to settlement of the clay was estimated and added 
to the structural demand for piles at abutments.  For the planned 30-inch diameter CISS pile, the 
estimated down drag load is 105 kips based on NAVFAC DM 7.2. The down drag load (105 kips 
per pile) was added to the structural demand (300 kips per pile) for service demand of 405 kips 
(nominal demand 810 kips) to determine the pile tip elevation.   
 
The pile capacity was calculated based on guidelines by American Petroleum Institute (API) 
publication “Recommended Practice for Planning, Designing and Constructing Fixed Offshore 
Platforms – Working Stress Design” (API RP 2A-WSD, 2002).  We also used APILE Program 
and adopted the discussion in the program manual (Ensoft, Inc.).  The method utilizes a K factor 

(K=0.8) for cohesionless soil, and  factor for cohesive soil where  is a function of undrained 
shear strength and effective overburden.  End bearing is only along the annular ring.  Detailed 
calculations are attached in Appendix IV of the report.  The recommended minimum pile 
spacing is three times the pile diameter (3D).   
 
Based on the load demand and subsoil information, the recommended specified pile tip 
elevations are shown in the following tables per MTD 3-1. Note that the Down Drag load is also 
added to the “Nominal Driving Resistance Required” (last column of the table) since resistance 
within the soft clay zone will be present during pile driving.  At Pier 2, the “Nominal Driving 
Resistance Required” reflects the resistance within the scour zone. 
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FOUNDATION RECOMMENDATIONS FOR ABUTMENTS 

Support Pile Type 
Cut-off 
Elev.  
(ft) 

LRFD Service-I 
Limit State Load 

(kips)  
per Support 

LRFD 
Service-I Limit 

State Total 
Load (kips)  

per Pile1 
(Compression) 

Nominal 
Resistance 

(kips) 

Design 
Tip Elev. 

(ft) 

Specified 
Tip 

Elev. 
(ft) 

Nominal 
Driving 

Resistance 
Required2 

(kips) Total 
Perma-

nent 

Abut 1 
CISS 30 

x 5/8 
12.1 1550 1300 405 810 

-53.0 (a) 
-41.0 (b) 

-53.0 915 

Abut 3 
CISS 30 

x 5/8 
12.1 1750 1450 405 810 

-63.0 (a) 
-41.0 (b) 

-63.0 915 

Design tip elevations are controlled by (a) compression, (b) lateral  
1 Service Demand = 300 kips (Structural Load) + 105 kips (Down Drag)  
2 Nominal Driving Resistance Required = Nominal Resistance + Down Drag  
 
 

FOUNDATION RECOMMENDATIONS FOR BENT 

Support 
Location 

Pile Type 
Cut-off 
Elev.  
(ft) 

Service-I 
Limit 
State 
Load 

(kips) per 
Support 

Total 
Permiss- 

ible 
Support 

Settlement 
 (in.) 

Required Factored Nominal 
Resistance (kips) 

Design 
Tip Elev. 

(ft) 

Specified 
Tip Elev. 

(ft) 

Nominal 
Driving 

Resistance 
Required1 

(kips) 

Strength Limit Extreme Event 

Comp. 
(=0.7) 

Ten. 
(=0.7) 

Comp. 
(=1) 

Ten. 
(=1) 

Pier 2 
CISS 48 

x 7/8 
13.97 N/A 1.0 950 0 920 0 

-60.0 (a-I) 
-52.0 (b) 

-60.0 1384 

Design tip elevations are controlled by: (a-I) Compression (Strength Limit), (b) Lateral Load. 
1 Nominal Driving Resistance Required = Nominal Resistance (950 kips/0.7)+Resistance in Scour Zone (24 kips) 
 

PILE DATA TABLE 

Location Pile Type 

Nominal Resistance (kips)1 
Design  

Tip Elev. (ft) 

Specified 
Tip Elev. 

(ft) 

Nominal 
Driving 

Resistance2 
(kips) 

Compression Tension 

Abut 1 CISS 30 x 5/8 810 0 -53.0 (a); -41.0 (b) -53.0 915 

Pier 2 CISS 48 x 7/8 1360 0 -60.0 (a); -52.0 (b) -60.0 1384 

Abut 3 CISS 30 x 5/8 810 0 -63.0 (a); -41.0 (b) -63.0 915 

Design tip elevations for Abutments & Pier are controlled by (a) Compression; (b) Lateral Loads 
1Nominal Resistance of abutment pile includes structural load and Down Drag load 
2 For abutment piles, Nominal Driving Resistance = Nominal Resistance + Down Drag Load above Elev. -20 ft  

  2 For pier piles, Nominal Driving Resistance = Nominal Resistance + Resistance in Scour Zone 

 
Additional discussions about construction of CISS piles are provided in “Construction 
Considerations” section of the report.   
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11.3 Lateral Pile Capacity 
 
The following parameters are provided for lateral load analysis of large diameter CISS piles 
using LPILE Program.  It is recommended that Caltrans latest Bridge Design Specifications be 
referenced in performing the seismic/lateral analysis while considering the scour condition.  To 
account for group effect, reference is made to AASHTO LRFD Specifications with California 
Amendments (Section 10.7.2.4 – Page 10-84A) for determination of the p-multiplier, which is a 
function of pile size and pile spacing.  Different values of p-multiplier are expected for 
longitudinal and transverse directions.  The following tables present LPILE parameters for 
Abutments 1 & 3, and Pier 2. 
 

Abutment 1 

Approx. Elev. (ft) 
Generalized Soil 

Profile 
LPILE 

Soil Type 
Soil Strength 

Effective 
Unit Wt. (pcf) 

 15 to 11 Stiff Clay Stiff Clay w/o Water C = 1500 psf 120 

11 to 6 Stiff Clay Stiff Clay w/o Water C = 1500 psf 58 

6 to -5 Soft Clay Soft Clay (Matlock) C= 400 psf 30 

-5 to -20 Soft Clay Soft Clay (Matlock) C= 450 psf 40 

-20 to -45 Dense Sand Sand (Reese)  = 40 68 

Below -45 
Hard Clay to 

Claystone 
Silt (c- soil) 

c = 4000 psf 
 = 30 68 

 For K and E50, use default values in LPILE Program 

Pier 2 

Approx. Elev. (ft) 
Generalized Soil 

Profile 
LPILE 

Soil Type 
Soil Strength 

Effective 
Unit Wt. (pcf) 

8 to -2 Soft Clay Scour Zone 

-2 to -5 Soft Clay Soft Clay (Matlock) C= 400 psf 30 

-5 to -20 Soft Clay Soft Clay (Matlock) C= 450 psf 40 

-20 to -52 Dense Sand Sand (Reese)  = 40 68 

Below -52 
Hard Clay to 

Claystone Silt (c- soil) 
c = 4000 psf 
 = 30 68 

 For K and E50, use default values in LPILE Program 
 

Abutment 3 

Approx. Elev. (ft) 
Generalized Soil 

Profile 
LPILE 

Soil Type 
Soil Strength 

Effective 
Unit Wt. (pcf) 

16 to 11 Stiff Clay Stiff Clay w/o Water C = 1500 psf 120 

11 to 6 Stiff Clay Stiff Clay w/o Water C = 1500 psf 58 

6 to -5 Soft Clay Soft Clay (Matlock) C= 400 psf 30 

-5 to -12 Soft Clay Soft Clay (Matlock) C= 450 psf 40 

-12 to -19 
Liquefiable Sand; 
model as Soft Clay 

Soft Clay C= 300 psf 40 
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-19 to -57 Dense Sand Sand (Reese)  = 40 68 

Below -57 
Hard Clay to 

Claystone Silt (c- soil) 
c = 4000 psf 
 = 30 68 

 For K and E50, use default values in LPILE Program 
 

11.4 Lateral Earth Pressures 
 
Abutment retaining walls should be designed to resist the following Applied Lateral Earth 
Pressures and live load.  These values assume no hydrostatic pore pressure buildup behind the 
wall and are based on well-drained backfill behind the walls supported in native soil.     
 
Applied Lateral Earth Pressure 
 
Active Condition 36 pcf Equivalent Fluid Pressure (EFP) for engineered backfill. 
At-Rest Condition 55 pcf Equivalent Fluid Pressure (EFP) for engineered backfill. 
Passive Resistance 5 ksf (ultimate) for seismic design of the abutment backwall (5.5 feet high 

or greater); for activated height less than 5.5 feet modify proportionally, i.e. 
5×(H/5.5) ksf.  A minimum lateral wall movement of 2% of wall height to 
mobilize the full ultimate passive pressure is required. 

 

Cantilever walls which are free to rotate at least 0.004 radian may be assumed flexible for the 
active condition.  Walls that are not capable of this movement should be assumed rigid and 
designed for the at-rest condition.  The effect of any surcharge (dead, live, or traffic load) should 
be added to the preceding lateral earth pressures.  A coefficient of 0.3 and 0.5 may be used to 
determine the additional earth pressure resulting from the surcharge for active and at-rest 
conditions, respectively.   
 
11.5 Embankment Settlement & Wick Drain 
 
Per information provided by the designer, the anticipated embankment height is up to 6 ft at the 
approaches.  Due to deep soft clays, consolidation settlements tend to be excessive for the project 
design and need to be mitigated.  Prefabricated vertical drain (wick drain) system is 
recommended to expedite the consolidation settlement.  It is recommended that wick drains be 
used for new embankment over 2 ft high and extend to Elev. -20 ft.   
 
Consolidation settlement evaluation under the new fill was based on the laboratory consolidation 
test results and correlations presented in geotechnical literatures.  For analysis purposes, 
groundwater was assumed at Elev. 11 ft.  A generalized soil profile with undrained shear 
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strength (Su) and effective overburden (v’) is presented in “Consolidation Settlement” in 
Appendix IV of the report.   
 
The soft clay at site appears to be generally normally consolidated (NC).  The laboratory 
consolidation data (Cc/1+e0, Pp & Cv) are in agreement with geotechnical literatures and 
references.  The Pp may be correlated to laboratory strength data and Su/p ratio per Skempton 
(1957) and Wood (1990).  The modified compression index (Cc/1+e0) can be correlated to 
natural moisture content of the soil as established by Lambe and Whitman (1969).  At the site, 
the materials between Elev. 2 and -5 ft tends to contain organics with high moisture content 
(typically 100% to 200%+).  This layer governs the settlement rate of the project. 
 
Based on the analysis, the total anticipated primary consolidation settlement is on the order of 9 
inches under the planned 6 ft of new fill.  Due to the very soft and organic nature, we have 
evaluated the use of wick drain installed at different spacing to expedite primary consolidation 
settlement in about 90 days with an additional surcharge of 2 ft.  For information, the settlement 
rate with wick drain but no additional surcharge is also shown in Appendix IV.   
 
References were made to Terzaghi, Peck and Mesri (1996, Soil Mechanics in Engineering 
Practice, 3rd edition) in calculating the time factor, degree of consolidation, and settlement rate 
for the wick drain system.  For the soft clay, we considered the consolidation rate based on radial 
drainage from the wick drains only.  The rate of vertical drainage is negligible from a practical 
construction standpoint.  It is recommended that the wick drains be installed at 2 ft on centers, 
and to min. Elev. -20 ft.  A waiting period of 90 days with additional 2 ft of surcharge is 
recommended for construction prior to pavement construction.  During the earthwork, settlement 
monitoring should be implemented in accordance with California Test Method 112. Detailed 
calculation of settlement rate is attached in “Settlement Rate Evaluation with Wick Drain” in 
Appendix IV. 
 
Based on discussion with the designer, it is our understanding that due to limited time available 
for construction in the creek area, pile driving at the abutments may have to proceed before the 
settlement period is complete. Due to the anticipated ground settlement, pile driving should not 
proceed until verified by geotechnical engineer.  The remaining settlement at that point and the 
impact on the abutment should be examined. Excessive settlement is likely to cause abutment 
tilt. In addition, there could be long term secondary consolidation settlement at the site. 
Therefore, we have considered Down Drag load as part of the service demand in foundation 
design for abutment piles.   
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The installation of wick drain system typically requires a layer of granular fill at the surface and 
horizontal drain strips to carry the water away.  This system will generate groundwater at the 
surface.  This water should be collected and tested at the time of construction to see if it meets 
with the environmental requirements.  Additional treatment may be necessary to comply with the 
disposal requirements.  
 
In addition to the primary consolidation settlement, some residual settlement due to secondary 
consolidation after completion of the primary consolidation is anticipated.  At the approaches, 
the estimated secondary long term settlement may be up to one inch over a range of 
approximately 10 to 30 years.  These settlements need to be accounted for in a regular roadway 
maintenance program. 
 

12.0 NOTES TO DESIGNER 
 
The design loads were provided by the designer.  Should the loads exceed the ones provided in the 
tables given in this report, the Geotechnical Engineer must be contacted for further 
recommendations.  
 
13.0 CONSTRUCTION CONSIDERATIONS 

13.1 General 
 
To a degree, the performance of any structure is dependent upon construction procedures and 
quality. Hence, observation of grading operations should be carried out by the responsible 
Agency. If the encountered subsurface conditions differ from those forming the basis of our 
recommendations, this office should be informed in order to assess the need for design changes.  
Therefore, the recommendations presented in this report are contingent upon good quality 
control and these geotechnical observations during construction. 
 
13.2 Construction of CISS Piles 
 
The inside of the CISS pile should be drilled out and replaced with rebar cage and concrete to 
meet structural design requirements.  Caltrans Standard Special Provisions for CISS piles are 
recommended.  The depth of interior cleaning and concrete replacement will depend on the 
structural demands.  We recommend that a minimum of 8 ft of the soil plug be left in the bottom 
portion of the shell to minimize the need for dewatering.  In addition, a minimum 3 ft thick layer 
of seal course should be used inside the steel shell to facilitate pile construction.  The 
recommended minimum wall thickness for the proposed 30-inch and 48-inch diameter CISS 
piles are 5/8 inch and 7/8 inch, respectively.   The contractor should select proper pile driving 
hammer and equipment for the pile driving.   
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Due to the dense to very dense sand layers and very hard clay to claystone, hard driving 
conditions should be anticipated.  It is anticipated that the pile capacity will develop after driving 
as a result of soil “freeze” and dissipation of excess pore water pressures.  The gain of pile 
capacity after initial driving may be evaluated based on “redriving” after 24-hour (minimum) 
set-up.   
 
In the event that unanticipated pile driving conditions are encountered, it is recommended that a 
Pile Driving Analyzer (PDA) be used to evaluate the pile capacity.  Typical applications of the 
PDA include capacity evaluation for both during driving and re-striking.   
 
Pile driving should be allowed to terminate short of the specified tip elevation provided that 
either one of the following conditions are satisfied:  
 

 Other requirements such as lateral demands are met; 

 Practical pile refusal within 5 feet above the specified tip elevation, which may be 
considered acceptable and cut off at the option of the contractor. 
 

Drivability Analysis.  Drivability analysis was performed for a 4-ft diameter CISS pile at Pier 2 
using GRLWEAP program.  We assumed the use of Delmag D46 hammer.  The analysis results 
are attached in Appendix IV.  Based on the analysis, the anticipated maximum stress due to 
driving is on the order of 20 ksi, which is tolerable for the steel pile. 

 
14.0 ROADWAY SECTIONS 
 
The design of roadway pavement sections should consider both native soil and imported 
fill/embankments.  Based on the R-value test of an on-site representative sample (which yielded an 
R-value or over 40), it is recommended that the roadway design be governed by an R-value of 15, 
which is typically required for import material.  
 
15.0 INVESTIGATION LIMITATIONS 
 
Our services consist of professional opinions and recommendations made in accordance with 
generally accepted geotechnical engineering principles and practices and are based on our site 
reconnaissance and the assumption that the subsurface conditions do not deviate from observed 
conditions.  All work done is in accordance with generally accepted geotechnical engineering 
principles and practices.  No warranty, expressed or implied, of merchantability or fitness, is made 
or intended in connection with our work or by the furnishing of oral or written reports or findings. 
The scope of our services did not include any environmental assessment or investigation for the 
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presence or absence of hazardous or toxic materials in structures, soil, surface water, groundwater 
or air, below or around this site. Unanticipated soil conditions are commonly encountered and 
cannot be fully determined by taking soil samples and excavating test borings; different soil 
conditions may require that additional expenditures be made during construction to attain a 
properly constructed project. Some contingency fund is thus recommended to accommodate these 
possible extra costs. 

This report has been prepared for the proposed project as described earlier, to assist the engineer in 
the design of this project. In the event any changes in the design or location of the facilities are 
planned, or if any variations or undesirable conditions are encountered during construction, our 
conclusions and recommendations shall not be considered valid unless the changes or variations 
are reviewed and our recommendations modified or approved by us in writing. 

This report is issued with the understanding that it is the designer's responsibility to ensure that the 
information and recommendations contained herein are incorporated into the project and that 
necessary steps are also taken to see that the recommendations are carried out in the field. 

The findings in this report are valid as of the present date. However, changes in the subsurface 
conditions can occur with the passage of time, whether they are due to natural processes or to the 
works of man, on this or adjacent properties. In addition, changes in applicable or appropriate 
standards occur, whether they result from legislation or from the broadening of knowledge. 
Accordingly, the findings in this report might be invalidated, wholly or partially, by changes 
outside of our control. 

Respectfully submitted, 
PARIKH CONSULTANTS, INC. 

v u CU~Dzi '():fts' '2 
Y. David Wang, Ph.D., P.. . 911 
Senior Engineer 

S:\Ongoing Projects\DW\202149.10 FOUNDATION REPROT-SAN PEDRO CR.K 
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f- -so 
--hard drilling 

CLAYSTONE/SHALE, mottled gray ond brown, highly S~NDY SIP (WL}, hard, gray, moist, low plasticity, some 
-60- 10-21-11 weathered, fractured f1ne gro1ned sand f- -60 

Terminated at El =-5o4 ft 
3-19-20~3 ~ Hammer Energy Ratio (ERi)=60X Terminated o El =-57 ft 

l-lommer Energy Ratio {ERi)=60X LEAN CLAY jCL}, hard mottled 'ray and brown, 
-70 - moist, med1um plos+icity, 1 it le fine grained sand, 

f- -70 I~ trace subrounded grovel up to 0.8" 

I Notes: --hard 
-80 - Standard Penetration Test Sompler: J.D. = 1 .4"; f- -80 ~ O.D. = 2" Modified Colifornio Sompler: J.D.= 

2.5"; 0.0. = 3" Hemmer Assembly: A 140 lb CLAYEY SAND (SCJ, verJ dense, mottled brown, moist, fine 
hammer with a 30" drop (Automotic Hemmer) to medium, ,gromed, ew coarse grained sand 

--hard dnll mg 
-90 - This LOTB sheet wos prepored in accordance f- -90 

with the Caltrans Soil & Rock, Logging, CLAYSTONE, mottled brown and gray, highly 

~ Classification, and Presentation Manual (2010) weathered, fractured 

-100 - ~-18-2003 f- -100 
Termmoted at El =-95 ft I~ 

Hammer Energy Ratio (ERi )=60% PROFILE 

I vert. : 1" = 10' 
"A1" LINE HOI". : 1" = 25' 

23+00 2-4+00 25+00 ~ 22+00 

1 ........ 

~~~ 
PREPARED FDR THE SAN PEDRO CREEK BRIDGE (REPLACE) D. "~·~;•• STATE OF CALIFORNIA DAVID WANG ...... """"""'' PRO..ECT ENC»>EER ' IO<EO<EOOV lo. WANG DAn:: MARCH 2003 ~ OCTOBER 2011 DEPAITIEIIT OF IUIIIPOITATIOI 40.83 LOG OF TEST BORINGS 1 OF 2 
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REFERENCE: CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010) 

DESCRIPTION 

WEAK 

MODERATE 

STRONG 

BOREHOLE IDENTIFICATION 

SYMBOL HOLE DESCRIPTION TYPE 

8 A AUGER BORING (HOLLOW OR SOLID STEM 
BUCKET) 

~ 
R ROTARY DRILLED BORING (CONVENTIONAL) 
RW ROTARY DRILLED WITH SELF-CASING WIRE-LINE 
RC ROTARY CORE WITH CONTINUOUSLY-SAMPLED, SELF-CASING WIRE-LINE 
p ROTARY PERCUSSION BORING (AIR) 

~ R ROTARY DRILLED DIAMOND CORE 

[!] HD HAND DRIVEN (l-INCH SOIL TUBE) 
HA HAND AUGER 

• D DYNAMIC CONE PENETRATION BORING 

... CPT CONE PENETRATION TEST (ASTM D 5778) 

r, 
0 OTHER (NOTE ON LOTB) L.J 

Note: Size in inches. 

CASING DRIVEN •v• .. m ~·~·~:~:.@ 
BLOWS PER 12" --30 
(USING 28 I b HAND 
HAMMER WITH A 1 2" 

SPT N-VALUE 
(PER ASTM 1586-99), 
P = PUSH SAMPLE, 
OR AS NOTED 

BORING DATE 
TERMINATED AT Elev 

HAMMER ENERGY RATIO (ER 1) = 

ROTARY BORING 

DROP OR AS NOTED) p 

PULLED PIPE< 
60 
p 

500 
REFUSAL 

BORING DATE 
TERMINATED AT E I ev 

HAND BORING 

CEMENTATION 

CRITERIA 

CRUMBLES OR BREAKS WITH HANDLING OR 
LITTLE FINGER PRESSURE. 

CRUMBLES OR BREAKS WITH CONSIDERABLE 
FINGER PRESSURE. 

WILL NOT CRUMBLE OR BREAK WITH FINGER 
PRESSURE. 

PLANS APPROVAL DATE 

THE STATE OF CALIFONNIA OH ITS OFFICERS 
OR AGENTS SHALL NfJT 8£ RESPONSIBLE FOR 
THE ACCURACY OR COIIPlETENESS OF SCANNED 
COPIES OF THIS PLAN SHEET. 

CONSISTENCY OF COHESIVE SOILS 

SHEAR STRENGTH POCKET 
DESCRIPTION PENETROMETER (tsf) MEASUREMENT, PP, (tsf) 

VERY SOFT LESS THAN 0.12 LESS THAN 0.25 

SOFT 0.12 - 0.25 0.25 - 0.5 

MEDIUM STIFF 0.25 - 0.5 0.5 - 1 

STIFF 0.5- 1 1 - 2 

VERY STIFF 1 - 2 2 - 4 

HARD GREATER THAN 2 GREATER THAN 4 

TERMINATED AT Elev 

DYNAMIC CONE PENETRATION BORING 

TORVANE 
MEASUREMENT, TV, (tsf) 

LESS THAN 0.12 

0.12 - 0.25 

0.25 - 0.5 

0.5 - 1 

1 - 2 

GREATER THAN 2 

PRESSURE MEASURED 
ALONG SLEEVE FRICTION 
ELEMENT (34.88 SQUARE 
INCHES AREA) DIVIDED 
BY PRESSURE MEASURED 
ON TIP ELEMENT. 

VANE SHEAR 
MEASUREMENT, VS, (tsf) 

LESS THAN 0,12 

0.12 - 0.25 

0.25 - 0.5 

0.5 - 1 

1 - 2 

GREATER THAN 2 

HOLE J.D. 

6 4 2 
FRICTION RATIO (X) TIP BEARING (tsf) 

BORING DATE 
TERMINATED AT Elev 

CONE PENETRATION TEST ICPTJ BORING 

STATE OF CALIFORNIA 
DEPARTMENT OF TRANSPORTATION 

LEGEND 
CSHEET 

- SOIL 
1 OF 2) 

NO SCALE 
A10F 

N 
0 .... 
0 
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I 1 
REFERENCE: CAL TRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (201 0) 

GROUP SYMBOLS AND NAMES 
GRAPHIC/SYMBOL I GROUP NAMES GRAPHIC/SYMBOL .•. 
~· GW WELL-GRADED GRAVEL 
•.•: WELL-GRADED GRAVEL WITH SAND 

ego~ POORLY-GRADED GRAVEL 
coo GP // 
o0 ~.~: POORLY-GRADED GRAVEL WITH SAND // 

WELL-GRADED GRAVEL WITH SILT 
GW-GM 

WELL -GRADED GRAVEL WITH SILT AND SAND 

tskLsf~l-fEcPLAGY~AVEL WITH CLAY 

GW-GC tskLsfN-fEcPLAGrAVJDL sWlJ~) CLAY AND SAND / 

.. g~~~ I POORLY-GRADED GRAVEL WITH SILT b GP-GM 
o

0 
POORLY-GRADED GRAVEL WITH SILT AND SAND 

rg~ I rB~RML-.PfAcPLEfy)GRAVEL WITH CLAY 
;;' • GP-GC POORLY-GRADED GRAVEL WITH CLAY AND 

0 " SAND (OR SILTY CLAY AND SAND) 

SILTY GRAVEL 
GM 

SILTY GRAVEL WITH SAND 

CLAYEY GRAVEL 
GC 

CLAYEY GRAVEL WITH SAND 

b" GC-GM SILTY, CLAYEY GRAVEL 111 
. . . . SILTY, CLAYEY GRAVEL WITH SAND 

•. • • WELL-GRADED SAND 

~: •· ~ SW WELL-GRADED SAND WITH GRAVEL 

~ .. ~. 
~ •• A 

. ·. ·/. 

SP 
POORLY-GRADED SAND 

POORLY-GRADED SAND WITH GRAVEL 

WELL-GRADED SAND WITH SILT 

WELL-GRADED SAND WITH SILT AND GRAVEL 

t6kLsftl-fEcPLASY~ND WITH CLAY 
SW-SC I WELL-GRADED SAND WITH CLAY AND GRAVEL 

(OR SILTY CLAY AND GRAVEL) 

. · SP-SM ·.T, j:l I POORLY-GRADED SAND WITH SILT 

: :: POORLY-GRADED SAND WITH SILT AND GRAVEL 

POORLY-GRADED SAND WITH CLAY 
(OR SILTY CLAY) 

SP-SC h~~ettf~tD~fL fyANcPLAwprN5L&~A~~e) 
SILTY SAND 

SM 
SILTY SAND WITH GRAVEL 

CLAYEY SAND ~ ~ sc 
CLAYEY SAND WITH GRAVEL ~ 

SILTY, CLAYEY SAND » 
"-"' SIL TV, """ '""' WITH """ l 

r~~J PT 1 PEAT ~ 
~~· ~ 

00~~ ~ 
COBBLES AND BOULDERS ~ 
BOULDERS r~ 

CL 

CL-ML 

ML 

OL 

OL 

CH 

MH 

OH 

OH 

OL/OH 

GROUP NAMES 

LEAN CLAY 
LEAN CLAY WITH SAND 
LEAN CLAY WITH GRAVEL 
SANDY LEAN CLAY 
SANDY LEAN CLAY WITH GRAVEL 
GRAVELLY LEAN CLAY 
GRAVELLY LEAN CLAY WITH SAND 

SILTY CLAY 
SILTY CLAY WITH SAND 
SILTY CLAY WITH GRAVEL 
SANDY S!L TY CLAY 
SANDY SILTY CLAY WITH GRAVEL 
GRAVELLY SILTY CLAY 
GRAVELLY SIL TV CLAY WITH SAND 

SILT 
SILT WITH SAND 
SILT WITH GRAVEL 
SANDY SILT 
SANDY SILT WITH GRAVEL 
GRAVELLY SILT 
GRAVELLY SILT WITH SAND 

ORGANIC LEAN CLAY 
ORGANIC LEAN CLAY WITH SAND 
ORGANIC LEAN CLAY WITH GRAVEL 
SANDY ORGANIC LEAN CLAY 
SANDY ORGANIC LEAN CLAY WITH GRAVEL 
GRAVELLY ORGANIC LEAN CLAY 
GRAVELLY ORGANIC LEAN CLAY WITH SAND 

ORGANIC 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 

FAT CLAY 
FAT CLAY WITH SAND 
FAT CLAY WITH GRAVEL 
SANDY FAT CLAY 
SANDY FAT CLAY WITH GRAVEL 
GRAVELLY FAT CLAY 
GRAVELLY FAT CLAY WITH SAND 

ELASTIC SJL T 
ELASTIC SILT WITH SAND 
ELASTIC SILT WITH GRAVEL 
SANDY ELASTIC SJL T 
SANDY ELASTIC SILT WITH GRAVEL 
GRAVELLY ELASTIC SILT 
GRAVELLY ELASTIC SILT WITH SAND 

ORGANIC FAT CLAY 
ORGANIC FAT CLAY WITH SAND 
ORGANIC FAT CLAY WITH GRAVEL 
SANDY ORGANIC FAT CLAY 
SANDY ORGANIC FAT CLAY WITH GRAVEL 
GRAVELLY ORGANIC FAT CLAY 
GRAVELLY ORGANIC FAT CLAY WITH SAND 

ORGANIC ELASTIC SILT 
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 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 

I 

FIELD AND LABORATORY 
TESTING 

0 CONSOLIDATION (ASTM D 2435) 

@ COLLAPSE POTENTIAL (ASTM D 5333) 

@ 

@ 

@ 

@ 

@ 

® 
@ 

0 
@ 

@ 

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-Y. (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) 

@) PRESSURE METER 

0 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 @ (ASH4 D 2166) 
UNCONFINED COMPRESSION-ROCK 
(ASTM D 2938) 

@ UNCONSOLIDATED UNDRAINED 
TRIAXIAL (ASTM D 2850) 

® UNIT WEIGHT (ASTM D 4767) 

APPARENT DENSITY OF COHESIONLESS SOILS 

DESCRIPTION SPT N6o (BLOWS I 12 INCHES) 

VERY LOOSE 0 - 5 

LOOSE 5 - 10 

MEDIUM DENSE 10 - 30 

DENSE 30 - 50 

VERY DENSE GREATER THAN 50 

MOISTURE 

DESCRIPTION I CRITERIA 

DRY I NO DJSCERNABLE MOISTURE 

MOIST I MOISTURE PRESENT, BUT NO FREE WATER 

WET I VISIBLE FREE WATER 

PERCENT OR PROPORTION OF SOILS 

DESCRIPTION 

TRACE 

FEW 

LITTLE 

SOME 

MOSTLY 

CRITERIA 

PARTICLES ARE PRESENT BUT ESTIMATED TO 
BE LESS THAN 5Y. 

5Y.- lOY. 

15Y.- 25Y. 

30Y. - 45Y. 

50:1.- 100:1. 

PARTICLE SIZE 
DESCRIPTION SIZE 

BOULDER GREATER THAN 12" 

COBBLE 3"- 12" 

%"- 3" 
GRAVEL I COARSE 

FINE 1/5"- 1'4" 
Vis"- 1/5" 

SAND V&~"- Vis" 
11300"- V64" 

SILT AND CLAY LESS THAN 1 /300" 

STATE OF CALIFORNIA 
DEPARTMENT OF TRANSPORTATION 

LEGEND - SOIL 
(SHEET 2 OF 2) 

NO SCALE 
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APPENDIX III 

LABORATORY TESTS

Classification Tests 

The field classifications of the samples were visually verified in the laboratory according to the Unified Soil 
Classification System.  The results are presented on “Log of Test Borings”, Appendix II. 

Moisture-Density 

The natural moisture contents and dry unit weights were determined for selected undisturbed samples of the soils in 
general accordance with ASTM Test Method D 2216-92.  This information was used to classify and correlate the 
soils.  The results are presented on Plate No: III-2A and Plate No: III-2B. 

Atterberg Limits 

The Atterberg Limits were determined for selected samples of the fine-grained materials. These results were used to 
classify the soils, as well as to obtain an indication of the effective strength characteristics and expansion potential 
with variations in moisture content. The Atterberg Limits were determined in general accordance with ASTM Test 
Method D 4318-93. The results of these tests are presented on Plate No: III-3, “Plasticity Chart”. 

Grain Size Classification 

Grain size classification tests (ASTM Test Method D422-63) were performed on selected samples of granular soil to 
aid in the classification. The results are presented on Plate No: III-4A and Plate No: III-4B, “Grain Size Distribution 
Curves”. 

Unconfined Compression Tests

Strength tests were performed on selected undisturbed samples using unconfined compression machine.  
Unconfined compression tests were performed in general accordance with ASTM Test Method D 2166-00. 
The results are presented on "Log of Test Borings", Plate No: III-3. 

Corrosion Test 

Corrosion tests were performed on selected samples to determine the corrosion potential of the soils. The pH and 
minimum resistively tests were performed according to California Test Method 643. The tests were performed by 
Sunland Analytical. The test results are presented on Plate No: III-5. 

Chemical Analysis of Water Sample 

Chemical Analysis was performed on a water sample obtained in Boring A-11-003 (at 19 ft depth). The test was 
performed by Sunland Analytical. The test result is presented on Plate No: III-6. 

PARIKH CONSULTANTS, INC. 
GEOTECHNICAL CONSULTANTS 
MATERIALS TESTING

SAN PEDRO CREEK BRIDGE (REPLACE) 
SAN MATEO COUNTY, CALIFORNIA 

JOB NO.: 2002-149.PSE PLATE NO.: III-1A 



APPENDIX B 

LABORATORY TESTS
(Continued)

Consolidation Tests 

Consolidation tests (ASTM Test Method D 2435) were performed on selected samples to aid in the classification. The 
results are presented on Plate No: III-7A through Plate No: III-7E. 

R-value Tests 

R-value test was performed on selected bulk sample. The test was performed according to California Test 
Method 301. The test result is presented on Plate No: III-8.

PARIKH CONSULTANTS, INC. 
GEOTECHNICAL CONSULTANTS 
MATERIALS TESTING

SAN PEDRO CREEK BRIDGE (REPLACE) 
SAN MATEO COUNTY, CALIFORNIA

JOB NO.: 2002-149.PSE PLATE NO.: III-1B 













PLATE NO: III- 5A

20 gm of sample. Add 40 mls of distilled water or enough water to cover soil1/2". 
wait 10 min, stir again before immersing electrode to take reading. (Always clean 

n.ar.al"''lrnor'I.O. with TAP WATER ONLY.) . 

Minimum Resistivity of a Soil Sample .. 

Use 300 gm soil sample passing #8 sieve. For dry sample run resistivity tests after adding, 
5 ml, 30 ml, 30 ml, and than go up in 15 ml increments respectively. If wet 

is used, then go up in 15 ml increments until minimuum resistivity'" is reached. 

Meter Reading (ohms) 

3.0 X lK 

3.2 X lK 

X 
X 
X 
X 

Meter Reading (ohms) 

X 
X 
X 
X 
X 
X 

Water added (mls) 

30 rn/s 

32 rn/s 

Water added (mls) 



PLATE NO: III- 5B

12/ 16/ 2011 12:28 FAX 9168528558 

Sunland Analytical 
11353 Pyrjtes Way, Suite 4 

Rancho Cordova, CA 95670 
(916) 852-8557 

~002 

Date Reported 
Date Submitted 

12/ 16/2011 
12/13 / 2011 

To: Prav Dayab 
Parikh Consultants, Inc. 
23GO Qume Dr, Ste .A 
San Jose , CA 95131 

From: GGne Oliphant, Ph.D. \ Randy B.orney/.t.-tf 
General Manager \ Lab Manager \ 

The report ed analysis was requested for the following location: 
Location: 2007 - 149- 010/ S .PADRO Site ID : A- 11-003 ® 10'. 

Thank you for your business . 

• For future reference to thio analysis please use SON# 61494 - 126387. 

BVALOATIOK FOR SOIL CORROSION 

Soil pB. 6.21 

Minimum Resistivity 1 .37 ohm-em (xlOOO) 

Chl oride 76.0 ppm 00 .00760 % 

sulfate 81.3 ppm 00 .00813 % 

METHODS 
pH and Min.Resistivity CA DOT Test 1643 
Sulfate CA DO'l' 'l'est #417, Chloride CA DOT Test #422 



PLATE NO: III- 6

11/ 04 / 2011 13:25 FAX 9168528558 

Sunland Analytical 

To: Prav D~yah 
Parikh Consultants, Inc . 
2360 Qume Dr, Ste .A 
San Jose, CA 95131 

J 1353 Pyrites Way, Suite 4 
Rancho Cordova, CA 95670 

(916) 852-8557 

From! Gene Oliphant, Ph.D. \ Randy Horne~ 
General Manager \ Lab Manager \ 

The reported analysia was requested for the following : 
Location: 2002 - 149-APC/S . P . CRK Site ID: WATER® 19'. 

Thank you for your business. 

~001 

Date Reported 11/04/2011 
Date Submitted 11/01/2011 

* For future refer ence to t his analysie plea~e use SUN# 61290-125952. 

pli 
Conductivity 
Tot.Dissol ved Salts 
Total Hardness 
Total Alkalinity 
TUrbidity 
Langel ier Index 

AGRICULTURAL WATER ANALYSIS 

Values 
Deten:tined 

6 . 78 
1.48 mmho/cm 

947 . 20 ppm 
25.37 mg equiv CaC03 / L 
770 . 74 ppm CaC03 

83.60 NTU (xlOO) 
- 11.52 @ 2 0 cleg. c 

SPECIFIC CHEMICAL ANALYSIS 

Nitrate 1.65 ppm 
Sulfate 1 . 24 pptn 
Chloricle 152.60 ppm 
ca1chun 69.85 pptn 
Magn e sium 48 . 91 PPln 
Potassium 14.42 ppm 
Sodium 144.68 ppm 
Copper 0 . 01 ppm 
:rron 1. OS ppm 
Manganese 0.60 ppm 
Zinc < .01 ppm 

L~~s !.f,v 'I~'f 

!- - z.D 

1.J :, l ~ ~ ~~r.:5$:A. 



PLATE NO: III- 7A

R-03-001 @ 16'



PLATE NO: III-7B
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PLATE NO: III-7C

R-03-002 @21'



PLATE NO: III-7D
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PLATE NO: III-7E

A-11-003



PLATE NO: III-8

Location I Source: 

Material: 

c;::-
1/) 
0. -w 

0::: 
::> 
(/) 
(/) 
w 
0::: 
a. 
z 
0 
Ci) 
z 
< a. 
>< w 

Comments: 

Lean 

150 

140 

130 

120 

110 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 
800 

Date: 

ect #: 

Lab #: 

Onsite I Native 

with Gravel, brown 

\ 
-+-R-VALUE \ 
- EXP. PRESS. \ 

4~ 

............... 
~ ~ 

" \ 1\ 
\ \ 
1\ \ 
\ ,_ 

700 600 500 400 300 200 

EXUDATION PRESSURE (psi) 

48 

1117/11 

2002-149-PSE 

M836 

100 

90 

80 

70 

60 
w 
:;:) 

50 ..J 

~ 
I 

40 tt: 

30 
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APPENDIX IV 



ARS Curve & Backup Data 
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Site Information Recommended Response Spectrum

Latitude: 37.5947

Longitude -122.5051

VS30 (m/s) = 270

Z 1.0 (m) = N/A 0.1

Z 2.5 (km) = N/A 0.2

0.3

4.8 0.5

1.0

2.0

Governing Curve: 3.0

USGS Deaggregation 2008 (beta) 4.0

5.0

Source:

1. Caltrans ARS Online tool (V.1.0.4, http://dap3.dot.ca.gov/shake_stable/)

2. USGS Deaggregation 2008 beta (http://eqint.cr.usgs.gov/deaggint/2008/index.php)

3. Caltrans Geotechnical Services Design Manual (Version 1.0) 

Note:

Refer to "Probablistic Response Spectum Spreadsheet" (attached) for development of the recommended ARS curve.

PARIKH CONSULTANTS, INC.
GEOTECHNICAL ENGINEERING

MATERIALS TESTING Project No.: 2002-149-010 Plate No.: IV-2

Near Fault Factor,  
Derived from USGS 
Deagg. Dist (km) =

SAN PEDRO CREEK BRIDGE (REPLACE) AT ROUTE 1
SAN MATEO COUNTY, CALIFORNIA

Period 
(sec)

USGS Deagg. 
Spectral 

Acceleration (g)

Adjusted for Near 
Fault Effect

Adjusted For 
Basin Effect

Final Adjusted 
Spectral 

Acceleration (g)

0.0
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0.6

0.8
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

S
pe

ct
ra

l A
cc

el
er

at
io

n,
 S

a 
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Period (sec)

RECOMMENDED ARS CURVE
Probabilistic Approach (5% Damping)

12/18/2011  ARS_Final_use this one.xls
S:\Ongoing\David Wang\202149.10  Wilsey Ham San Pedro Creek\Ars Online\
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COMPARISON OF ARS DESIGN CURVES

Probabilistic 2008 USGS De-Aggregation curve- 975-year return period (5% probability of exceedance in 50 
years) with a 20% increase for directivity (See Note 3).  Recommended for design.

Probabilistic 2009 ARS Online Curve based on the USGS map, 975-year return period (5% probability of 
exceedance in 50 years) (See Note 2) 

Deterministic  curve per Caltrans Design Criteria using San Andreas Fault Zone Mmax=7.9   

Recommended Curve

NOTES

Comparisons of Modified Caltrans Seismic Design Criteria ARS curves and USGS 
curves with the Spectral Acceleration increased by 20% at specified periods.    

0 0.622 0.406 0.724

0.1 0.985 0.622 1.221

0.2 1.202 0.799 1.527

0.3 1.325 0.838 1.585

0.5 1.332 0.827 1.500

1 1.268 0.799 1.370

2 0.831 0.517 0.846

3 0.587 0.346 0.586

4 0.433 0.253 0.429

5 0.353 0.199 0.345

PARIKH CONSULTANTS, INC.
GEOTECHNICAL CONSULTANTS

MATERIALS TESTING

Period (sec)

Probabilistic 2009 ARS 
Online Curve based on 

the USGS map, 975-year 
return period (5% 

probability of exceedance 

Deterministic  curve 
per Caltrans Design 
Criteria using San 

Andreas Fault Zone 
Mmax=7.9        

Probabilistic 2008 
USGS De-

Aggregation  

JOB NO.: 2002-149-010 PLATE NO.: IV-3

SAN PEDRO CREEK BRIDGE  (REPLACE) AT ROUTE 1                                                                 
SAN MATEO  COUNTY, CALIFORNIA

NOTES :
1) ARS Curves based on 2009 Caltrans Deterministic PGA Map and ARS Online Report

Modification factors: Near‐fault amplications of 20% increase for T ≥ 1.0 sec, no modification for T ≤ 0.5 sec 
and linear interpolation for 0.5 sec < T < 1.0 sec.

2) Caltrans ARS Online  Probabilistic Curve for Vs=270 m/s  for 5% exceedance in 50 years (975‐year return 
period) is the recommended ARS Curve. The ARS Online Probabilistic Curve deviates from the USGS  2008 
Deaggreation Curve by less than 10% for T≥ 0.5 sec. 

3) Probabilistic ARS Curve using 2008 USGS Seismic Hazard Map adjusted per 2008 USGS  Deaggregation (Beta) 
tool for Vs=270  m/s for 5% exceedance in %50 years (975‐year return period)



Comparison spreadsheet of the 2008 USGS Probabilistic Seismic Hazard Data and ARS Online Probabilistic Data (unlock spreadsheet "shmi") 
Spectral Accelerations Points from USGS Webs1te at hltp://earthquake.usgs.gov/research/hazmaps/products_data/2008/data/ 

• Note: This spreadsheet uses the given latitude and longitude data provided by the user to estimate spectral acceleration values with a probability of exceedence 5% in 50 yrs 
(or 975 yr return period). The four spectral acceleration data points plotted on the graph are from the USGS website and are based on a 0.05 degree grid. Basic interpolation is 
used to estimate intermediate values inside each grid. Raw Data points are provided in the tabs of this spreadsheet. Corner grid spectral acceleration data are shown in the 
"calculation" tab. 

Input S ite Information 

Latitude Longitude 

37.5947 -122.5051 1.8 

V 530 (m/s) = 270 
1.6 

Near Fault Factor, 

Derived from USGS :§ 1.4 
Deagg. Dist (km) = 4.8 

Z 1.o(m) = 327 

Z 2.5 (km) = 2 

.. 
1/) 

1.2 .: 
~ 

1.0 f! ., 
Qj ... 0.8 ... 
<t 

e 0.6 
t) 

& 
1/) 0.4 

0.2 

0.0 

I 
0 

Place ARS Online Probabilistic Data Here 

Base Near 
Spectrum Basin Fault 

T (sec) S(a) Factor Factor 

0.01 0.622 1 1 
0.02 0.714 1 1 

0.022 0.728 1 1 
O.D25 0.747 1 1 

0.029 0.769 1 1 
0.03 0.774 1 1 

0.032 0.764 1 1 

0.035 0.799 1 1 
0.036 0.603 1 1 
0.04 0.62 1 1 

0042 0.628 1 1 

0.044 0.836 1 1 

0.045 0.64 1 1 
0.046 0.843 1 1 
0.046 0.651 1 1 
0.05 0.656 1 1 

0.055 0.674 1 1 
0.06 0.889 1 1 

0.065 0.904 1 1 
0.067 0.909 1 1 
0.07 0.917 1 1 

0.075 0.93 1 1 

0.08 0.942 1 1 
0 085 0953 1 1 

0.09 0.964 1 1 
0.095 0.975 1 1 

0.1 0.985 1 1 
0.11 1.012 1 1 
0.12 1.038 1 1 
0.13 1.062 1 1 

0.133 1.069 1 1 
0.14 1.085 1 1 
0.15 1.106 1 1 
0.16 1.127 1 1 
0.17 1.147 1 1 
0.18 1.166 1 1 
0.19 1.164 1 1 
0.2 1.202 1 1 

0.22 1.229 1 1 

0.24 1.255 1 1 
0.25 1.268 1 1 

+ 

+ 

05 

"Paste" 

Final Adj. 
Spectrum 

S(a) 

0.622 
0.714 
0.728 
0.747 

0.769 
0.774 
0.764 

0.799 
0.603 
0.62 

0.828 

0.836 

0.64 

0.643 
0.651 
0.656 
0.874 
0.889 
0.904 

0.909 
0.917 
0.93 

0.942 
u 9,3 

0.964 
0.975 

0.985 
1.012 
1.038 
1.062 

1.069 
1.085 
1.106 
1.127 
1.147 
1. 166 
1.184 
1.202 

1.229 

1.255 
1.268 

Probabilistic ARS (5% Damping) 
Comparison of USGS Data & ARS O nline 

1.5 2 

• 2008 USGS Deag. Hazard (Rock Adj. by CT) 

- ARSOnline 

-2008 USGS Deag. Hazard (Beta) 

2.5 

Period (sec) 

3 

+ 

3.5 4 4 .5 5 

A nalysi s o f A RS Online Results vs USGS Deaggregation Hazard (Adj. By CT) 
USGS 

Interpolated Adj . for Adj. For Final Adj. ARS Online %Difference 
Period Spectral Near Fault Adj. for Soil Basin USGS Final Adj. (bet. USGS & 
(sec} Accel. Effect Amplification Effect SpecAccel Spect. Accel. ARSOnline) 

0 0.703 1.000 0.884 1.000 0.622 0.622 O.Oo/o 
0.2 1.721 1.000 0.700 1.000 1.204 1.202 0.2% 
0.3 1.496 1.000 0.927 1.000 1.386 1.325 4.4% 
1 0.630 1.200 1.672 1.000 1.264 1.268 -0.3% 

Max % Dlfferenc.e = I 4.4% 

u::;G::; oeaggregat1on Hazara Beta) w1tn Near Fiela ana Basm Factors 

INPUT F.nat Adj 
USGS Adj. for USGS ARS Online %Difference 

Period Oeagg. Spec Near Fault Adj . For Deagg Final Adj. (bet. USGS & 
(sec) Accel Effect Basin Effect SpecAccel Spect. Accel. ARS Online) 

0 0.7235 1.000 1.000 0.724 0.622 
0.1 1.2206 1.000 1.000 1.221 0.985 J 

0.2 1.5272 1.000 1.000 1.527 1.202 
0.3 1.5645 1.000 1.000 1.585 1.325 
0.5 1.5004 1.000 1.000 1.500 1.332 11.2% 
1 1.142 1.200 1.000 1.370 1.268 7.5% 
2 0.7051 1.200 1.000 0.846 0.831 1.8% 
3 0.4885 1.200 1.000 0.586 0.567 0.1% 
4 0.3577 1.200 1.000 0.429 0.433 0.9% 
5 U.;tlSf!,l 1.200 1.UUU 0.345 0.3,3 2 .2 % 

Max % Difference = I 11.2% 

ProbabillstJc_Response_Spectrum_050410 515/2010 12:14 PM 



Comparis o n of ARS Curves 
(unlock sheet with "shml") 

Model Inputs 

Ftlult 
~1aguitude 

FRv 

FNM 

Dip (degree) 
ZTOR (km) 

Distance 
RRUP (km) 

RJe {km) 

R x (km) 

Hanging Wall? 

5.9 

5.9 

59 

0 Yes? 

Yes> Near-Field Factor? 0 
'-------' 

lli 
V sJo (m/sec) 270 

Zu (m) 327 

Z2.5 (km) 2 

No. Cal. Basin? 0 Yes' 

So. Cal. Basin? 0 ves> 

Analysis of CY·CB Attenuation Prediction Equation vs ARS Online Results 

t.4 lO X () 

fmp4Jl1 • Rev) 

conpUI 1 = Normen 

( 01090) 

(270 lo 1500 mls) 

(0 - No Basin) 

(0 • No Bas•n) 

(Check only lor 
sties located Within 

eBas•n) 

Determinist ic ARS (5% Damping) 
Comparison of Spreadsheet vs ARS Online 

2.0 y-----------------------------, 

1.8 

1.6 

1.4 

.. 
~ 1.2 
0 .., 
j 1.0 ., 
~ e o.8 
tJ 
"' a. 
"' 0.6 

0.4 

0.2 

0.0 

+ 

- CY-CB Spreadsheet 

- ARSOnline 

- Min. Spectrum for CA 
+ 

- Min Sprectrum for ECSZ 

t 

t 

T 

ARS Online vs CY·CB Spreadsheet Results 
MAX. % Dlff. =I 0% I 

1.5 4 2 2.5 3 0 0.5 3.5 4.5 5 
Period (sec) 

For Companolon Plots of Min. Spre<:tra, Paste 

Place ARS Online Deterministic Data Here Special Into Cells 

CY-CB Spreadsheet Results "Paste" Min. Spectrum for CA Min Sprectrum lor ECSZ 
Ne ar 

Basin Fault Final Dlff. 
T (sec) CB-CY S(a ) T (se c) Base S(a) Factor Factor Adj. S(a ) (%) T (sec) S (a) T (S&C) s (a) 

0.010 0.4057 1 0 .01 0.406 1 1 0.406 0% 0 .01 0.226303 
0.020 0.41180 0 .02 0 .412 1 1 0.412 0% 0.02 0.2291 173 
0.022 0.41585 0.022 0.416 1 1 0 .416 0% 0.022 0.2314507 
0.025 0 .42133 0.025 0.421 1 1 0.421 0% 0.025 0.2347018 
0.029 0.42772 0.029 0 .428 1 1 0 .428 0% 0.029 0.2387294 
0.030 0.42971 0.03 0.43 1 1 0.43 0% 0 .03 0.2398865 
0.032 0 .43467 0.032 0.435 1 1 0.435 0% 0.032 0.2433518 
0.035 0.44181 0.035 0 .442 1 1 0.442 0% 0.035 0.2484324 
0.036 0.44412 0.036 0.444 1 1 0.444 0% 0.036 0.2501572 
0.040 0.45296 0.04 0 .453 1 1 0 .453 0% 0.04 0 .2567984 
0.042 0.45783 0.042 0 .458 1 1 0 .458 0% 0.042 0.2603299 
0.044 0.46264 0.044 0.463 1 1 0.463 0011> 0.044 0.2638719 
0 .045 0.46526 0.045 0.465 1 1 0 .465 0% 0.045 0 .2657034 
0.046 0.46780 0.046 0.466 1 1 0.466 0% 0.046 0 .2675415 
0.048 0.47267 0.048 0.473 1 1 0 .473 0% 0.048 0.2711085 
0 .050 0.47752 0.05 0.477 1 1 0.477 0% 0.05 0.2747055 
0 .055 0.49111 0 .055 0.491 1 1 0.491 0% 0.055 0.2872328 
0.060 0.50502 0.06 0.505 1 1 0.505 0% 0.06 0.2998305 
0 .065 0.51889 0.065 0.519 1 1 0.519 0% 0 .065 0.3123258 
0 .067 0.52471 0.067 0.525 1 1 0.525 0% 0.067 0.3173712 
0.070 0.53316 0.07 0.533 1 1 0.533 0% 0.07 0.3248369 
0.075 0.54737 O.Q75 0.547 1 1 0.547 0% 0 .075 0.3372182 
0.080 0.56253 0 .08 0.563 1 1 0.563 0% 0.08 0.3501164 
0 .085 0.57764 0.085 0.578 1 1 0.578 0% 0 .085 0.3628696 
0.090 0.59256 0.09 0.593 1 1 0.593 0% 0.09 0.3753814 
0.095 0.60741 0.095 0.607 1 1 0.607 0% 0.095 0.3876642 
0.100 0.62187 0.1 0.622 1 1 0.622 0% 0.1 0.399612 
0.110 0.64812 0.11 0.648 1 1 0.648 0% 0 .11 0.4193406 
0.120 0.67244 0.12 0.672 1 1 0 .672 0% 0.12 0.4374113 
0.130 0.69446 0.13 0.694 1 1 0.694 0% 0 .13 0.4536666 
0.133 0.70040 0.133 0.7 1 1 0.7 0% 0.133 0.4580395 
0.140 0.71357 0.14 0 .714 1 1 0.714 0% 0 .14 0.4677948 
0 .150 0.73099 0.15 0.731 1 1 0.731 0% 0.15 0.4805705 
0 .160 0.74737 0.16 0 .747 1 1 0 .747 0% 0 .16 0.4875016 
0.170 0.76188 0.17 0 .762 1 1 0.762 0% 0.17 0.4931648 
0.180 0.77549 0.18 0.775 1 1 0 .775 0% 0.18 0.4980495 

Oeterministic_Response_Spectrum_050410 5/5/2010 12:17 PM 



M
ap

 d
a

ta
 ©

20
11

 E
u

ro
p

a 
T

e
ch

no
lo

gi
es

, G
o

og
le

, I
N

E
G

I 
-

S
E

L
E

C
T

 S
IT

E
 L

O
C

A
T

IO
N

 

C
A

L
C

U
L

A
T

E
D

 S
P

E
C

T
R

A
 

P
ag

e 
1 

of
 8

P
ri

nt
er

 F
ri

en
dl

y 
V

ie
w

12
/1

8/
20

11
ht

tp
:/

/d
ap

3.
do

t.c
a.

go
v/

sh
ak

e_
st

ab
le

/p
ri

nt
_v

ie
w

.p
hp

?x
=

-2
20

.7
45

88
68

58
78

69
7&

y=
-4

3.
80

44
85

07
6 .

..

S
an

 A
n

d
re

as
 f

au
lt

 z
on

e 
(P

en
in

su
la

 s
ec

ti
on

)
F

au
lt

 I
D

: 
30

9

M
ax

im
u

m
 M

ag
n

it
u

d
e 

(M
M

ax
):

 
7.

9

F
au

lt
 T

yp
e:

 
R

L
S

S

F
au

lt
 D

ip
: 

90
 D

eg

D
ip

 D
ir

ec
ti

on
: 

V

B
ot

to
m

 o
f 

R
u

p
tu

re
 P

la
n

e:
 

13
.0

0 
km

T
op

 o
f 

R
u

p
tu

re
 P

la
n

e(
Z

to
r)

: 
0.

00
 k

m

R
ru

p
 

5.
90

 k
m

R
jb

: 
5.

90
 k

m

R
x:

 
5.

90
 k

m

F
n

or
m

:
0

F
re

v:
0

P
er

io
d

S
A

(B
as

e 
S

p
ec

tr
u

m
)

B
as

in
 F

ac
to

r
N

ea
r 

F
au

lt
 

F
ac

to
r

(A
p

p
li

ed
)

S
A

(F
in

al
 

S
p

ec
tr

u
m

)

0.
01

0.
40

6
1.

00
0

1.
00

0
0.

40
6

0.
02

0.
41

2
1.

00
0

1.
00

0
0.

41
2

0.
02

2
0.

41
6

1.
00

0
1.

00
0

0.
41

6

0.
02

5
0.

42
1

1.
00

0
1.

00
0

0.
42

1

0.
02

9
0.

42
8

1.
00

0
1.

00
0

0.
42

8

0.
03

0.
43

0
1.

00
0

1.
00

0
0.

43
0

0.
03

2
0.

43
5

1.
00

0
1.

00
0

0.
43

5

0.
03

5
0.

44
2

1.
00

0
1.

00
0

0.
44

2

0.
03

6
0.

44
4

1.
00

0
1.

00
0

0.
44

4

0.
04

0.
45

3
1.

00
0

1.
00

0
0.

45
3

0.
04

2
0.

45
8

1.
00

0
1.

00
0

0.
45

8

0.
04

4
0.

46
3

1.
00

0
1.

00
0

0.
46

3

0.
04

5
0.

46
5

1.
00

0
1.

00
0

0.
46

5

0.
04

6
0.

46
8

1.
00

0
1.

00
0

0.
46

8

0.
04

8
0.

47
3

1.
00

0
1.

00
0

0.
47

3

0.
05

0.
47

7
1.

00
0

1.
00

0
0.

47
7

0.
05

5
0.

49
1

1.
00

0
1.

00
0

0.
49

1

0.
06

0.
50

5
1.

00
0

1.
00

0
0.

50
5

S
IT

E
 D

A
T

A
 

S
h

ea
r 

W
av

e 
V

el
oc

it
y,

 V
s3

0:
27

0 
m

/s

L
at

it
u

d
e:

37
.5

94
70

0

L
on

gi
tu

d
e:

-1
22

.5
05

10
0

D
ep

th
 t

o 
V

s 
=

 1
.0

 k
m

/s
:

32
7 

m
 

D
ep

th
 t

o 
V

s 
=

 2
.5

 k
m

/s
:

2.
00

 k
m

D
E

T
E

R
M

IN
IS

T
IC

 

P
ag

e 
2 

of
 8

P
ri

nt
er

 F
ri

en
dl

y 
V

ie
w

12
/1

8/
20

11
ht

tp
:/

/d
ap

3.
do

t.c
a.

go
v/

sh
ak

e_
st

ab
le

/p
ri

nt
_v

ie
w

.p
hp

?x
=

-2
20

.7
45

88
68

58
78

69
7&

y=
-4

3.
80

44
85

07
6 .

..



0.
06

5
0.

51
9

1.
00

0
1.

00
0

0.
51

9

0.
06

7
0.

52
5

1.
00

0
1.

00
0

0.
52

5

0.
07

0.
53

3
1.

00
0

1.
00

0
0.

53
3

0.
07

5
0.

54
7

1.
00

0
1.

00
0

0.
54

7

0.
08

0.
56

3
1.

00
0

1.
00

0
0.

56
3

0.
08

5
0.

57
8

1.
00

0
1.

00
0

0.
57

8

0.
09

0.
59

3
1.

00
0

1.
00

0
0.

59
3

0.
09

5
0.

60
7

1.
00

0
1.

00
0

0.
60

7

0.
1

0.
62

2
1.

00
0

1.
00

0
0.

62
2

0.
11

0.
64

8
1.

00
0

1.
00

0
0.

64
8

0.
12

0.
67

2
1.

00
0

1.
00

0
0.

67
2

0.
13

0.
69

4
1.

00
0

1.
00

0
0.

69
4

0.
13

3
0.

70
0

1.
00

0
1.

00
0

0.
70

0

0.
14

0.
71

4
1.

00
0

1.
00

0
0.

71
4

0.
15

0.
73

1
1.

00
0

1.
00

0
0.

73
1

0.
16

0.
74

7
1.

00
0

1.
00

0
0.

74
7

0.
17

0.
76

2
1.

00
0

1.
00

0
0.

76
2

0.
18

0.
77

5
1.

00
0

1.
00

0
0.

77
5

0.
19

0.
78

8
1.

00
0

1.
00

0
0.

78
8

0.
2

0.
79

9
1.

00
0

1.
00

0
0.

79
9

0.
22

0.
81

2
1.

00
0

1.
00

0
0.

81
2

0.
24

0.
82

3
1.

00
0

1.
00

0
0.

82
3

0.
25

0.
82

8
1.

00
0

1.
00

0
0.

82
8

0.
26

0.
83

0
1.

00
0

1.
00

0
0.

83
0

0.
28

0.
83

6
1.

00
0

1.
00

0
0.

83
6

0.
29

0.
83

7
1.

00
0

1.
00

0
0.

83
7

0.
3

0.
83

8
1.

00
0

1.
00

0
0.

83
8

0.
32

0.
83

9
1.

00
0

1.
00

0
0.

83
9

0.
34

0.
83

8
1.

00
0

1.
00

0
0.

83
8

0.
35

0.
83

7
1.

00
0

1.
00

0
0.

83
7

0.
36

0.
83

6
1.

00
0

1.
00

0
0.

83
6

0.
38

0.
83

3
1.

00
0

1.
00

0
0.

83
3

0.
4

0.
83

0
1.

00
0

1.
00

0
0.

83
0

0.
42

0.
83

0
1.

00
0

1.
00

0
0.

83
0

0.
44

0.
82

9
1.

00
0

1.
00

0
0.

82
9

0.
45

0.
82

9
1.

00
0

1.
00

0
0.

82
9

0.
46

0.
82

9
1.

00
0

1.
00

0
0.

82
9

0.
48

0.
82

8
1.

00
0

1.
00

0
0.

82
8

0.
5

0.
82

7
1.

00
0

1.
00

0
0.

82
7

0.
55

0.
80

8
1.

00
0

1.
02

0
0.

82
4

0.
6

0.
79

1
1.

00
0

1.
04

0
0.

82
2

0.
65

0.
77

4
1.

00
0

1.
06

0
0.

82
1

0.
66

7
0.

76
9

1.
00

0
1.

06
7

0.
82

0

0.
7

0.
75

9
1.

00
0

1.
08

0
0.

82
0

0.
75

0.
74

5
1.

00
0

1.
10

0
0.

81
9

0.
8

0.
72

7
1.

00
0

1.
12

0
0.

81
5

0.
85

0.
71

1
1.

00
0

1.
14

0
0.

81
0

0.
9

0.
69

5
1.

00
0

1.
16

0
0.

80
6

0.
95

0.
68

0
1.

00
0

1.
18

0
0.

80
3

P
ag

e 
3 

of
 8

P
ri

nt
er

 F
ri

en
dl

y 
V

ie
w

12
/1

8/
20

11
ht

tp
:/

/d
ap

3.
do

t.c
a.

go
v/

sh
ak

e_
st

ab
le

/p
ri

nt
_v

ie
w

.p
hp

?x
=

-2
20

.7
45

88
68

58
78

69
7&

y=
-4

3.
80

44
85

07
6 .

..

1
0.

66
6

1.
00

0
1.

20
0

0.
79

9

1.
1

0.
63

5
1.

00
0

1.
20

0
0.

76
2

1.
2

0.
60

7
1.

00
0

1.
20

0
0.

72
8

1.
3

0.
58

1
1.

00
0

1.
20

0
0.

69
7

1.
4

0.
55

7
1.

00
0

1.
20

0
0.

66
9

1.
5

0.
53

4
1.

00
0

1.
20

0
0.

64
1

1.
6

0.
51

0
1.

00
0

1.
20

0
0.

61
2

1.
7

0.
48

7
1.

00
0

1.
20

0
0.

58
5

1.
8

0.
46

7
1.

00
0

1.
20

0
0.

56
0

1.
9

0.
44

8
1.

00
0

1.
20

0
0.

53
7

2
0.

43
1

1.
00

0
1.

20
0

0.
51

7

2.
2

0.
39

3
1.

00
0

1.
20

0
0.

47
2

2.
4

0.
36

1
1.

00
0

1.
20

0
0.

43
4

2.
5

0.
34

7
1.

00
0

1.
20

0
0.

41
6

2.
6

0.
33

4
1.

00
0

1.
20

0
0.

40
0

2.
8

0.
30

9
1.

00
0

1.
20

0
0.

37
1

3
0.

28
8

1.
00

0
1.

20
0

0.
34

6

3.
2

0.
26

9
1.

00
0

1.
20

0
0.

32
3

3.
4

0.
25

2
1.

00
0

1.
20

0
0.

30
2

3.
5

0.
24

4
1.

00
0

1.
20

0
0.

29
3

3.
6

0.
23

7
1.

00
0

1.
20

0
0.

28
4

3.
8

0.
22

3
1.

00
0

1.
20

0
0.

26
7

4
0.

21
1

1.
00

0
1.

20
0

0.
25

3

4.
2

0.
20

0
1.

00
0

1.
20

0
0.

24
0

4.
4

0.
19

0
1.

00
0

1.
20

0
0.

22
8

4.
6

0.
18

1
1.

00
0

1.
20

0
0.

21
8

4.
8

0.
17

3
1.

00
0

1.
20

0
0.

20
8

5
0.

16
6

1.
00

0
1.

20
0

0.
19

9

P
R

O
B

A
B

IL
IS

T
IC

P
ro

b
ab

il
is

ti
c 

M
od

el
  

U
S

G
S

 S
ei

sm
ic

 H
az

ar
d

 M
ap

(2
00

8)
 9

75
 Y

ea
r 

R
et

u
rn

 P
er

io
d

P
er

io
d

S
A

(B
as

e 
S

p
ec

tr
u

m
)

B
as

in
 F

ac
to

r
N

ea
r 

F
au

lt
 

F
ac

to
r

(A
p

p
li

ed
)

S
A

(F
in

al
 

S
p

ec
tr

u
m

)

0.
01

0.
62

2
1.

00
0

1.
00

0
0.

62
2

0.
02

0.
71

4
1.

00
0

1.
00

0
0.

71
4

0.
02

2
0.

72
8

1.
00

0
1.

00
0

0.
72

8

0.
02

5
0.

74
7

1.
00

0
1.

00
0

0.
74

7

0.
02

9
0.

76
9

1.
00

0
1.

00
0

0.
76

9

0.
03

0.
77

4
1.

00
0

1.
00

0
0.

77
4

0.
03

2
0.

78
4

1.
00

0
1.

00
0

0.
78

4

0.
03

5
0.

79
9

1.
00

0
1.

00
0

0.
79

9

0.
03

6
0.

80
3

1.
00

0
1.

00
0

0.
80

3

0.
04

0.
82

0
1.

00
0

1.
00

0
0.

82
0

0.
04

2
0.

82
8

1.
00

0
1.

00
0

0.
82

8

0.
04

4
0.

83
6

1.
00

0
1.

00
0

0.
83

6

P
ag

e 
4 

of
 8

P
ri

nt
er

 F
ri

en
dl

y 
V

ie
w

12
/1

8/
20

11
ht

tp
:/

/d
ap

3.
do

t.c
a.

go
v/

sh
ak

e_
st

ab
le

/p
ri

nt
_v

ie
w

.p
hp

?x
=

-2
20

.7
45

88
68

58
78

69
7&

y=
-4

3.
80

44
85

07
6 .

..



0.
04

5
0.

84
0

1.
00

0
1.

00
0

0.
84

0

0.
04

6
0.

84
3

1.
00

0
1.

00
0

0.
84

3

0.
04

8
0.

85
1

1.
00

0
1.

00
0

0.
85

1

0.
05

0.
85

8
1.

00
0

1.
00

0
0.

85
8

0.
05

5
0.

87
4

1.
00

0
1.

00
0

0.
87

4

0.
06

0.
88

9
1.

00
0

1.
00

0
0.

88
9

0.
06

5
0.

90
4

1.
00

0
1.

00
0

0.
90

4

0.
06

7
0.

90
9

1.
00

0
1.

00
0

0.
90

9

0.
07

0.
91

7
1.

00
0

1.
00

0
0.

91
7

0.
07

5
0.

93
0

1.
00

0
1.

00
0

0.
93

0

0.
08

0.
94

2
1.

00
0

1.
00

0
0.

94
2

0.
08

5
0.

95
3

1.
00

0
1.

00
0

0.
95

3

0.
09

0.
96

4
1.

00
0

1.
00

0
0.

96
4

0.
09

5
0.

97
5

1.
00

0
1.

00
0

0.
97

5

0.
1

0.
98

5
1.

00
0

1.
00

0
0.

98
5

0.
11

1.
01

2
1.

00
0

1.
00

0
1.

01
2

0.
12

1.
03

8
1.

00
0

1.
00

0
1.

03
8

0.
13

1.
06

2
1.

00
0

1.
00

0
1.

06
2

0.
13

3
1.

06
9

1.
00

0
1.

00
0

1.
06

9

0.
14

1.
08

5
1.

00
0

1.
00

0
1.

08
5

0.
15

1.
10

6
1.

00
0

1.
00

0
1.

10
6

0.
16

1.
12

7
1.

00
0

1.
00

0
1.

12
7

0.
17

1.
14

7
1.

00
0

1.
00

0
1.

14
7

0.
18

1.
16

6
1.

00
0

1.
00

0
1.

16
6

0.
19

1.
18

4
1.

00
0

1.
00

0
1.

18
4

0.
2

1.
20

2
1.

00
0

1.
00

0
1.

20
2

0.
22

1.
22

9
1.

00
0

1.
00

0
1.

22
9

0.
24

1.
25

5
1.

00
0

1.
00

0
1.

25
5

0.
25

1.
26

8
1.

00
0

1.
00

0
1.

26
8

0.
26

1.
28

0
1.

00
0

1.
00

0
1.

28
0

0.
28

1.
30

3
1.

00
0

1.
00

0
1.

30
3

0.
29

1.
31

4
1.

00
0

1.
00

0
1.

31
4

0.
3

1.
32

5
1.

00
0

1.
00

0
1.

32
5

0.
32

1.
32

6
1.

00
0

1.
00

0
1.

32
6

0.
34

1.
32

6
1.

00
0

1.
00

0
1.

32
6

0.
35

1.
32

7
1.

00
0

1.
00

0
1.

32
7

0.
36

1.
32

7
1.

00
0

1.
00

0
1.

32
7

0.
38

1.
32

8
1.

00
0

1.
00

0
1.

32
8

0.
4

1.
32

9
1.

00
0

1.
00

0
1.

32
9

0.
42

1.
32

9
1.

00
0

1.
00

0
1.

32
9

0.
44

1.
33

0
1.

00
0

1.
00

0
1.

33
0

0.
45

1.
33

0
1.

00
0

1.
00

0
1.

33
0

0.
46

1.
33

1
1.

00
0

1.
00

0
1.

33
1

0.
48

1.
33

1
1.

00
0

1.
00

0
1.

33
1

0.
5

1.
33

2
1.

00
0

1.
00

0
1.

33
2

0.
55

1.
30

8
1.

00
0

1.
02

0
1.

33
5

0.
6

1.
28

7
1.

00
0

1.
04

0
1.

33
9

0.
65

1.
26

8
1.

00
0

1.
06

0
1.

34
4

0.
66

7
1.

26
2

1.
00

0
1.

06
7

1.
34

7

P
ag

e 
5 

of
 8

P
ri

nt
er

 F
ri

en
dl

y 
V

ie
w

12
/1

8/
20

11
ht

tp
:/

/d
ap

3.
do

t.c
a.

go
v/

sh
ak

e_
st

ab
le

/p
ri

nt
_v

ie
w

.p
hp

?x
=

-2
20

.7
45

88
68

58
78

69
7&

y=
-4

3.
80

44
85

07
6 .

..

P
er

io
d

S
A

0.
01

0.
62

2

0.
02

0.
71

4

0.
02

2
0.

72
8

0.
02

5
0.

74
7

0.
02

9
0.

76
9

0.
03

0.
77

4

0.
7

1.
25

1
1.

00
0

1.
08

0
1.

35
1

0.
75

1.
23

5
1.

00
0

1.
10

0
1.

35
8

0.
8

1.
19

2
1.

00
0

1.
12

0
1.

33
6

0.
85

1.
15

4
1.

00
0

1.
14

0
1.

31
6

0.
9

1.
11

9
1.

00
0

1.
16

0
1.

29
8

0.
95

1.
08

7
1.

00
0

1.
18

0
1.

28
2

1
1.

05
7

1.
00

0
1.

20
0

1.
26

8

1.
1

0.
99

7
1.

00
0

1.
20

0
1.

19
6

1.
2

0.
94

5
1.

00
0

1.
20

0
1.

13
5

1.
3

0.
90

0
1.

00
0

1.
20

0
1.

08
0

1.
4

0.
86

1
1.

00
0

1.
20

0
1.

03
3

1.
5

0.
82

5
1.

00
0

1.
20

0
0.

99
0

1.
6

0.
79

3
1.

00
0

1.
20

0
0.

95
2

1.
7

0.
76

4
1.

00
0

1.
20

0
0.

91
7

1.
8

0.
73

8
1.

00
0

1.
20

0
0.

88
6

1.
9

0.
71

4
1.

00
0

1.
20

0
0.

85
7

2
0.

69
2

1.
00

0
1.

20
0

0.
83

1

2.
2

0.
63

8
1.

00
0

1.
20

0
0.

76
6

2.
4

0.
59

2
1.

00
0

1.
20

0
0.

71
1

2.
5

0.
57

2
1.

00
0

1.
20

0
0.

68
6

2.
6

0.
55

3
1.

00
0

1.
20

0
0.

66
4

2.
8

0.
51

9
1.

00
0

1.
20

0
0.

62
3

3
0.

48
9

1.
00

0
1.

20
0

0.
58

7

3.
2

0.
45

7
1.

00
0

1.
20

0
0.

54
9

3.
4

0.
42

9
1.

00
0

1.
20

0
0.

51
5

3.
5

0.
41

6
1.

00
0

1.
20

0
0.

49
9

3.
6

0.
40

4
1.

00
0

1.
20

0
0.

48
4

3.
8

0.
38

1
1.

00
0

1.
20

0
0.

45
7

4
0.

36
1

1.
00

0
1.

20
0

0.
43

3

4.
2

0.
34

5
1.

00
0

1.
20

0
0.

41
4

4.
4

0.
33

1
1.

00
0

1.
20

0
0.

39
7

4.
6

0.
31

8
1.

00
0

1.
20

0
0.

38
1

4.
8

0.
30

6
1.

00
0

1.
20

0
0.

36
7

5
0.

29
4

1.
00

0
1.

20
0

0.
35

3

E
n

ve
lo

p
e 

D
at

a 

P
ag

e 
6 

of
 8

P
ri

nt
er

 F
ri

en
dl

y 
V

ie
w

12
/1

8/
20

11
ht

tp
:/

/d
ap

3.
do

t.c
a.

go
v/

sh
ak

e_
st

ab
le

/p
ri

nt
_v

ie
w

.p
hp

?x
=

-2
20

.7
45

88
68

58
78

69
7&

y=
-4

3.
80

44
85

07
6 .

..



0.
03

2
0.

78
4

0.
03

5
0.

79
9

0.
03

6
0.

80
3

0.
04

0.
82

0

0.
04

2
0.

82
8

0.
04

4
0.

83
6

0.
04

5
0.

84
0

0.
04

6
0.

84
3

0.
04

8
0.

85
1

0.
05

0.
85

8

0.
05

5
0.

87
4

0.
06

0.
88

9

0.
06

5
0.

90
4

0.
06

7
0.

90
9

0.
07

0.
91

7

0.
07

5
0.

93
0

0.
08

0.
94

2

0.
08

5
0.

95
3

0.
09

0.
96

4

0.
09

5
0.

97
5

0.
1

0.
98

5

0.
11

1.
01

2

0.
12

1.
03

8

0.
13

1.
06

2

0.
13

3
1.

06
9

0.
14

1.
08

5

0.
15

1.
10

6

0.
16

1.
12

7

0.
17

1.
14

7

0.
18

1.
16

6

0.
19

1.
18

4

0.
2

1.
20

2

0.
22

1.
22

9

0.
24

1.
25

5

0.
25

1.
26

8

0.
26

1.
28

0

0.
28

1.
30

3

0.
29

1.
31

4

0.
3

1.
32

5

0.
32

1.
32

6

0.
34

1.
32

6

0.
35

1.
32

7

0.
36

1.
32

7

0.
38

1.
32

8

0.
4

1.
32

9

0.
42

1.
32

9

0.
44

1.
33

0

0.
45

1.
33

0

0.
46

1.
33

1

P
ag

e 
7 

of
 8

P
ri

nt
er

 F
ri

en
dl

y 
V

ie
w

12
/1

8/
20

11
ht

tp
:/

/d
ap

3.
do

t.c
a.

go
v/

sh
ak

e_
st

ab
le

/p
ri

nt
_v

ie
w

.p
hp

?x
=

-2
20

.7
45

88
68

58
78

69
7&

y=
-4

3.
80

44
85

07
6 .

..

0.
48

1.
33

1

0.
5

1.
33

2

0.
55

1.
33

5

0.
6

1.
33

9

0.
65

1.
34

4

0.
66

7
1.

34
7

0.
7

1.
35

1

0.
75

1.
35

8

0.
8

1.
33

6

0.
85

1.
31

6

0.
9

1.
29

8

0.
95

1.
28

2

1
1.

26
8

1.
1

1.
19

6

1.
2

1.
13

5

1.
3

1.
08

0

1.
4

1.
03

3

1.
5

0.
99

0

1.
6

0.
95

2

1.
7

0.
91

7

1.
8

0.
88

6

1.
9

0.
85

7

2
0.

83
1

2.
2

0.
76

6

2.
4

0.
71

1

2.
5

0.
68

6

2.
6

0.
66

4

2.
8

0.
62

3

3
0.

58
7

3.
2

0.
54

9

3.
4

0.
51

5

3.
5

0.
49

9

3.
6

0.
48

4

3.
8

0.
45

7

4
0.

43
3

4.
2

0.
41

4

4.
4

0.
39

7

4.
6

0.
38

1

4.
8

0.
36

7

5
0.

35
3

P
ag

e 
8 

of
 8

P
ri

nt
er

 F
ri

en
dl

y 
V

ie
w

12
/1

8/
20

11
ht

tp
:/

/d
ap

3.
do

t.c
a.

go
v/

sh
ak

e_
st

ab
le

/p
ri

nt
_v

ie
w

.p
hp

?x
=

-2
20

.7
45

88
68

58
78

69
7&

y=
-4

3.
80

44
85

07
6 .

..



... 

JOB .Zo2t!f9.- t'I'PS 

SHEET NO - - -=-:1..::::::;,...------- OF 
CALCULATED BY 0A so.-. DATE 

PARIKH 
CHECKED BY D. V..lo,y DATE 
SCALE <1 

Practicing in the Geosciences 

Geotechnical * Environmental * Materials Testing * Construction Inspection 
Offices: Milpitas * Fremont * Sacramento * Walnut Creek 

O?/o3.1.:Joro 
\ 1.. / 'tvt\ 



Fault & Site Data Input Sheet 

The input sheet is to help the user organize the site data for developing the design response spectrum. Beta
Testers: If you fill out the fault and site information for each location, please provide this document and the 
checker to facilitate the QC/QA procedures listed in the 2009 Deterministic Fault Information & Seismic 
Procedures QC/QA checklist. 

Project Information 

Dist- EA: Of.(- cSm-1 County: .9m.J.t]a+eo Route: _L PM: -

Bridge/Facility Name: l }o"' {j,Jco ~k.. Ec/Jg~ Bridge/Facility No.: 85-5.1 
" 1 • ~?Ia~) 

Latitude:J;z.J 5 lt0.9f Longitude: uz~,ib 1 tft.l;:J. 

Fault Information (#1) 

Fault Name:,t:A" Af'l"i'eatJaY<& ~~JfiD#: Jo<j 
MMax: ~ Fault Type: ~S 
Fault Dip: .82..::_ Dip Direction: _jf__ 
Top of Rupture: l2....b_ Bottom of Rupture: !I/;m 

Plan View Elevation View 

Calculated or Measure Distances 

RRuP: c;, 90 I::..M 

RJe: 5 .. 90 6 
Rx: 5.Jo k-M 

Determination of Vs3o 

VsJo (m/s): hq ~l.s 

Determination of Z1 .0 and Z2.5 

z 1.0 (m/s) : 32;}-. frl . 
z 2.5 (km/s): .2 . 00 till{ 

Notes: 

Fault Information (#2) 

Fault Name:------Fault ID#: 

MMax: _ _ Fault Type: __ 

Fault Dip: __ Dip Direction: __ 

Top of Rupture: __ Bottom of Rupture: __ 

Plan View Elevation View 

Calculated or Measure Distances 

RRuP: ------

Rx: _____ _ 

Determination of Vs3o 

Vs3o (m/s): ___ _ 

Determination of Z1 .0 and Z2.5 

z1.0 (m/s): ----

z 2.5 (km/s): ----

Notes: 



2009 Deterministic Fault Information 
& Seismic Procedure QC/QA Checklist 

This document is to be filled out by checker to evaluate the fault parameters and design response 
spectrum used for seismic design recommendations for bridge structures. To facilitate the quality check, 
the designer shall provide the checker all pertinent project information, geologic information and approved 
exceptions (if applicable} needed to complete this form. The checker must be familiar with the Seismic 
Design Criteria (Appendix B)~ Deterministic PGA Map and ARS Online Report, and Geotech-nical Services 
Design Manual in order to successfully perform a quality check. Tools available to checkers include the 
Deterministic Response Spectrum Spreadsheet, Probabilistic Response Spectrum Spreadsheet (after 
USGS}, 2008 USGS National Seismic Hazard Map and the ARS Online web tool. The above documents 
and tools are available at http://dap3.dot.ca.gov/shake stable/technical.php. 

Project Information 

County~ bdlt;kO Route: _4_ Dist- EA: D?f-cSIY]- ( 

Bridge/Facility Name: S'o11 
Latitude: 37 ~15 'L(O C g ( 

f?edco Cr¢t.t Be Bridge/Facility No.: 

PM:-=
..95-tfB 

Longitude: I 2.2 ~.9Q 1/tf=, 1(9 

Determinist ic Fault Information 

Fault Name: I en lltK.Icea ( £_j2 Fault ID#: .J2.£._ 
Fault Dip:~ Dip Direction: 1_ Top of Rupture: DiM.. Bottom of Rupture: _J;l__M 

Plan View Elevation View 

(rough sketch; show dimensions) (rough sketch; show dimensions) 

Calculated or Measured Distances 

RRuP: l). 9.0 km D Calculated I graphically [Bl Same as Rx (by definition) 

RJa: S.<Jo km D Calculated I graphically ~ Same as Rx (by definition) 

Rx: 5,9_0 km ~ "Ruler" function on ARS Online D Deterministic PGA Map 



2009 Deterministic Fault Information 
& Seismic Procedure QC/QA Checklist 

Determinat ion o~ V m 
Vs3o (m/s): 2....9p. MJ$ , 

Method of Determining Vs3o: of/ Cl>«e fa-H~.g. P-S logging, Geophysics, SPT correlations, etc) 

Additional Explanation (if needed): _ ___;;_::_;_ _________________ _ 

Determination of Z1.0 and Z2.5 (if s ite located in designated Californ ia deep basin) 

Z1.0 (m/s): j/l..f-:M Z2.5 (km/s): J_ 00 tAA.. 

Method of Determining z1.0 & z2.5: ARs ()/}!tit£ (e.g. ARS Online, soc figure, other) 

Additional Explanation (if needed): ---------------------

Deterministic - Special Conditions 

Yes No 

Qg 0 

~ 0 

~ 0 

0 0 

0 0 

0 li(l 

D 

NIA 

0 

0 

fll 

~ 

0 

Was the Errata Deterministic Fault Database Spreadsheet reviewed to ensure 
that the correct fault parameters used in the analysis. 

Were the Near-Fault Factors applied correctly? Applies to sites with a RRuP 
distance of 25 km or less, as defined in the SOC. 

Were deep basin depths {Z1.0 & Z2.s) estimated correctly? Applies to sites located 
in deep basins as shown in Figures B. 5 - B. 11 of the SOC or ARS Online. 

If the site is located within the Eastern California Shear Zone (ECSZ), was the 
design ARS larger than the minimum spectrum for the ECSZ (as defined in the 
SOC, Appendix B, Figure 8.2)? 

If the controlling fault is the Cascadia Subduction Zone, was the alternate seismic 
procedure applied correctly (as defined in the SOC, Appendix B)? 

If the deterministic ARS falls below the Minimum Deterministic Spectra (as 
defined in the SOC), did the Minimum Deterministic Spectra control the 
deterministic design spectrum? 

Did the ARS Online deterministic spectrum correspond within 10% of the calculated 
deterministic spectrum? If not, note it in the comments section of this document and 
email a copy to the ARS Online development team, ARS Online@dot.ca.qov, so 
that they may address the potential bug. 

Probabilistic - Special Conditions 

Yes No N/A 

&I 0 0 Were Near-Fault Factors applied correctly (as defined by SOC)? Applies to sites 
with a deaggregation R distance of 25 km or less. 

12] 0 0 Were deep basin depths {Z1.o & Z2.5) estimated correctly? Applies to sites located 
in deep basins as shown in Figures B.5- B.11 of the SOC or ARS Online. 

~ 0 0 If the site has a Vs30 of less than 300 m/s, was the resulting ARS curve checked 
against spectral acceleration from USGS Interactive Deaggregation tool? 

~ 0 0 If the USGS Interactive Deaggregation tool and spectral acceleration data were 
used, were the appropriate near-fault and basin correction factors applied? 



2009 Deterministic Fault Information 
& Seismic Procedure QC/QA Checklist 

If the probabilistic ARS falls below the Minimum Deterministic Spectra (as 
defined in the SOC), did the Minimum Deterministic Spectra control the design 
spectrum? 

Did the ARS Online design spectrum correspond within 10% of the USGS 
spectral acceleration data from the verification spreadsheet? If not, note it in 
the comments section of this document and email a copy to the ARS Online 
development team, ARS Online@dot.ca.gov, so that they may address the 
potential bug. 

Comments I Observations Encountered during QC/QA process: 

I certify that I have performed a quality check of the referenced fault information and design 
response spectrum provided by the geotechnical designer. The quality check is based on 
Seismic Design Criteria (Appendix B), Deterministic PGA Map and ARS Online Report, and the 
Geotechnical Services Design Manual. 

()(S<Q() Go<-t+IA.:er 
Checker (Print) Title 

Date 
05(0£.( ,f.2ot o 

I certify that the referenced project complies with Geotechnical Service's Quality Control/Quality 
Assurance procedures, as described in the memorandum, "Quality Control/Quality Assurance for 
the 2009 Seismic Design Procedures", dated August 12, 2009. 

Functional Supervisor (Print) Title 

Functional Supervisor (Signature) Date 

(This original checklist and signature sheet shall be placed in the geotechnical project file, and a 
copy sent to the Mark Willian of the Geotechnical Services Corporate Unit) . 
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Negative skin friction develops along that portion of the pile shaft 
where settlement of the adjacent soil exceeds the downward displacement of the 
shaft . The "neutral point" is that point of no relative movement between the 
pile and adjacent soil. Belm-1 this point , skin friction acts to support pile 
loads. The ratio of the depth of the neutral point to the length of the pile 
in compressible strata may be roughly approximated as 0. 75. The position of 
the neutral point can be estimated by a trial and error procedure which com
pares the settlement . of the soil to the displacement of adjacent sections of 
the pile. (For further guidance see Reference 14, Pile Design and Construc
tion Practice , by Tomlinson.) 

Observations indicate that a relative downwar d movement of 0.6 inch r 
is expected to be sufficient to mobilize full negative skin friction (Refer- · : 
ence 6 ). 

c. Magnitude of Negative Skin Friction on Single Pile. The peak nega
tive skin friction in granul ar soils and cohesive soils is determined as for 
positive skin friction. 

The peak unit negative skin friction can also be estimated from 
(after Reference 15 , Prediction of Downdrag Load at the Cutler Circle Bridge, 
by Gar langer): 

wher e: fn 

Po 

{3 

unit negative skin friction (to be multiplied by 
area of shaft in zone of subsiding soil relative 

effective 

empirical 

Soil 

Clay 
Silt 
Sand 

vertical stress 

factor from full scale tests 

{3 

0. 20 0. 25 
0. 25 - 0. 35 
0.35 - 0.50 

to pile) 

d. Safety Factor for Negative Skin Friction. Since negative skin fric
tion is usually estimated on the safe side , the factor of safety associated 
with this load is usually unity. Thus: 

Qult 
Qall = ~ - Pn 

where: Qan allowable pile load 

Qult = ultimate pile load 

Fs = factor of safety 

Pn = ultimate negative skin friction load 

7.2- 211 
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San Pedro Creek· Abut 1 (considering Down Drag) 
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Abut l_S•n Pedr~_Downd.rag .apo 
S : \Ongoing\Oavid Wang\202149 . 10 Wilsey Ham Son Padro Cr eek\Pilo Capacity\Abut l_San 
Ped.ro_Downdrag . cpt 

1\XIALLY LOADI NG PILE ANALYSIS PROGRAM - APILI::.plus 
VERSION 5 .0- (C) COPYRIGHT DISOfT,IN<:.,1981- 2008 . 

Snn Pedro Creek-Abut l (with Down Ora; Oe.mlind) 

DF.SIGN~R : Oavid Wong 

Ol\T& 12-16-ll 

P1L& PROP&RTIES 

P&RJH&T&R OF PIL& WITH NONCIRCOLAR SE..""TION~ 
TIP ME/I OF PILE WJTK NONCIRCOLAR S&CriON • 
OOTSIOr. DIAM&T&R OF CIRCOLAR PILE 

0 . 00 IN. 
0. 00 SQF 

30.00 I N. 
28.15 I N. 
70 . 00 f"T. 

INTERNAl. DIAMETER OF CIRCULAR PILE 
PILE LENGTH 
HOOOLOS Or &Ll\STIC1TY 
LENGTH or ENHANCED END SECTION 

• 0. 300E+08 PSI 
10.00 fT. 
28.15 IN. JIITERNAJ. Dili!<ETER OF ENHANCED &.'«! Sf:CTION • 

L&NGTH OF SORrl\C~ SECTION WITH Z&RO SKIN FRICTION • 0. 00 !T. 
I NCREMENT OF PILE LENGTH USED IN COHI10TATION • 1. 00 FT. 

SOIL INFOIL"!ATIONS 

OEPTH 
f"r. 
0.00 
4. 00 
4.00 

31.00 
31.00 
56.00 
56.00 
eo .oo 

SOI L 
TYP& 

CLAY 
CLAY 
CLIIY 
CLl\Y 
SAND 
SAND 
CLl\Y 
CLIIY 

MAXIMUM Ml\XIHUM 
UNIT ONIT 
FRICTION BEARING 

KSF KSf' 
9999.00 99999.00 
9999.00 99999.00 
9999.00 99999.00 
9999.00 99999.00 
9999.00 99999 . 00 
99 99 . 00 99999 . 00 

I.AT&RAI. 
F.II.RTH 
PRESSURE 

0.00 
0.00 
0.00 
0.00 
0.80 
0.80 
0.00 
0 . 00 

UNDlSTORB 
SHEAR 
STRENGTH 

KSr 
0 . 00 
0.00 
0 .00 
0 . 00 
0.00 
0 .00 

&Ft'ECTlvt: 
OtHT 
WEIGH'l' 
LB/CF 

60.00 
60.00 
60.00 
60.00 
68.00 
68.00 
68.00 
68.00 

REHOLD&C 
SHEAR 
STRENGTH 

KSF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

FRICTION 
AIIGL& 
DEGREES 

BEARING 
CAiACITY 
FACTOR 

SLOW 
COO !IT 

0.00 
0.00 
0 . 00 
0. 00 
0. 00 
0 . 00 

0.00 
0 . 00 
0 . 00 
0.00 

40.00 
40.00 
0.00 
0.00 

UNIT SKIN 
FRICTION 

KSF 
0.00 
0.00 
0.00 
0.00 
0.05 
0.05 

0.00 
0.00 
0.00 
0.00 

50.00 
50 . 00 
0.00 
0. oo 

UNIT &NO 
B&AIUNG 

KS!' 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .00 

Paqt 1 

9999 . 00 9 9999. 00 
9999 . 00 99999.00 

• Ca!POTl\TION 1\ESOLT 

Abut 1 San Ptd.ro Downdz:ag. epo 
15.00- 1.50 - 0 . 00 0.00 
15.00 1.50 o.oo 0.00 

0.00 
0.00 

.. .... .. ... .... ....... . ........... . .......... ··· · ··•••~~>•••••· ·· · · 

PILE 
PENETR
ATION 

fT. 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
1.0 
8.0 
9.0 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
11.0 
18. 0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
21.0 
28.0 
29.0 
30.0 
31.0 
32. 0 
33 .0 
34.0 
35.0 
36.0 
31.0 
31.0 
39 . 0 
40.0 
41.0 
42.0 
43 . 0 

• FED. HWY. M&THOD " 

TOTAL 
SKill 
f'RIC 
KU 

0 . 0 
o.o 
0.0 
0.0 
0.0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0.0 
0.0 
0.0 
0 . 0 
0 . 0 
0.0 
0.0 
0 . 0 
0 . 0 
0 . 0 
0.0 
0.0 
0 . 0 
0 . 0 
0.0 
0 . 0 
o.o 
0 . 0 
0 . 0 
0 . 0 
0.0 
0 . 0 
2 . 4 
1 . 4 

12.5 
11 . 8 
23.3 
28.9 
3 4. 8 
40.1 
46.9 
53.2 
59.1 
66.4 

DLTI:M 
END CAPAC-
BEARING ITY 

Kii KIP 
o.o• o. o 
o.o• o.o 
o.o• o.o 
o.o• o.o 
o.o• o. o 
0.0 • 0 . 0 
o.o· o.o 
o.o• o.o 
o.o· o.o 
o.o• o.o 
o.o· o. o 
o.o · o.o 
o.o· o.o 
o.o · o.o 
o.o• o.o 
o.o· o. o 
0.0· 0 . 0 
o.o· o. o 
o.o· o. o 
o.o· o. o 
0.0 · 0 .0 
o.o• o. o 
o.o• o.o 
o.o• o.o 
o.o• o.o 
o.o• o.o 
0.0 ' o.o 
o.o· o.o 
o.o• o.o 
0.0• 0 . 0 
o.o· o.o 
0.0• 0 . 0 

100.7• 103.1 
112.2 ' 119.6 
124.0• 136.5 
136.1' 154 . 0 
148.5• 111.8 
161.2• 190. 2 
114 .2• 209 . 0 
187.5• 228 . 2 
201.0 ' 241.9 
2 14.8 ' 268.1 
22L.0' 280.7 
227.1 • 293 .5 

• ARMY CORPS METHOD • " LAMBDA 2 METHOD • 

Tafl\L 
SKIN 
FRIC 

KIP 
0 . 0 
0.0 
o.o 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0 . 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
o.o 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0 . 0 
3.5 

10.6 
18.0 
25.6 
33.4 
41.6 
49.9 
58.5 
67.3 
16 .4 
85.8 
95.4 

DLTIH 
END CAPAC-
BEARING I'I'Y 

KIP KIP 
o.o• o.o 
o.o• o.o 
o.o• o.o 
o.o· o.o 
0.0* 0.0 
0.0· 0.0 
o.o• o.o 
o.o· o. o 
o.o· o.o 
o.o• o.o 
o.o• o.o 
o.o• o. o 
o.o• o.o 
o.o• o. o 
o.o• o.o 
o.o· o.o 
o.o• o.o 
o.o· o.o 
o.o• o.o 
o.o· o.o 
o.o• o.o 
o.o• o.o 
0.0 • o.o 
o.o• o.o 
o.o• o.o 
0.0 · 0.0 
o.o· o.o 
o.o· o.o 
o.o• o.o 
o .o• o.o 
o.o · o.o 
0.0 • 0 . 0 

75.9* 79.4 
86.6' 91.2 
91.6 ' 115.5 

108.8 ' 134.4 
120.3- 153.8 
1}2.2• 113.7 
1H.3• 194.2 
l$6.6 • 215.1 
169. 3• 236.1 
182 .3' 258.1 
1a1 . s • 213.3 
H2.8• 288.2 

Pago 2 

TOI"AL 
SKIN 
fRIC 

KIP 
0.0 
0.1 
0.5 
1.0 
1.8 
2.1 
3. 9 
5.3 
6. 8 
8. 6 

to . 5 
12 . 6 
14.9 
11.4 
20.1 
22.9 
26.0 
29.2 
32.6 
36.2 
39 . 9 
43.8 
41.9 
52.2 
56.7 
61.3 
66.1 
11.1 
16.2 
81 . 5 
81.0 
92 .1 
98. 4 

104.0 
109.1 
115.3 
121.0 
126.1 
132.3 
131.0 
143.1 
149.3 
155.0 
160.6 

&.~0 

BE.IIRING 
KIP 
0.0* 
o.o• 
0.0 "' 
o.o· 
0 . O• 
o.o• 
0 . 0 • 
o.o· 
0 . 0• 
o. o• 
o. o• 
o. o• 
0 .0· 
o.o• 
o. o· 
o. o• 
o.o• 
o.o· 
o.o• 
o.o• 
o. o• 
o.o• 
o. o• 
o. o· 
o.o· 
o. o• 
o.o· 
o.o• 
o.o· 
o.o• 
o.o• 
o. o• 

46. 6• 
56. 2' 
66.2· 
16.4• 
86 . 9• 
97 ,,. 

108.7• 
120.1• 
131. 7 • 
143 . 6' 
147 .9• 
152.1" 

ULTIH 
Cl\PAC
I'I'Y 
KIP 

0.0 
0.1 
0.5 
1.0 
1.8 
2.8 
3.9 
5.3 
6.8 
8.6 

10 .s 
12 .6 
14.9 
11.4 
20.1 
22.9 
26.0 
29.2 
l2.' 
36.2 
39.9 
43.8 
47.9 
52.2 
56.7 
61.3 
66.1 
11.1 
16.2 
81.5 
81 . 0 
92 . 1 

145 . 0 
160.3 
115.8 
191.1 
201.9 
224.3 
241.0 
251.1 
215.4 
292.9 
302. e 
312.1 



Abut. 1 san Ped~o Downdxag.opo Abut l _ San Pedro_Downdz:ag.apo 

44 . 0 73.3 233. 2' 306.5 10s. 2 198 . 1'" 303 . 3 166.3 156. 3 ' 322 . 6 28.00 o.o o.o• o . o 

45.0 80.3 239 .4• 319.7 11~. 3 203. 3' 318.6 172 . 0 160. 5• 332.5 29.00 0.0 0.0• 0.0 

46.0 87.5 21s. 5• 333.0 125.6 208 . 6• 334.2 117.6 164. sw 342.4 30.00 0.0 o.o• 0.0 

1;1 .0 94.8 251.7• 34 6.5 136. 2 213 . 9' 350.0 183 . 3 169.0• 352. 3 31.00 0.0 o.o• 0.0 

48 . 0 102.4 257. a• 360.2 147.0 219 .1' 366 . 1 189.0 113.2 ' 362 . 2 32.00 4. 2 46.6• 50.8 

49.0 110.1 263. 9' 374.0 158.0 224 .!. 382.4 250.0 177.5• 427 . 5 33 . 00 12 . 9 56.2' 69.1 

50.0 117.9 270.1• 388.0 169. 4 229 . 7• 399.0 260.7 181. 7• 442.3 34.00 21.8 66.2• 88.0 

51.0 126.0 276 . 2 ' 402.2 1so. 8 234 . g+ 415.7 271.4 185. g• 457.3 35.00 31.0 76.4• 107 . 4 

52 . 0 134.2 282. 3' 416.5 192 . 2 240.2. 432.4 282 . 2 190.1' 472.3 36 . 00 40.6 86 . 9"' 127.4 

53.0 142.6 288.5* 431.1 203.7 233 . 5' 437.1 293.1 194 . ., ... 487.5 37 . 00 50.4 97 .6' 148 . 0 

54.0 151.2 294. 6* 445.8 215.1 236 . 3• 451 . 4 304 . 1 198. 6* 502.7 38.00 GO . 5 108.7• 169.2 

55 . 0 159.9 300.2 ' 460 . 1 226 . 5 239.2' 465.7 315.1 202. 8' 518.0 39 . 00 70 . 9 120.1* 191.0 

56.0 168.8 303 . 0' 411.8 238.0 242 . 1' 480.0 326.3 207 .1' 533.3 40 . 00 81.7 131. 7• 213 . 4 

57.0 209.2 187.4. 396 . 1 213.1 187 .... H0.6 367.9 187 .1' 555.4 41 . 00 92.7 143.6 • 236 . 3 

58.0 261.4 184. 8* H6.2 332.0 181.8' 516.8 408.6 184 .a.- 593.4 42.00 104 . 0 147 .9· 251 . 9 

59.0 293 . 7 181. 9' 475 . 7 390 . 9 181. 9* 512 . 9 H8.3 181. 9' 630.3 43.00 115.6 152.1' 267.7 

60.0 326.1 178. 8' 504 . 9 449 . 8 178.8' 628 . 7 487.1 178 .8 • 665.9 44 . 00 127.6 156.3' 283 . 9 

61.0 358.4 115.5* 533.9 508.7 liS . 5"' 684.2 524.9 115 . 5• 700.3 45.00 139.8 160.5• 300 . 3 

62.0 390.8 111.9' 562 . 6 567 . 6 171. ~· 739 . 5 561.8 171. 9' 133.6 4 6.00 152.3 164.8* 317 . 1 

63.0 423.1 168.0* 591.1 626.6 168 . o• 794.6 597.8 168 .o· 765.9 41.00 l65 . 1 169.0' 334 . 1 

64.0 455.5 163 . 9' 619 . 4 685.5 163. ~· 849 . 4 633.1 163. 9' 797.0 48 . 00 178.3 113.2• 351.5 

65 . 0 487 . 8 159. 6' 647.4 744 . 4 159 . ; • 904.0 667.6 159. 6• 827.2 49.00 191.7 177.5' 369.1 

66.0 520 . 2 155. o • 675.2 803 . 3 155 .o• 958.3 701.4 1ss .o• 856.4 50 . 00 205.4 181.7' 387.1 

67.0 552.5 1ss. 5 • 708.0 862.2 lSS . i • 1017.7 734.5 155 . s· 890.0 51.00 219.4 185 .9' 405 . 3 

68.0 58L9 155. 9• 110.8 921.1 155. 9' 1017 . 0 167.0 155. 9' 922.9 52 . 00 233.7 190 .1· 423.9 

69.0 617 . z 156 . J• 773.5 980.0 156. J* 1136.3 798.8 156 . 3• 955.1 53.00 248.3 194.4. 44Z. 7 

10.0 649.6 156 . 7. 806 . 3 1038.9 156. 7 ' 1195. 6 830.1 156. 7• 986.8 54 . 00 263.3 198.6• 461.9 
55.00 218.5 202 .a • 481.3 
56 . 00 294.0 20i . 1• 501.0 
57.00 322.5 207. 2' 5Z9. 7 .......................... 58 . 00 363.9 224 . 5• 588.4 . 1\PI RP-211 (1994) . 59.00 405.5 241.6' 647 . 1 .......... ,. .............. 60 . 00 447.2 258 .6• 705 . 8 
61.00 489.2 275.4;, 764.6 

P!LE TOTAL SKIN END ULTIMATE 62.00 531 .4 292.0' 823 . 4 

PE:NETRJ\TI~ FRTCTION BEAA!NG CI\PI\CITY 63 . 00 513.7 308.5• 882.2 

Fl'. KIP KIP KIP 64.00 616 . 2 324.8 • 941 . 0 

0 . 00 0.0 o.o• 0.0 65.00 658.9 341.0"' 999.9 

1.00 0 . 0 o.o• 0.0 66 . 00 701.8 357 .o • 1058.8 

2.00 0.0 o.o• o.o 67.00 71,4. 8 358 .3• 1103.1 

3.00 0.0 o.o • 0.0 68 . 00 788.0 359 . 6• 1147.6 

4.00 0.0 o.o• 0.0 69.00 831.4 360.8' 1192. 2 

5.00 0.0 0.0* 0.0 70.00 874.9 362.1• 1237.0 

6.00 0 . 0 o.o• 0 . 0 
7.00 0.0 0.0* o.o 
8.00 0 . 0 o.o• 0.0 AN 1\STE:RISK WILL BE Pl.!\CED IN TilE END-BEAA!NG COLUMN 

9 . 00 o.o 0.0* o.o IF TilE TU RESISTANCE: IS CONTROLLED 1\Y THE FRICTION 

10.00 0 . 0 o.o• 0 . 0 OF SOIL PLUG INSIDE 1\N OPEN-EN'DED PIPE PILE. 

11.00 0.0 o.o• o.o 
12.00 0.0 o.o• 0.0 
13.00 0.0 o.o• 0 . 0 
14.00 0 . 0 o .o• 0.0 

~ . ..... ........... * ........ ,. . . .... . ... , ...................... . .. 

15.00 0.0 o .o• 0 . 0 ' COMPOTE LOI\D-DISTRIBDTION AND LOAD-SETTLEMENT • 

16.00 0 . 0 0 .0* o.o ' CURVES FOR }\)(!1\L LOl\DING 

17 . 00 0 . 0 o.o• 0.0 
............ .............. . ....... ... ,..1> •••••••••• " •• •• 

18.00 0 . 0 0.0* o . o 
19.00 0 . 0 o.o• 0 . 0 
20 . 00 o . o o.o• o . o T-7. CURVE NO. OF DEPTH TO CuRVE LOI\0 TMNSFER PILE MOVEMENT 

21.00 0 . 0 0 .0* 0.0 NO. POINTS FT. PSI IN. 

22.00 o.o o.o• 0.0 
23.00 0.0 o.o• 0.0 1 10 0 .OOOOE+OO 

24.00 0 . 0 o .o• 0.0 O.OOOOE+OO 0. OOOOF.•OO 

25 . 00 0.0 o.o• 0.0 0. 2083£-05 0.4800£-01 

26.00 0 . 0 o .o• 0 . 0 0.3412£-05 0. 9300F.-01 

27.00 0.0 0.0· o.o O. 5208E-05 0.1710€+00 
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Abut. l_S~m Pcdre_Oowndrog.opo Abut. l_San Pedto_Oovnd.c•g.~po 
o. 6250£-05 0. 2400&+00 0.1500£+01 0.1200£+00 
0. 69HE-05 0. 3000£+00 0.2250P.+01 0.1800&+00 
0. 6250&-05 o. 6000£+00 0 .3000&+01 o. 2400£+00 
0. 6250£-05 o. 9000£+00 0 . 33HE+01 0 . 2700&+00 
0. 6250£-05 0 .1500£+01 0 .3750£+01 0 . 3000&+00 
0. 6250£-05 0. 6000&+01 0.37SOE+01 0.1500&+01 

10 0 .2025£+01 0. 3750&+01 0.3000&+01 
0. 0000&+00 0. 0000&+00 8 10 0 . 4352£+02 
0.2083&-05 0. 4800E:- 01 0.0000£+00 0.0000&+00 
0.3472&-05 0. 9300&-01 0.1054!+01 0.3000£-01 
0.5201&-05 0.1710£+00 0.2108&+01 0 . 6000£- 01 
c. 6250£-05 o. 2400£•00 0.4217!+01 0.1200&+00 
0.69H!-05 0.3000£+00 0.6325&+01 0 . 1800£+00 
c. 6250&-05 0. 6000&+00 O.U34&+01 0.2400&+00 
c. 6250£-05 0. 9000&+00 0.9418£+01 0.2700&+00 
c. 6250&-05 0.1500£+01 0.1054&+02 0.3000&+00 
c. 6250£-05 0. 6000£+01 0.1054£+02 0 .1500£+01 

10 0. 3958£+01 0.1054£+02 0 .3000£+01 
C .OOOOE+OO 0 .0000£+00 9 10 0. 5596£+02 
(.2083£-05 0. 4800£-01 0.0000&+00 0 . 0000&+00 
C . 3472B-05 0. 9300&-01 0 .1372£+01 0.3000£- 01 
C.S20B£-05 0 .1710£+00 0.2743&+01 o. 6000&-01 
C.6250E-05 0. 2400£+00 0. 5487£+01 0 . 1200£+00 
c. 6944£-05 0. 3000£+00 0 .8230£+01 0 . 1800£+00 
c. 6250£-05 0. 6000 £+00 0.1097£+02 0. 2400E:+OO 
c. 6250P.-05 0. 9000£+00 0 .1234£+02 0 . 2700£+00 
c. 6250&-05 0 .1500&+01 0 .1372&+02 0 . 3000&+00 
c. 6250£-05 0. 6000&+01 0.1372£+02 0 .1500£+01 

10 0. 4000£+01 0.1372£+02 0 . 3000£+01 
0.0000£+00 0.0000&+00 10 10 0.5600£+02 
(.2083&-05 0. 4800£-01 O.OOOOP.+OO 0.0000£+00 
0.3472!-05 o. 9300£-01 o. 7556£+01 0.4800&-01 
0.5208£-05 0.1710£+00 0.12591:•02 o. 9300£- 01 
0. 6250£-05 0.2400£+00 0.1889£+02 0.1710£+00 
0. 6944£-05 0. 3000!:+00 0.2267£+02 0.2400£+00 
0. 6250&-05 o. 6000&+00 0.2519&+02 0.3000£+00 
0.6250&-05 o. 9000£+00 0.2267&+02 o. 6000£•00 
o. 6250£-05 0.1500&+01 0. 2267£+02 0. 9000£+00 
0. 6250£-05 0. 6000&+01 0. 2267£•02 0.1500£+01 

5 10 0. 1752£+02 o. 2267£+02 0 . 6000&+01 
0 . 0000£>00 0. OOOO E:+OO 11 10 0 . 6803F.+02 
0. 2083£-05 0. 4800&-01 o. 0000&+00 o. 0000£+00 
0.3472~-05 0. 9300£-01 0.1151&+02 0. 4800£-01 
0.5208£-05 0.1710£+00 0.1918£+02 0. 9300!:-01 
0.6250~-05 o. 2400£+00 0.2876!:+02 0.11101';+00 
0. 6944!:-05 0. 3000&+00 0.3 452t:o02 0 . 2400£+00 
0. 6250P.-05 0. 6000£+00 0. 3835£+02 o. 3000£+00 
0. 6250£-05 0.9000&+00 o. 3452F.+02 0.6000£+00 
0.6250£-05 0.1500£+01 0. 3452&+02 0. 9000£+00 
o. 6250£-05 0. 6000&+01 0. 3452&+02 0.1500£+01 

10 0.3096£+02 0. 34521:;+02 0. 6000£+01 
0.0000£+00 0.0000£+00 12 10 0.1996&+02 
0.2083£-05 0. 4800£-01 0.0000&+00 0.0000&+00 
0.3472&-05 o. 9300£-01 0.1155£+02 0. 4800&-01 
0.5208&-05 0.1710£+00 0.1925£+02 0.9300E:- 01 
o. 6250!:-05 0. 2400&+00 0.2817£+02 0.1110!:+00 
0. 6944£-05 0 . 3000£+00 0.3465£+02 0. 2400E:+00 
0. 6250!:-05 0.6000£+00 0. 3850£+02 0.3000£+00 
0 . 6250!:-05 0. 9000E:+00 0. 3465£+02 0 . 6000£+00 
o. 6250£-05 0 .1500£+01 0.3465&+02 0 . 9000£+00 
0. 6250£-05 0. 6000£+01 0. 3465&+02 0.1500£+01 

10 0. 3100£+02 0 .34658+02 o. 6000£+01 
0 .0000£+00 O.OOOOE:+OO 
0.3750P.+OO o. 3000£-01 
0. 7500£+00 0. 6000P.-O J 
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TIP LOA!) 

KIP 

0.0000£+00 
0.2263&+02 
0.4526&+02 
o. 9052&+02 
0 . 1810£+03 
0.2716&+03 
0. 3259£+03 
0. 3621&+03 
0 . 3621£+03 
0. 3621&+03 

TOP LOAD 
KIP 

0. 6775&+00 
0. 6115£+01 
0 .3398£+02 
0. 6832£+02 
0 . 3328£+03 
0.5362£+03 
0. 9441£+03 
0. 9827£+03 
0.1053&+04 

Abut 1 Sen Pedro Oovnd.r•g . .apo 
TIP HO\ItMEHT- -

IN. 

0.0000£+00 
o. uoo~-01 
0.3000£-01 
0. 6000£-01 
0. 3900£+00 
0.1260£+01 
0. 2190£+01 
0. 3000£+01 
o. 4500£+01 
0. 6000£+01 

LOAD VERSOS SETTLEMENT CU~VE .......................... , .. .. 

TOP MOVEMENT 
IN. 

0. 4201&-03 
0. 4 201£-02 
0 . 2104~-01 
0. 422~&-01 
0.2012£+00 
0.3502£+00 
0. 9428£+00 
0.1464£+01 
0. 2503£+01 

TIP LOAD 
KIP 

0.1509£100 
0.1~09£+01 
0. 754 4£+01 
0 .1509£+02 
0. 7544£+02 
0 .1015£+03 
0 .1925£+03 
0.2445&•03 
0. 3148&+03 

Paq• 7 

TIP MOVEMENT 
IN. 

0.1000£-03 
0.1000£-02 
0. 5000£-02 
0.1000£- 01 
0 . 5000&-01 
0.1000£+00 
0.5000£+00 
0.1000£+01 
0.2000£+01 



PARIKH 
Practicing in the Geosciences 

JOB c;At{ Pet>@ e-R.rr::r~ 
SHEET NO 
CALCULATED BY 'f. Ok\J\!P WJJ\ 6j 
CHECKED BY 
SCALE 

OF 
DATE \ Z.(tb{LI 
DATE 
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Accumulated Skin Friction (kips) 
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San Pedro Creek - Abut 3 (considering Down Drag) 
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Abut 3_S~n Pedro_ Do"'ndraq . .Gpo 
S: \Ongoing\David wang\20214 9.10 Wilsey Ham San Pedro Croek\Pile Capacity\1\but 3_San 
Pedro_ Downdrag . cpt 

AXIALLY LOADING PILE ANALYSIS PROGRIIH - APILEplus 
VERSION 5 .0- (C) COPYRIGHT ENSOFT , INC. , 1987 - 2008 . 

Sa n Pedro Creek- Abut 3 (considQii.ng town Drag) 

DESIGNER : Davi d Wan9 

DATE : 12- 16- ll 

PILE PROPERTI J::S : 

PERIMETER Of PILE WITH NONCIRCOLAR SECTION• 0 . 00 IN . 
TIP AREA OF PILE WITII NONCIRCOIJ\R SECTION = 0 . 00 SQ!' 
OOTSIDE DIAMETER OF CIRCULAR PILE • 30.00 IN . 
I NTERNAL DIAMETER OF CIRCOLl\11. PILE • 28 . 75 Ill . 
PILE LENGTH = 80 . 00 FT . 
MODULUS OF ELASTICITY • 0 . 300E+08 PSI 
LENGTH Of ENIIANCED END SECTION ~ 10.00 FT . 
INTERNAL DI AMETER OF ENHANCED END SECTION • 28 . 75 I N. 

LENGTH OF SORFACE SECTION WITII ZERO SKI N FRICTION • 0 . 00 FT . 
I NCREMENT OF PILl:: LENGTH OSED IN COMPOTATION • 1. 00 FT . 

SOIL I NFORMATIONS 

DEPTH 
FT. 

0 . 00 
s.oo 
5.00 

23.00 
23.00 
30 . 00 
30.00 
68 . 00 
68.00 
as . oo 

Mi\XIMUM 
UNIT 
t'RICTION 

KSF 
9999 . 00 
9999.00 
9999 . 00 
9999 . 00 

SOI L 
TYPE 

CLAY 
CLAY 
CLAY 
CLAY 
CLAY 
CIJ\Y 
SAND 
SAND 
CLAY 
CIJ\Y 

Ml\XIMtiM 
UNIT 
BEARI NG 

KS f' 
99999 . 00 
99999 . 00 
9 9999 . 00 
99999 . 00 

LATERAL 
EARTH 
PRESSURE 

0 . 00 
0 . 00 
o.oo 
0 . 00 
o.oo 
0 . 00 
0 . 80 
0 . 80 
0 . 00 
o.oo 

UNDIST!JlUl 
SHEAR 
STRENG'l' H 

KSE' 
0.00 
0 . 00 
0 . 00 
0.00 

EFF&CTIVE 
UNIT 
WEIGHT 
LB/CF 

60.00 
60.00 
30.00 
30.00 
60.00 
60.00 
68 .oo 
68 . 00 
68.00 
68 . 00 

REMOLDEt 
SI!EAR 
STRENGTH 

KSF 
0.00 
0.00 
0 . 00 
0.00 

FRICTION 
ANGL& 
DEGREES 

BEARING 
CAPACITY 
FACTOR 

BLOW 
COO NT 

o. 00 
0 . 00 
0 . 00 
0 . 00 

o.oo 
0 . 00 
0.00 
0 . 00 
0.00 
0 . 00 

40 . 00 
40 . 00 

0 . 00 
0 . 00 

ONIT SKIN 
FRICTION 

KS f' 
0 . 00 
0.00 
0 . 00 
0.00 

0 . 00 
0 . 00 
0.00 
0 . 00 
o.oo 
0 . 00 

50 . 00 
50 . 00 

0 . 00 
0 . 00 

ONIT END 
BEARING 

KSF 
0 . 00 
o. oo 
0.00 
0 . 00 

~ .. <)'. 1 

9999.00 99999.00 
9999.00 99999 . 00 
9999.00 99999.00 
9999.00 99999 . 00 
9999. 00 99999 . 00 
9999.00 99999 . 00 

• COMPOTATI ON RESOLT • .......................... ... ..... 

Abut. 3 s:~;n Pcdx:o Downdrag. apo 
0 . 00 - 0.00 - 0 . 00 0 . 00 
0 . 00 0.00 0 . 00 0 . 00 
0 . 00 0.00 0.00 0 . 00 
0 . 00 0.00 0 . 00 0 . 00 

15 . 00 s.oo 0 . 00 0 . 00 
15. 00 5 .00 0 . 00 0 . 00 

0 . 00 
0 . 00 
0 . 00 
0 . 00 
0 . 00 
0 . 00 

.. ............. .......... ., " "' "' •• .. . ........... ........ .. ........... .. .... ., ...... ........ ... 
"' fED . HWY. METHOD "' • ARMr CORPS METHOD • "' L.A.I.'iBDA 2 METHOD • ... .. ................... .. ..... ···"'··········••;..••·· ...................... . 

PILE TOTAL 
PENETR- SKill 
ATION FRIC 

FT . KI? 
0 . 0 0.0 
1.0 0 . 0 
2 . 0 o.o 
3 . 0 0 . 0 
4 . 0 0.0 
5 . 0 0 . 0 
6 . 0 o.o 
7 . 0 0 . 0 
8 .0 0 .0 
9.0 0 . 0 

10 . 0 0 . 0 
ll . O 0 .0 
12 . 0 0.0 
13 . 0 0 . 0 
14 . 0 0 . 0 
15 . 0 0.0 
16. 0 0 . 0 
17 .o o.o 
18 . 0 0 . 0 
19 . 0 0 . 0 
20.0 o.o 
21.0 0 . 0 
22 . 0 0.0 
23.0 o. o 
2 4. 0 0.0 
25 . 0 0 . 0 
26.0 0 . 0 
27 . 0 0 .0 
28.0 o . o 
29 . 0 o.o 
30 . 0 0 . 0 
31.0 l. 7 
32.0 5.1 
33 . 0 8 . 7 
34 . 0 12.5 
35 . 0 16. 5 
36 . 0 20 . 6 
37 . 0 24 . 9 
38.0 29 . 4 
39 . 0 34 . 0 
10 . 0 38 . 8 

ULTIH 
END CAPI\C-
BEJ\RING I TY 

KI P 
o.o• 
0.0 .. 
0 . 0'" 
o. o• 
o.o• 
o.o• 
o. o• 
o.o• 
o.o• 
o.o• 
o.o• 
o.o• 
0.0'"' 
o .o• 
o.o• 
o.o• 
o.o· 
o.o• 
o.o• 
o.o• 
o .o• 
o.o• 
o. o• 
0 . 0 .. 
o.o• 
o. o• 
o.o• 
0.0"" 
0.0• 
o.o• 
0.0• 

69.3' 
78.3' 
87. 6' 
97 .2 . 

101. o• 
111 . 2"'" 
127. 7• 
138 . •• 
149. 4' 
160. 7• 

KIP 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
o.o 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0.0 
0 . 0 
0 . 0 
o.o 
0 . 0 
0 . 0 
0.0 
0 . 0 
0.0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
o . o 
0 . 0 
0.0 
0 . 0 
0 . 0 
o.o 
0 . 0 

71 . 0 
83 . 4 
96.3 

109 . 7 
123 . 5 
137.8 
152.6 
161 . 8 
183 . 4 
199.5 

TOTAL 
SKIN 
FRIC 

KlP 
0 . 0 
0 . 0 
0.0 
0 . 0 
0 . 0 
0 . 0 
0.0 
0 . 0 
0 . 0 
0.0 
0 . 0 
o.o 
0.0 
0 . 0 
0 . 0 
0 . 0 
0.0 
0.0 
0 . 0 
o.o 
0.0 
0.0 
0 . 0 
o.o 
0 . 0 
0.0 
0 . 0 
0.0 
0 . 0 
0 . 0 
0.0 
2 . 4 
1. 4 

12 . 5 
18.0 
23.7 
29 .6 
35 . 8 
4 2 . 2 
48 . 8 
55.8 

END 
BEARING 

KIP 
o.o• 
o.o• 
o.o• 
0.0 "' 
o.o• 
o.o• 
o.o• 
0.0"' 
o.o• 
o. o• 
o.o· 
o.o• 
o.o• 
0.0* 
o.o· 
o.o• 
0 . 0" 
o .o• 
o.o· 
o.o• 
o.o• 
o.o• 
o .o• 
o.o• 
0.0 · 
o.o· 
o.o• 
o.o• 
o.o• 
o.o· 
o.o• 

52 .3• 
60. ,. 
68.8 • 
n.s • 
96.5' 
95 . 8' 

lOS.<• 
115. 3* 
H5 .4• 
ns .e· 
PA<)'e 2 

ULTIM 
CAPAC
ITY 

KI P 
0 . 0 
0.0 
0 . 0 
0.0 
0 . 0 
0.0 
0.0 
0 . 0 
0.0 
0.0 
0 . 0 
0 . 0 
o.o 
o.o 
0.0 
0.0 
0.0 
0 . 0 
o.o 
0.0 
0 . 0 
0 . 0 
o. o 
0 . 0 
o .o 
0 . 0 
0 . 0 
o.o 
0.0 
o.o 
0 . 0 

54.7 
67. 8 
81. 4 
95.5 

110.2 
1 25 .4 
141. 2 
151.4 
174 . 3 
191.6 

TOTAL 
SKI N 
FRIC 

KIP 
0 . 0 
0 . 1 
0 . 4 
0 . 9 
1.7 
2 . 5 
3 . 6 
4 . 7 
5 . 8 
7 . 1 
8 . 4 
9.8 

11.3 
12 . 9 
H.6 
16. 3 
18 . 1 
20 . 0 
22 . 0 
24.1 
26 . 2 
28 . 4 
30 . 7 
33 . 0 
35 . 5 
38 .2 
n .o 
H.O 
47 . 1 
50 .4 
53 . 9 
57.3 
60 . 8 
64 .3 
67 . 7 
71 . 2 
H.7 
78 . 1 
81.6 
82 . 2 
88 . 3 

OLTIM 
END CAPAC-
BEARING ITY 

KIP KIP 
0 . 0 • 0 . 0 
o.o• 0 . 1 
o.o• o.4 
0 . 0 • 0 . 9 
o.o• 1.1 
0 . 0"' 2 . 5 
o.o• 3 . 6 
o.o• 4.7 
o .o• s .e 
0 . 0 • 7.1 
o.o· 8. 4 
o.o• 9.e 
o.o• 11.3 
o.o• 12 . 9 
o.o• 14 . 6 
o .o• 16. 3 
o.o• 18 . 1 
o .o• 20.0 
o.o• 22 . 0 
o.o• 24.1 
o. o• 26.2 
o.o• 28 . 4 
o.o• 30 . 7 
o.o• 33 . 0 
o.o• 35 . 5 
o.o• 38 . 2 
o.o• n.o 
o.o• 4 4 .o 
o.o• n .1 
o.o• 50 . < 
o . o • s3.9 

32 . 1• 89 .4 
39 . 2• 100.0 
46.5' 110.8 
5L 2' 122 . 0 
62 . 2 ' 133 .4 
70.4 ' 145 . 1 
79 . 0 • 157 . 1 
87 . 8 • 1 69 .4 
96.9 ' 179 . 1 

106. 3• 194.6 



Abut :3_San Pedr~_Downd.rag . ilpo Abut 3_Stln Pedro_Downdrag . apo 

41.0 43 . 8 166. e · 210 . 7 62 . 9 141. 1' 204 . 0 94.5 110. s• 205 . 0 15 . 00 0 . 0 0 .0• o . o 

42 . 0 49 . 0 173 .o~ 222.0 70 . 3 146.4"' 216 . 7 100.9 114. 8 • 215 . 7 1 6 . 00 0 . 0 o.o• 0.0 

43 . 0 54 . 3 179 .1* 233 . 4 78 . 0 151. 6* 229 . 6 107.4 119 . 0'" 226.4 17 . 00 0 . 0 0.0· 0 . 0 

44.0 59.8 185 . 2• 245 . 1 85 . 9 156. ~ · 242 . 8 114 . 1 123. 2 • 237. 4 18 . 00 0 . 0 o.o· 0 . 0 

45.0 65.5 191 . 4" 256 . 9 94 . 0 162 . z• 256 . 2 121.0 127. s • 248.5 19 . 00 o.o 0 .0 * 0 . 0 

46.0 71.3 197 .5' 268 . 9 102.4 167. , . 269 . 8 172.3 131. 7 • 304.0 20.00 o . o o.o· 0 . 0 

47 .o 77 . 4 203 . 7• 281.0 111.1 172 . 7• 283 . 8 181.1 135. 9 • 317 . 0 21. 00 0 . 0 o.o • 0 . 0 

48 . 0 83.5 209 . 8 · 293 . 3 120 . 0 178. ~ · 297 . 9 190.1 140.1' 330.3 22 . 00 0 . 0 o.o.- 0 . 0 

49 . 0 89.9 215 . 9' 305 . 8 129.1 183.2 ' 312 . 3 199 . 3 144 . 4 • 343 . 6 23 . 00 0 . 0 0 .0• 0.0 

50.0 96 . 4 222 . 1· 318 . 5 138.5 1ss . s• 326 . 9 208 . 5 148. 6 ' 357 . 1 24 . 00 0.0 o.o• o . o 

51.0 103.1 228 . 2 • 331.3 148.0 193.7 • 341.7 217.9 152. 9 · 370.7 25 . 00 0 . 0 o.o• 0 . 0 

52 . 0 110 . 0 234 . 3' 344.4 157 . 5 199 . ~ · 356 . 5 227. 4 157 . 1' 384 . 4 26 . 00 o.o 0 .0• 0 . 0 

53 . 0 117.1 240 . 5• 357.5 167 . 0 192. 3' 359 . 3 237.0 161. 3' 398. 3 27 . 00 0 . 0 0.0* o . o 

54 . 0 124 . 3 246 . 6• 370 . 9 176. 5 195 . 2• 371.6 246 . 7 16s. s • 412 . 2 28 . 00 0 . 0 o .o • 0 . 0 

55.0 131.7 252 . 7 • 384 . 4 186. 0 198 . ~ · 384.0 256.5 169 . 7• 426.3 29 . 00 0.0 o.o• o.o 

56 . 0 139.2 258. 9• 398.1 195. 5 200. 9• 396.4 266 . 4 114 . o • 440 . 4 30 . 00 0.0 o .o • 0 . 0 

57 . 0 147.0 265.0 ' 412 . 0 205 . 0 203. s • 408.8 27 6 .5 178. 2' 454 . 7 31.00 2. 9 32 .1 ' 35 . 0 

58.0 154.9 271.1' 426.0 214 . 5 206. 6' 421.1 286.6 182. 4' 469 . 1 32.00 8 . 9 39.2 ' 48 . 1 

59 . 0 163.0 277 . 3* 440.2 Z24.0 209 . ; ..- 433.5 296.9 186. 7 • 483.5 33 . 00 15.2 46.S• 61.8 

60 . 0 171.2 283 . 4" 45 4. 6 233 . 5 212 . 4' 445.9 307 . 2 190. 9 ' 498 . 1 3 4.00 21.8 54 . 2• 76.0 

61.0 179 . 6 289 . 5 • 469.2 243 . 0 215 . 2• 458 . 2 317 . 6 195 .1 ' 512 . 7 35.00 28.7 62 .2 • 90 . 9 

62.0 188.2 295 . 7• 483 . 9 252 . 5 218. 1• 470 . 6 328 . 2 199.3' 527.5 36 . 00 35 . 9 70 . 4' 106. 3 

63 . 0 197.0 300 . 7 • 497.7 262.0 221. o• 483 . 0 338.8 203. 6' 542 . 3 37 . 00 43 . 4 19 . 0 "" 1 22 . 3 

64 . 0 205 . 9 303 . 5* 509 . s 271 . 5 223. 9* 495 . 4 349. 5 201. 8 ' 557.3 38 . 00 51.2 87 . 8' 139. 0 

65 . 0 215.1 306 . 4* 521.5 281.0 226 . 7' 507 . 7 360. 2 212. o• 572.3 39 . 00 59 . 2 96 . 9* 156. 2 

66 . 0 224.3 309 . 3' 533 .6 290 . 5 229.6 • 520.1 371.1 216.3 • 587 . 4 40 . 00 67 . 6 106. 3' 173. 9 

67.0 233 . 8 312 .1 ' 545.9 300.0 232.4 ' 532 . 5 382 . l 220.5 • 602 . 5 41.00 76 . 3 110 . 5 • 186. 8 

68.0 243.4 315 . 0 ' 558.4 309 . 5 235 . 3* 544.8 393 . 1 224. 7 • 617 . 8 42 . 00 85.3 114 . 8 ' 200 . 1 

69 . 0 280.1 195 . o• 475.1 343.7 195 . 0• 538 . 8 431.7 195.0 ' 626 . 8 43.00 94 . 6 119 . 0 • 213 . 6 
70.0 328.5 188. o• 516.6 402.7 188.l ' 590 . 7 469 . 5 188. o • 657.6 H . OO 104 .2 123 .2 * 227 . 4 
71.0 361.9 180 . 8 * 542.6 461.6 180 . B• 642.3 506.5 1Bo. a• 687.2 45.00 114 .0 121 .5• 241.5 

12. 0 395 . 2 113 . 2 ' 568.4 520 . 5 173 . 2'* 693 . 7 542.6 173.2 ' 715 . 8 46 . 00 124.2 131. 7 • 255.9 
73.0 428.5 165 . 4•· 593 . 9 579 . 4 165.4 . 744.8 577 . 9 165.4* 743.3 47 . 00 134 . 7 135.9• 270.6 

74 . 0 461.8 157 . 4 . 619.2 638.3 157 . 4• 795 . 7 612.4 157. 4' 769 . 8 48.00 145 . 5 140 .1" 285 . 6 

75.0 495 . 1 149 . 1 10 644 . 2 697.2 1 49.1* 846 . 2 646 . 2 149.1 • 795.3 49 . 00 156.6 144 . 4 • 300.9 
76.0 528.4 140 . s • 668. 9 756 . 1 140.5• 896.6 679.4 140.5 • 819.9 50.00 167 . 9 148.6* 316 . 5 

77 . 0 561.1 131 . 7 • 693 . 4 815 . 0 131.7 • 946.7 711.8 131. 7• 843. 5 51.00 179 . 6 152 .8* 33'- . 4 
78.0 595. 0 122 . 6* 717.6 873.9 12?..6' 996 . 5 743.7 122. 6* 866 . 2 52.00 191.6 157 .1 • 348 . 6 
79.0 628.3 122 . s • 751.2 932 . 8 122 .s • lOSS . 6 774 . 9 122 .8• 897.7 53 . 00 203.9 161.3' 365. 1 

80.0 661.6 123 .1' 784.8 991.7 123.1* 1114. 8 805.5 123.1• 928 . 6 54.00 216.4 165.5· 381.9 
55 . oo 229.3 169.7. 399. 1 
56 . 00 242.5 174.0• 416.5 
57 . 00 255 . 9 178 .2 * 434 . 2 

• • • •• • • • • • • •>lo'* ..-* #t lt *I>:O: A 58 .00 269.7 182.4. 452 . 2 . 1\.~t RP·2A (199 4) 59 . 00 283.8 186. 7• 470.4 ..... ,. .. ... . ., , .. ~ ...... ..... 60.00 298 . 2 190.9* 489 . 0 
61.00 312 . 8 195.1* 507.9 

PILE TctrAL SKill END OLTIMATE 62.00 327 .a 199.3 ' 527.1 

PEN&TAATTON FRICTI ON B&ARING CAPACITY 63 . 00 343 . 1 203 .6' 546 . 6 

fT. KIP KJP KIP 64.00 358 . 6 207 .8 • 566 . 4 

0.00 0 . 0 0.0• 0.0 65 . 00 374.5 212 .0* 586 . 5 

1.00 0 . 0 o.o• 0 . 0 66 . 00 390.1 216 .3• 606 . 9 

2 . 00 o.o o.o• o . o 67 . 00 407 . 1 220 .5• 627.6 

3 .00 0 . 0 0.0 • 0.0 68 . 00 423.9 224 .7• 648 . 6 

4 . 00 0 . 0 o .o• 0.0 69 . 00 453 . 4 215 .2* 668.6 

5 . 00 0 . 0 o.o• 0 . 0 70 . 00 495.6 228 .5• 724.0 

6 . 00 o.o o .o• 0.0 71 . 00 537.9 241.5 • 779.5 

7 .oo 0 . 0 o.o • 0 . 0 12 . 00 580.5 254.4 .. 834 . 9 

8 . 00 0 . 0 o.o• o . o 73.00 623 . 2 267 .1• 890 . 3 

9 . 00 0 . 0 o.o• 0 . 0 74 . 00 666.1 279. 7' 945 . 8 
10. 00 0 . 0 0.0 • 0.0 75 . 00 709.2 292.0 * 1001. 2 

11.00 0 . 0 o.o· 0 . 0 76 . 00 752 . 4 304 .2' 1056. 6 

12.00 0 . 0 o .o • 0 . 0 11 . 00 795.8 316 . 2~ 1112 . 0 

13.00 0 . 0 o .o• o . o 78 . 00 839.4 328 .1 · 1167 . 4 

14 . 00 0 . 0 o . o · 0.0 79 . oo 883 . 1 329 .2• 1212 . 3 
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.Abut 3 San l'edro Downdra.g . upo 1\bue J_San Pedrg~~~;~~=~~ .apo 
80.00 927 . a - 330. 3'- 1257.3 o. 93aOE-Ol 

0.52a8E-a4 O. l710E+a0 
0 .6250E-a4 0 . 2400S+aa 

AN ASTERISK WILL BE PLACED IN THE E~D-BEJ\RIHG COLUMN a. 6911E-04 0.3000£+00 
H" THE TIP RESISTANCE IS CONTROLLED BY THE fRICTION 0. 6250E-a4 0. 60a0£+00 
Of SOIL PLUG I NSIDE AN OP&N•ENDED PIPE PILE. 0. 6250£-04 o. 9000£+00 

0. 6250£- 04 0 . 1500£+01 
0.6250£-04 0 . 6000E+01 

10 0 . 2296£+02 
....... .. ...... . ... . ...... . .......... .......................... .ft ••• 0.0000£+00 0. ao00£+00 
• COMPOTE LOAD- DISTRIBUTION AND LOAD-SETTLEMENT ' 0 . 2083£- 04 0 . 4800£-01 
• CURVES roR AXIAL LOADING . 0.3472 £-04 0. 93COE-01 

·~· ·· · · ·· · ···· · ········· ··· ············· · ········ 
0.5208£-04 O.l710E+ao 
o. 6250£-04 0 . 2400£+00 
0.6911£- 04 0.3000£+00 

T•Z CURVE NO. or Dli:PTH TO CURVE L~AO TRANS FER PILE MOVEMENT o. 6250£-04 0. 6000£+00 
NO. POINTS FT . PSI IN. 0. 6250E-a4 0 . 9a00E+00 

0. 625a£-04 0.1500£+01 
10 0 . 0000£+00 a. 6250t-a4 0. 60a0E+01 

O. OOOOE+Oa 0 . OOOOE+aO 7 1a 0. 23aae+02 
0.2083£-a4 0 . 48aas-a1 a. ooooe+oo 0 . 0000£+00 
0 . 3472E-04 0 . 9300£- 01 a. 2083£- 04 o. 4800£-01 
0 . 5208E-04 0 . 1710£+00 0.3472£-04 0 . 93aaE-Ol 
a . 6250E-04 0 . 2400E+aa a. 5208E-04 0 . 1710E+00 
0. 6944£-04 0. 3000£+00 0. 6250£-04 a . 24aae+oo 
0 . 6250E-a4 0 . 6000£+00 a.69HE- 04 0 .3000E+00 
0. 6250£-04 0 . 9aoas+aa 0. 6250£-04 o. 6000£+00 
0 . 6250E- 04 O. lSOOE+al a. 6250&-o4 0. 9000E+OO 
0. 6250£-04 0.6000&+01 0. 6250£-04 0 . 1500£+01 

10 0 . 2~25E+01 0. 6250£- 04 0. 6000£+01 
:J . OOOOE+OO 0 . OaOOE+OO 8 10 o. 2652E+02 
0.2083£-04 0 . 4800E-a1 0.0000&+00 0 .oaaa£+00 
0 . 3472E-04 0. 9300E-01 a. 2083E- 04 0 . 4800E-01 
l. 5208£-04 a . 1710E+aO 0. 3472£-04 0. 9300£-01 
J. 6250£-04 0. 2400F.+OO a. 5208E-04 0 .1710E+00 
J . 6914E- 04 0 . 3000E+00 0. 6250£-04 a . 24aoe+oo 
0. 62Sae- a• 0 . 6000F. .. 00 0. 6944E-04 0 .3000£+00 
) . 6250E-04 0 . 9000E+OO a.6250E-04 0 . 6000E+00 
l. 6250E-04 0 . 1500E+01 0. 6250£-04 0. gaaaE+OO 
J . 6250£-04 0 . 6000&1 01 0 . 6250£-04 0 .1500£+01 

10 0 .4958£+01 o. 6250£-04 0.6000£+01 
J . 0000£+00 0 .OOOOE+OO 9 \0 o. 2996£+02 
' . 2083£-04 0 . 4800E-01 o . 0000£+00 a.aaaOE+OO 
0 . 3472£-04 0 . 9300£-01 0. 2083£-04 0. 480a&- a1 
l . 5208E-04 0.1710E+OO a . 3472£-04 0 . 9300E-01 
J. 6250£-04 o. 2400£+00 0 . 5208E- 04 0.1710£+00 
l . 6944E-04 0 . 3000Et00 0. 6250E·04 0 . 2400£+00 
J . 6250E-04 o. 6aOOE+00 0 . 6944£- 04 0.3a00£+00 
l . 6250£-04 0. 9000E+00 a. 625a&- 04 a.6aaaE+OO 
J . 6250£-04 0 .1500£+01 0 . 6250£-04 0. 9000&+00 
0 . 6250£-04 0 . 6000£+01 0. 6250£-04 a.}5aOE+01 

1a 0 . 5000&+01 0 . 6250£-04 0. 6000£+01 
1) . OOOOE+OO O.OOOOF.+OO 10 10 0 . 3000E+02 
0 . 2083£- 04 0 . 4800£-01 a . aaaOE+OO O.OOOOE+OO 
0 . 3472&-04 0 . 9300£-01 0. 2583£+00 0.3ooaE-a1 
0 . 5208£-04 0.1710£+00 0 . 5166£+00 0. 6000£-01 
0.6250£-04 a . 21aas+OO 0.1033£+01 a.12aOs+ao 
0 . 6944E-04 0. 3000£+00 0 . 1550£+01 0.1800£+00 
•) . 625a&-a 4 0 . 6000F.+OO 0.2066&+01 0.2400£+00 
0. 6250£- 04 0 . 900a&+Oa 0 . 2325&+01 0. 2700£+00 
0 . 6250E-04 O. l500E+01 0. 2583&+01 a. 30aoe+oo 
o. 6250E-04 0 . 6aOOE+Ol 0 . 2583£+01 0.1500£+01 

10 a . 1403£+02 0 . 2583£+01 0 . 3000£+01 
0 . 0000£+00 0. OOOOE+OO 11 10 a. 4902£+02 
0. 2083&- 04 0. 4800&-01 0. OOOOE+OO o. 0000£+00 
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Abut 3_San Ped.ro_Oowndrag.apo Abut 3_San Ped..co_ oowndra.g.apo 
0 .1006£+01 o. 30ooe-o1 o. 2972E+03 0 . 2190&+01 
0. 2012£+01 0. 6000£- 01 0.3303£+03 o. 3000£+01 
0. 4024£+01 0.1200&+00 0 . 3303£+03 0.4500£101 
0. 6036&+01 0 . 1800!:+00 0.3303E+03 0 . 6000&+01 
0 . 8048£+01 0. 2400&+00 
0.90548+01 0. 2700£+00 
0 . 1006£+02 0 . 3000&+00 
0.1006£+02 0 . 1500£+01 LOAD V&RSOS S&TTLE:MI>NT CURV& 
0.1006&+02 0.3000£+01 ........................... ,. ......... 

12 10 0. 6796&+02 
0 .OOOOE+OO o . 0000&+00 
0 . 1482£+01 0. 3000&-01 
0.2964!!+01 0. 6000£-01 TO~ LOAD TOP MOVD{EI<T TI~ LOAD TIP MOVD{ENT 
0.5928£+01 0 . 1200&+00 KIP IN. KIP IIi. 
0.8893£+01 0.1800&+00 o. 7056£+00 o. 4708&-03 o.1376E+oo 0.1000&- 03 
0.11868+02 0. 2400£+00 0. 70568+01 o. 47o8&-02 0.1376£+01 0.1000&-02 
0.1334&+02 0. 2700E+OO 0.3539£+02 o. 2358&- 01 o. 688lE+01 o. 5ooo&-o2 
0 . 1482£+02 0. 3000&+00 0 . 7ll3S1 02 0. 4734&-01 0.1376&+02 0.1000!:-01 
0.1482E+02 0 . 1500£+01 0 . 3489£+03 o. 2331£+00 0. 6880&+02 0.5000E- 01 
0 . 14821':+02 0 . 3000&+01 0.5735&+03 0. 3970&+00 0. 9257&+07. 0.1000&+00 

l3 10 0. 6800&+02 0.1007£+04 0.107.9£+01 0.17561':+03 0.5000£+00 
0 .OOOOE+OO 0. OOOOE+OO 0.1042&+04 0.1551£+01 0. 223lE+03 0.1000E+01 
0. 7826£+01 0. 4800£- 01 0.1106£+04 0.2591&+01 0 . 2871&+03 0. 2000&+01 
0.1304<1+02 0. 9300&-01 
O.HS6E+02 0 . 1710&+00 
0 . 2348£+02 0. 24008+00 
0 .2609£+02 0. 3000£+00 
0.2348£+02 0. 60008+00 
0 . 2348E+02 0. 9000&+00 
0.2348&+02 0 .1500&+01 
0 . 2348£+02 0. 6000£+01 

14 10 0. 7653£+02 
0 .OOOOE+OO 0. 0000&+00 
0.1151&+02 0 . 4800!!- 01 
0 .1919&+02 o. 9300&-01 
0.2878£+02 0.1710£+00 
0.3451P.+02 0 . 21008+00 
0 .3838&+02 0 .3000£+00 
0 . 3454£+02 0. 6000£+00 
0 .3454£+02 0. 9000&+00 
0.3454£102 0.1500&+01 
0 .3454£+02 0. 6000£+01 

15 10 0 .8496£+02 
0 .OOOOE+OO 0 . 00008+00 0 

0.1164£+02 0.4800£-01 
0.1941&+02 0 . 9300£-01 
0 .2911£+02 0.1710E+OO 
0.3493&+02 0 .2400&+00 
0 .3881£+02 0 .JOOOE+OO 
0.3493&+02 0 . 6000E<OO 
0.3493£+02 o. 9000E+OO 
0.3493&+02 0 .15008+01 
0.3493&+02 0. 6000£+01 

TI~ LOAD TIP MOVEMENT 
KIP IN. 

0 . 0000£+00 0.0000&+00 
0. 2064&+02 0 . 1500&- 01 
0. 4128&+02 0. 3000&-01 
0. 8256&+02 0. 6000!:- 01 
0.1651&+03 0.3900&+00 
0 . 2477£+03 0.1260&+01 
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Bent 2 Sar. Pedco . apo 
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AXIALLY LOADING PILE ANALYSIS PROGRAM - APILEp1us 
VERSION ~.0 - (C) COPtRIGHT F.NSOFT,INC . , 1987-2008. 

San PGdz:o cxeek-Benc. 2 

DESIGNER David Wang 

DATE : 11-20- 11 

PILE PROPERTIES : 

PEIIU!ET£11 Of' PILE IIITH NONCIIICULAR SF.CTIOII• 
TIP AREII OF PILE WITH NONCIRCULIIi\ SECTION • 
OUTSIDE DI IIMJ::TER OF CIRCULAR PILE 
INTERNIIL Dli\METER OF CIRCULAR PIL& 
PlL£ LENGTH 

0.00 I N. 
0.00 SQF 

48.00 I N. 
46. 2~ I N. 
80 . 00 f'T. 

MODULUS 01' &LIISTICITY e 0. 300£+08 PSI 
LENGTH OF ENKN'C&D END SECTION 
INTERNAL DIAMETER OF ENHIINC£0 END SECTION • 

8.00 FT. 
46. 2~ I N. 

LF.MGTH OF SURt'ACE SECTION WITH ZERO SIUN FRICTION • 0.00 FT. 
1 NCRt;M£t.'T OF PILE LENGTH USED IN COMPUTATION • 1.00 FI. 

SOIL i NFORMATIONS 

DEPTH 
t'T. 
0.00 

10.50 
10 .so 
28 .oo 
28 . 00 
60.00 
60.00 
90.00 

SOIL 
TYPE 

CLAY 
CLAY 
CLAY 
CLAY 
SAND 
SAND 
CLAY 
CLAY 

'We IMUM liAXIMtlM 
UlllT UNIT 
FRICTION BEAIUI'G 

KSE" KSf' 
9999.00 99999.00 
9999 . 00 99999 . 00 
9999.00 99999 . 00 
9999.00 99999 . 00 
9999.00 99999 .00 
9999.00 99999 .00 

LATE:RAJ. 
EARTH 
PRESSURE 

o.oo 
0.00 
0.00 
0 . 00 
0.80 
0.80 
0.00 
0.00 

ONDISTURII 
SHEAR 
STRENGTH 

KSF 
0.00 
0.00 
o. 40 
0 . 40 
o.oo 
0.00 

El'f'&CTIV£ 
DNIT 
WEIGHT 
L8/CF 

30.00 
30.00 
30.00 
30.00 
68.00 
68.00 
68 . 00 
68 .00 

1\D'.OLDEt 
SHEAR 
STRENGTH 

KSF 
0.00 
o. oc 
o.oc 
0. oc 
o.oc 
o.oc 

f'RICT10N 
AI(GLE 
DEGII.££j 

BEARING 
CAPACITY 
FACTill\ 

BLOW 
COONT 

o.oo 
0 . 00 
0.00 
0.00 
0.00 
0. 00 

0.00 
0.00 
0.00 
0.00 

40.00 
40.00 

0 . 00 
0.00 

UNIT SKIN 
FRICTION 

KSF 
0.00 
0.00 
0.00 
0 . 00 
0.05 
0.05 

0.00 
0.00 
0.00 
0.00 

~0 .00 
so.oo 
o.oo 
0.00 

UNIT END 
BEARING 

KSF 
0.00 
0 . 00 
0.00 
0 .00 
0.00 
0.00 

Pag~ 1 
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9 999 . 00 99999.00 
9999 . 00 99999.00 

15.00 4.00 0.00 
15. 00 4.00 0.00 

• COMPUTATION R&SULT • 
...... '.".I> •••• •••••••• 

• f'&D. IIWY. METHOD • 

PILE TOTAL 
PENETR- SKIN 
ATION FRIC 

FT . KI P 
o.o o.o 
1 . 0 o. 0 
2 . 0 0 . 0 
3.0 0.0 
4.0 0.0 
5 . 0 0.0 
6 . 0 0.0 
7 . 0 0.0 
8 . 0 0.0 
9.0 0.0 

10.0 0 . 0 
11.0 0.0 
12 . 0 2 . 5 
13 . 0 7 . 5 
14.0 12 . 5 
15.0 17 . 4 
16 .0 22 .4 
17.0 27.4 
18.0 32 . 4 
19.0 37.4 
20 . 0 42.4 
21.0 41.3 
22 . 0 52.3 
23.0 57.3 
24 . 0 62.3 
25.0 67.3 
26 . 0 72.3 
27.0 71.2 
28 . 0 82.2 
29 . 0 89.6 
30 . 0 99.7 
31.0 110.6 
32.0 122.2 
33.0 134 . 5 
34.0 141.5 
35 . 0 161.3 
36.0 175.8 
37 . 0 191.1 
38.0 207.1 
39.0 223.8 
40 . 0 241.2 
41.0 259.4 
42 . 0 279.3 
43 . 0 297.9 

END 
BEARING 

KIP 
o.o · 
o.o· 
0.0· 
o. o• 
o.o• 
o.o· 
0.0· 
0.0• 
o.o· 
0.0· 
o.o• 
o.o· 
3.2• 
3. 2• 
3.2• 
3.2• 
3. 2• 
3.2 · 
3.2• 
3.?• 
3.2· 
3. 2 • 
3.2· 
3.2· 
3.2 · 
3 .2' 
3.2. 
3. 2 ' 
3. 2• 

103. 9' 
117.7• 
131. 9' 
146. s· 
161. 6 ' 
171.2 ' 
193.2• 
209. 7 • 
220.8 ' 
231. a• 
242. 8 • 
253.9 • 
264. 9' 
275. 9 ' 
287. o• 

tJLTIH 
CAPAC
ITY 

KIP 
0.0 
0.0 
0.0 
0 . 0 
0.0 
0 . 0 
0.0 
0.0 
o.o 
0.0 
0 . 0 
0.0 
5 . 7 

10.7 
15. 7 
20. 7 
25.7 
30.6 
35.6 
40.6 
45.6 
50.6 
55 . & 
60.6 
65.5 
70.5 
75.5 
80.5 
8$.5 

193.6 
211.4 
242.5 
268.7 
296 . 1 
324.8 
354.6 
385.6 
411.9 
438.9 
466.6 
495 . 1 
524.3 
554.2 
584 .9 

• A!IMY CORPS METHOD 

TO!'AL 
SKIN 
PRIC 

KIP 
0 . 0 
0 . 0 
0.0 
0 . 0 
0.0 
0 . 0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
2.5 
1. 5 

12.6 
17.6 
22.6 
27.6 
32.7 
37.7 
42.7 
41.8 
52.8 
57.8 
62.8 
67.9 
12.9 
17.9 
82.9 
88.1 
93.6 
99.4 

105.7 
112.3 
119.4 
126.8 
134.6 
142.9 
151.5 
160 . 5 
169.9 
179 . 7 
189.9 
200,5 

tiL TIM 
EBD CAPAC-
BEARING ITY 

KIP KI P 
o.o• o.o 
o.o• o.o 
o.o• o.o 
o.o• o.o 
o.o· o.o 
o.o· o.o 
0.0 · 0.0 
o.o· o.o 
o.o· o.o 
o.o· o.o 
o.o· o.o 
o.o· o.o 
3. 2 . 5 . 8 
3.2· 10 .8 
3.2 ' 15 . 8 
3.2• 20 . 8 
3.2 · 25.9 
3.2• 30 .9 
3.2• 35.9 
3.2 · 40.9 
3.2 • 46 . 0 
3.2' 51.0 
3.2· 56.0 
3.2· 6 1.0 
3.2 · 66.1 
3.2• 71.1 
3.2 • 76.1 
3.2• 81.2 
3.2• 86 . 2 

17.8• 165.9 
89.6• 183.1 

101.8• 201.2 
114.5• 220.2 
127.7• 240 . 0 
111.3• 260.7 
lS$.4 • 282.2 
159. 9 • 304.5 
179.0 ' 321.9 
188.0• 339 . 5 
197.1- 357 . 6 
206.2 ' 376 . 1 
215 . 3 • 395 . 0 
224. 3 • 414.3 
233.4 ' 434 . 0 
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o.oo 
0.00 

0.00 
0.00 

* LAMBDA 2 METHOD 

'l'OTAL 
SKIN 
FRtC 
KIP 
0.0 
0.1 
0. 4 
0. 8 
1.4 
2. 2 
3.2 
4.3 
5.5 
6.9 
8.5 

10.2 
10.4 
13.8 
26.4 
31.5 
36.7 
41.9 
41.0 
52.2 
57.5 
62.7 
68.0 
73.3 
78 . 1 
84.1 
89.5 
95.0 

100 . 5 
107.3 
114.6 
122.3 
130 .• 
138.9 
147.8 
151. 1 
166.7 
176.7 
181. 1 
197.8 
208.8 
220.2 
231.8 
243.8 

Ul.TIM 
END CAPAC• 
BEARING tTY 

KIP KIP 
o.o• o.o 
0.0 • 0 .1 
o.o• 0. 4 
o.o• o.a 
o.o· 1.4 
o.o• 2 . 2 
o.o• 3.2 
0.0 · 4.3 
0.0· 5.5 
o.o· 6.9 
o.o· a.s 
o.o· 10.2 
3 . 2· 13 . 6 
3.2 · 11 . 1 
3.2 • 29 . 6 
3. 2 . 34 .8 
3.2' 39.9 
3.2 • 45.1 
3.2 • 50.3 
3.2· 55.5 
3.2 · 60.7 
3.2· 66.0 
3.2· 71.3 
3.2 ' 76 . 6 
3.2• 81.9 
3.2• 87.3 
3.2 ' 92 . 8 
3.2 ' 98 . 2 
3.2• 103.7 

46.8 • 154.1 
56.2• 110.8 
66.1 ' 198.4 
76. 5 · 206.9 
11.3 ' 226.2 
91.6 ' 246.4 

110.4' 267. 4 
122.6• 289.3 
129.3 ' 306.1 
136.1• 323.2 
142.8 • 340 .6 
149.6• 358.4 
156.3• 376 . 5 
163.1• 394 . 9 
169.8• 413.6 



Bent 2 Snn l?cdt"o. a:po Sent 2 San Pedro.apo 

44.0 318 . 3 29s . o• 616 . 2 211.~ 242 . ~· 4~4.0 2~6.1 176. 6• 432.6 18.00 17 . 2 12 . 2 • 29.~ 

45.0 339 . 4 309.0• 648 . 4 222.9 251.6* 474.5 268.6 183 .3• 451.9 19 . 00 20.2 13.7• 33.9 

46.0 361.2 320.0' 681 . 2 234 . 7 260 .6* 495.3 281. s 190 . 1• 471.5 zo . oo 23 . 2 14 .o• 37.2 

47.0 383 . 7 331.1 .. 114 . 8 246.9 269 .7 . 516.6 294.6 196.8 . 491.4 21.00 26.4 14 . 3* 40.7 

48 .o 407.0 342. 1• 749 . 1 2S9 . 5 278.8* 538 . 2 307 . 9 203.6* 511.S 22 .oo 29.5 14. 6* 44.2 

49.0 431.0 353 . !'· 784 . 2 272.4 287 .a• S60. 3 321.6 210 .3· 531.9 23 .oo 32.8 14 . 9'* n.7 

so. 0 455 . 8 364 . 2* 819 . 9 285 . 8 296.9• 582.7 33S. s 217 . 1• 552.6 24.00 36.1 15.2 . 51.4 

51.0 481.3 375. 2" 856.5 299.5 306 .0 • 605 . 5 349.7 223. 8' 573.S 2S.OO 39.6 15 . 5• 5~ .1 

52.0 S07.5 386.2' 893.7 313 . 7 315.1" 628.8 364.1 230 . 6* 594.6 26.00 43 . 0 15. e• ~8 . 8 

53.0 534.4 397 . 3• 931.7 328.2 324 .1• 652 . 4 378.7 237. 3' 616 . 0 27 .oo 46 . 6 1 6 . 1"' 62.7 

54.0 562 . 1 408 .3• 970.4 343.2 333.2• 676.4 393.6 244 . 1' 637.6 28 . 00 50.2 16. 4* 66.~ 

55.0 590 . 5 419.3' 1009. 8 358 . ~ 342.3' 700.8 408.7 250 . a• 659 . 5 29.00 55 . 2 58. 4* 113.6 

56 . 0 619 . 6 430 . 4'"' 1050.0 374.2 351.4. 725 . 6 424.0 257. 6' 681.5 30.00 61.8 66 . 3• 128.1 

57.0 649 . 5 441.4 . 1090 . 9 390.4 360.4. 750 . 8 439.S 264 . 3' 703.8 31.00 68 . 9 74. 6' 143.5 

se. o 680 . 1 4~2 . 4' 1132 .s 406.9 369 .5' 776 . 4 4S5.3 271. 1* 726.3 32.00 76.S 83. 3• 1S9. 8 

59.0 711.4 463.4 . 1174.8 423 . 8 379 . 6• 802.4 471.2 211. 8* 749.0 33 . 00 84 . 6 92. s• 177.1 

60 . 0 743 . 5 414. s• 1217 . 9 441.1 387 . 7• 828.8 487.4 294. 6* 771.9 34 . 00 93 . 1 102. 1* 195.2 

61.0 830.4 261. 5' 1091. 9 497 . 0 261.5. 758 . 5 558.8 261. ~· 820.2 3~.00 102.2 112 . 1* 214.3 

62.0 92S. 4 252. 2* 1177 . 6 591.2 252 .2• 843.5 628.2 2~2. 2 * 880.4 36 . 00 111 . 7 122.6' 234.3 

63.0 974.1 242.6* 1216. 6 685.5 242.6' 928 . 0 69S.8 242.6* 938 . 3 37.00 121.6 129 . 3 " 251.0 

64.0 1022 . 8 232 .5' 1255.2 779 . 7 232 .s• 1012.2 761.6 232 . 5 • 994 . 1 38 . 00 132.1 136. 1* 268.2 

65 . 0 1071.5 221. 9' 1293.4 874.0 221. 9* 1095. 9 825.9 221. 9* 1047 . 9 39.00 143.0 142.8 ' 285.9 

66.0 1120.2 211. o• 1331.2 968.2 211.0 " 1179 . 2 888.7 211. o • 1099 . 7 40.00 154 . 5 149.6• 304 . 0 

67 . 0 1168 . 9 199. 7' 1368 . ~ 1062. 5 199. 7' 1262.1 9SO .1 199 . 7• 1149.8 41 . 00 166.4 156. 3* 322.7 

68.0 1217 . 6 18'7 . 9"' 1405.4 1156.7 187 . 9* 1344 . 6 1010.3 187. 9" 1198 . 1 42 . 00 178.7 163.1* 341.8 

69.0 1266.3 188 . 2* 14S4 . 5 12Sl. 0 188.2. 1439.2 1069.2 188.2* 1257.4 43.00 191.6 169. 8' 361.4 

70.0 1314 . 9 188. 6• 1503. 5 134~.2 199 .6· 1533.8 1126.9 188. 6• 1315.5 H.OO 204.9 176 . 6"' 381.5 

71.0 1363.6 188 . 9* 1552.5 1439.5 188 .9 · 1628 . 3 1193. 6 188 . 9' 1372.5 45.00 218.7 183. 3' 402.1 

72 . 0 1412.3 189 . 2* 1601.5 1533. 7 189.2* 1722.9 1239.3 189 . 2 • 1428.5 46 . 00 233.0 190 .1' 423.1 

73.0 1461 .0 1e9 . s • 1650. 6 1628.0 189.5• 1Bl7.S 1293.9 189.5* 1483. ~ 47.00 247.8 196. 8' 444.6 

74.0 1509.7 189. 8* 1699. 6 1722. 2 189.8* 1912.0 1347 . 7 189. a• 1537.5 48.00 263.0 203 . 6' 466.6 

75 . 0 1S~8 . 4 190.1' 1748.6 1816.5 190 . 1"' 2006.6 1400.5 190.1• 1590.6 49 . 00 278.8 210 . 3• 489.1 

76.0 1607.1 190 . s• 1797.6 1910 . 7 190 .5' 2101.2 1452.5 190 .5 ' 1642 . 9 50 . 00 29~.0 217 .1' 512 . 0 

77.0 1655 . 8 190. 8' 1846.6 2004.9 190 .8· 2195 . 7 1503. 6 190. 8* 1694.4 51.00 311.7 223 . 8• 535.5 

78.0 \704 . ~ 191 . 1• 1895.6 2099.2 191 . 1" 2290 . 2 1553.9 191.1 ' 1745.0 52.00 328.8 230 . 6 • 5~9.4 

79.0 1753.2 191.3' 1944.5 2193.4 191.3' 2384 . 8 1603. S 191.~· 1794.8 53.00 346.5 237 . 3* 583.8 

80.0 1801.9 191 . 6* 1993.5 2287 . 7 191.6• 2479.3 1 652 . 3 191. 6* 1844.0 54.00 364.6 244.1"' 608.6 
55.00 383.2 250 .a• 634 . 0 
56.00 402.2 257 . 6' 659.8 
57.00 421.8 264.3' 696.1 

...... .. ............. ..... **** 58 . 00 441.8 271 .1* 712.9 . API RP· 2A (1994) 59.00 462.3 217 . 8 ... 740.1 .............. ~··· · ...... 60.00 483 . 3 284 . 6' 767.9 
61 . 00 525.7 292 .1 ' 817.8 

HL£ TOTAL SKIN END ULTIMATE 62.00 589 . 3 313 .5' 902 . 9 

PE!IE'rRATION !'1\lCTI ON BEARlNG CAPACITY 63 . 00 6S3.3 334.8 • 988.1 

f'f . KIP KIP KI P 64.00 717.6 355 .8• 1073.4 

0 . 00 0.0 0 . 0• 0.0 65.00 782.3 376.5' 1158.7 

1. 00 0 . 0 0.0• 0.0 66.00 847.3 396 . 9' 1244.2 

2 . 00 0.0 0.0· 0.0 67.00 912.6 417 . 1• 1329.7 

3 . 00 0 . 0 o.o• 0.0 68.00 978.2 437. o• 1415.2 

4. 00 0 . 0 o. o· 0.0 69.00 1044 . 1 438. 6' 1482. B 

5.00 o . o o . o• 0.0 70 . 00 1110.4 440 . 2. 1550.6 

6 . 00 0 . 0 o. o• 0 . 0 71.00 1176. 9 441. 8"' 1618.7 

7 . 00 0.0 o.o• 0 . 0 72 . 00 1243.8 443 . 3* 1687.1 

8.00 0.0 0.0· 0.0 73.00 1310.9 444 . s• 17S5. 8 

9 . 00 o.o G. o• 0.0 74 . 00 1378.4 446 . 3• 1824.7 

10 . 00 0 . 0 o.o• 0.0 75.00 1446. 1 447 . 8 . 1893.9 

11 . 00 0.0 o. o· o . o 76 . 00 1514.1 449 . 2 • 1963.4 

12 . 00 1.2 • . 4 . ~ . 6 77.00 1~82 . 4 450.7• 2033.1 

13 . 00 3 . 7 5. 6' 9 . 3 78.00 1651.0 452 . 1 * 2103.1 

14.00 6 . 2 6. 9* 13.1 79 . 00 1119.9 4~3 . 5* 2173.4 

15.00 e. 9 8.1 * 17. 0 80 . 00 1789.0 454 . 9"' 2243.9 

16 . 00 11.6 9.5* 21.0 
l7 . 00 14.4 10. 9* 25.2 
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Bunt 2_San Pedro.apo Bent 2_san PedJ:'o.apo 
AN ASTERISK WILL BE PLACED IN THE END-B!WUNG COLUMN 0 . 1679E+01 0.4800E+OO 

IF THE TIP RESIS"rANCE IS CONTROLLED BY THE rRICTION 0.1512£+01 0. 9600E+00 

OF SOIL PLUG INSIDE AN OPEN- ENDED PIPE PILE . 0 . 1512F.+01 0.1440E+01 
0 . 1512&+01 0.2400£+01 
0.1512E+01 0. 9600&+01 

6 10 0 . 2796E+02 ......................... ,,. ........................ ,. ...... 0 . 0000&+00 O.OOOOE+OO 

' COMPUTE LOAD-DISTRIBUTION AND LOAD- SETTLEM£NT • 0 . !>984E+00 0. 7680&- 01 

• CURVES roR 1\XT~L LOADING . 0. 9973&+00 0.1488&+00 ............ ,. .... ,,. ............ ............ ········ ...... 0.1496&+01 0.2736&+00 
0.1795&+01 0.3840E+00 
0. 1995&+01 0.4800&+00 

T-~ CURVE NO. or Dt:PTH TO CURVE LOAD TRANSFER PILE MOV&Mt:NT 0.1795&+01 0. 9600&+00 

NO. POINTS FT . PSI Ill. 0 . 1795&+01 0.1440&+01 
0.1795E+01 0.2400&+01 

10 0. 0000&+00 0.1795&+01 0. 9600&+01 

0 . 0000&+00 0 . OOOOE+OO 7 10 0. 2800&+02 
0 .2083&-05 0. 7680£-01 0 . 0000&+00 0 . 0000&+00 

0. 3472&-05 0.1488&+00 o. 2772E+OO 0.4800&- 01 

0. 5208&- 05 0. 2736&+00 0. 5545E+OO 0.9600&-01 
0. 6250&-05 0 . 3840&+00 O.ll09E+01 0.1920&+00 

0 . 6944&-05 0. 4800&+00 0.1663E+01 0 . 2880&+00 
0 . 6250&-05 0 . 9600&+00 O. 2218E+01 0 . 3840&+00 

0 . 6250£-05 0.1440&+01 0. 2495&+01 0. 4320&+00 
0. 6250&- 05 0 . 2400&+01 o. 2772&+01 0 .4800&+00 

0. 6250£- 05 0. 9600&+01 0.2772&+01 0 .2400&+01 

10 0 .5275&+01 0 . 2772£+01 0 .4800&+01 

0 . OOOOE+OO 0 . 0000&+00 8 10 0. 4402&+02 
0 .2083&-05 0 . 7680&-01 O.OOOOE+OO 0.0000&+00 

0 . 3472&-05 0.1488E+OO 0. 7632&+00 0 .4800&-01 

0 .5208&-05 0. 2736E+00 0.1526&+01 0 . 9600&-01 
0 . 6250&-05 o. 3840E+00 0.3053£+01 0.1920&+00 

0. 6944&- 05 0. 4800£+00 0.4579&+01 0 . 28808+00 
0 . 6250&-05 0. 9600&+00 0. 6106&+01 0.3840£+00 

0 . 6250&- 05 O.l440E+01 0.6869E+01 0 . 4320£+00 
0. 6250&- 05 0 . 2400E+01 0. 7632&+01 0.4800E+OO 
0. 62506-05 0. 9600£+0 1 0. 7632£+01 0 . 2400£+01 

10 0 .1046&+02 0. 7632£+01 0 . 4800&+01 
0. OOOOE+OO 0 . OOOOE:+OO 9 10 0. 5996&+02 
0. 2083&-05 0. 7680&- 01 0.0000£+00 0 . 0000£+00 
0. 3472&-05 0 . 1488£+00 0 . 1160£+01 0. 4800£-01 

0 . 5208B-05 o. 2736&+00 0 . 2320&+01 0 . 9600&-01 

0. 6250&- 05 0 . 3840£+00 0.4 640&+01 0.1920£+00 
0 . 6944£-05 0. 4800£+00 0. 6960&+01 0. 2880£+00 

o. 6250£-05 0 . 9600E+00 0. 9280£+01 0 . 3840E-t 00 

0 . 6250&-05 0.1440£+01 0. 1044&+02 0 . 4320£+00 
0. 6250&-05 0. 2400£+01 0.1160£<·02 0 . 4800&+00 
0 . 6250&-05 o. 9600&+01 0.1160£+02 0 . 2400£+01 

10 0 . 1050&+02 0 . 1160£+02 0 . 4800£+01 

o . ooooe+oo 0. 0000£+00 10 10 0.6000&+02 
0. 2083£-05 0. 7680£- 01 o . OOOOE:+OO 0. 0000&+00 
0 . 3472E.- 05 0.1488£+00 0. 7021£+01 o. 7680£-01 

0.5208£-0~ 0. 2736&+00 0.1170£+02 0.1488£+00 
0 . 6250&-05 0. 3840£+00 0.1755£+02 0 . 2736£+00 
0. 6944&- 05 0 . 4800£+00 0.2106£+02 0. 3840£+00 
0 . 6250£- 05 0. 9600&+00 0. 2340£+02 0 . 4800£+00 
0. 6250£- 05 0 . 1440&+01 0.2106£+02 0. 9600£>00 
0 . 6250£-05 0. 2100£+01 0.2106£+02 0 . 1440&+01 
0. 6250£-05 0 . 9600£+01 0. 2106&+02 0 . 2400&+01 

10 0.1927£+02 0. 2106E+02 0 . 9600£+01 
o. ooooe+oo 0. 0000&+00 11 10 0. H03B+02 
0. 5038&+00 o . 7680£-01 0 . 0000£+00 0. 0000£+00 

0 . 8397£+00 0.1488£+00 0.1128&+02 0. 7680&-01 

0.1260£+01 0. 2736&+00 0.1879&+02 0.1488£+00 

0.1>12£+01 0. 3840£+00 0. 2819E+G2 0.2736&+00 
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12 

TU f,OI\D 
KIP 

O. OOOOE+OO 
0.2843&+02 
0.5686&+02 
0.1137&+03 
0 . 227 4&+03 
0. 34llE+03 
0. 4094&+03 
0 . 4549&+03 
0 . 4549&+03 
0 . 4549E+03 

TOP LOIUl 
KIP 

0. 7859&+00 
0 . 7859::+01 
0.3929!!+02 
0. 7876£+02 
o. 3935&+03 
0. 7290&+03 
0.1824&+04 
0 .1773E+04 
0.1855&+04 

8cnl: 2_san o~~W'3·::;2 
0.37591'+02 
0.3383F.+02 
0. 3383&+02 
o. 3383£+02 
0.3383£+02 

0 . 3840&+00 
0. 4800&+00 
0.9600&+00 
0.1440£+01 
0 . 2400£+01 
0. 9600£+01 

10 0.8996£+02 

TIP HOVtMENT 
I N. 

0. OOOOE+OO 
0.2400&-01 
0. 4800£-01 
0. 9600&-01 
0. 6240&+00 
0.2016&+01 
0 .3504£+01 
o. 4800£+01 
0. 7200&+01 
0. 9600&+01 

0.0000£+00 
0.1146&+02 
0 .1910F.+02 
0. 2865£+02 
0.3438P.+02 
). 3820F.+02 
0 . 3438&<02 
•).3438&>02 
o.3438E+02 
•). 3438£+02 

0.0000&+00 
0 . 7680&-01 
0.1488&+00 
0 . 2736&+00 
0 . 3840£+00 
0. 4800£+00 
0 . 9600£+00 
0 . 1440£+01 
0 . 24 00&~01 
0. 9600&+01 

LOAD vt;ti.SOS St:TrLE.'IENT COllvt; ............................. 
TOP KOVEIC&NT 

IN. 
0. 2818£-03 
0.2818£-02 
0.1409F.-01 
0.2821£-01 
0.1412&+00 
0.2695£+00 
0 . 92ll&+OO 
0.1410&+01 
0. 2434£+01 

TIP LOAD 
KIP 

0.1185&+~0 
0.1185&+01 
0.5923&+01 
0.1185£+02 
0.5923&+02 
0.1146&+03 
0.2007&+03 
0 .2581&+03 
0.3398&+03 

Poqt 7 

T l P MOVEMENT 
1!1. 

0.1000&·03 
0.1000£-02 
0. 5000F.·02 
0.1000&-01 
0.5000£-01 
0.1000£<00 
0.5000£+00 
0 .1000£+01 
0 .2000&+01 
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Parikh Consultants Inc 
SAN PEDRO - FYW 
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Parikh Consultants Inc Nov 29 2012 
SAN PEDRO - FYW GRLWEAP Version 2010 

Gain/Loss 1 at Shaft and Toe 0.500 I 1.000 

Ultimate End Blow Camp. Tension 
Depth Capacity Friction Bearing Count Stress Stress Stroke ENTHRU 
ft kips kips kips blows/ft ksi ksi ft kips-ft 

6.0 17.9 15.1 2.8 0.0 0.000 0.000 10.56 0.0 
12.0 32.9 30.2 2.8 0.0 0.000 0.000 10.56 0.0 
18.0 48.0 45.2 2.8 1.8 13.109 -9.259 5.50 52.1 
24.0 63.1 60.3 2.8 2.2 14.382 -10.087 5.79 50.0 
30.0 239.5 78.0 161.5 12.8 18.507 -8.614 7.09 39.4 
36.0 268.0 106.6 161.5 14.6 18.719 -8.516 7.19 38.8 
42.0 305.1 143.6 161.5 16.6 18.965 -8.590 7.31 38.1 
48.0 350.6 189.1 161.5 19.5 19.318 -8.594 7.46 37.7 
54.0 404.6 243.1 161.5 23.1 19.479 -8.521 7.58 37.2 
60.0 467.1 305.6 161.5 27.6 19.628 -8.378 7.69 36.7 
66.0 1171.5 978.2 193.3 75.6 20.655 -3.469 8.24 35.9 
66.0 1173.9 980.6 193.3 75.8 20.641 -3.481 8.24 35.9 
68.0 1415.5 1222.2 193.3 94.2 20.811 -3.202 8.35 36.3 

Total Continuous Driving Time 26.00 minutes; Total Number of Blows 1106 



GRLWEAP - Version 2010 
WAVE EQUATION ANALYSIS OF PILE FOUNDATIONS 

written by GRL Engineers, Inc. (formerly Goble Rausche Likins 
and Associates, Inc.) with cooperation from Pile Dynamics, Inc. 
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ABOUT THE WAVE EQUATION ANALYSIS RESULTS 

The GRLWEAP program simulates the behavior of a preformed pile driven by 
either an impact hammer or a vibratory hammer. The program is based on 
mathematical models, which describe motion and forces of hammer, driving 
system, pile and soil under the hammer action. Under certain conditions, 
the models only crudely approximate, often complex, dynamic situations. 

A wave equation analysis generally relies on input data, which represents 
normal situations. In particular, the hammer data file supplied with the 
program assumes that the hammer is in good working order. All of the input 
data selected by the user may be the best available information at the time 
when the analysis is performed. However, input data and therefore results 
may significantly differ from actual field conditions. 

Therefore, the program authors recommend prudent use of the GRLWEAP results. 
Soil response and hammer performance should be verified by static and/or 
dynamic testing and measurements. Estimates of bending or other local 
non-axial stresses and prestress effects must also be accounted for by the 

The calculated capacity - blow count relationship, i.e. the bearing graph, 
should be used in conjunction with observed blow counts for the capacity 
assessment of a driven pile. Soil setup occurring after pile installation 
may produce bearing capacity values that differ substantially from those 
expected from a wave equation analysis due to soil setup or relaxation. This 
is particularly true for pile driven with vibratory hammers. The GRLWEAP user 
must estimate such effects and should also use proper care when applying blow 
counts from restrike because of the variability of hammer energy, soil 
resistance and blow count during early restriking. 

Finally, the GRLWEAP capacities are ultimate values. They MUST be reduced by 
means of an appropriate factor of safety to yield a design or working load. 
The selection of a factor of safety should consider the quality of the 
construction control, the variability of the site conditions, uncertainties 
in the loads, the importance of building and other factors. 

Input File: S:\ONGOING\DAVID WANG\202149.10 WILSEY HAM SAN PEDRO CREEK 
\DRIVABILITY\SAN PEDRO FYW. GWW 

Hammer File: C: \Program Files\PDI\GRLWEAP 2010\Resource \HAMMER2003. GW 
Hammer File Version: 2003 (8/11/2011) 

Input File Contents 
SAN PEDRO - FYW 

OUT OSG HAM STR FUL PEL N SPL N-U P-D %SK ISM 0 PHI RSA ITR H-D MXT 
-100 0 22 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pile g Hammer g Toe Area Pile Size Pile Type 
32.170 32.170 111.330 48.000 Pipe 

W Cp A Cp E Cp T Cp CoR ROut step 
5. 700 572.000 470.0 3. 500 0. 800 0. 010 0. 0 

A Cu E Cu T Cu CoR ROut StCu 
0. 000 0. 0 0. 000 0. 000 0. 000 0.0 
LPle APle EPle WPle Peri CI CoR 

68.000 111.33 30000.0 492.000 12.566 0 0. 850 
Manufac Hmr Name HmrType No Seg-s 
DELMAG D 46 1 5 

Ram Wt Ram L Ram Dia MaxStrk RtdStrk Efficy 
10.14 137.80 19.61 10.57 10.56 0. 80 

IB. Wt IB. L IB. Dia IB CoR IB RO 
1. 95 27.95 19.61 0. 900 0. 010 

DEx 
0. 000 

ROut 
0. 010 

CompStrk A Chamber V Chamber C Delay C Duratn Exp Coeff VolCStart Vol CEnd 
22.75 304.30 690.80 0. 001 0. 002 1.250 0. 00 0. 00 
P atm P1 P2 P3 P4 P5 
14.70 975.00 877.50 7 90.00 711.00 0. 00 

Stroke Effie. Pressure R-Weight T-Delay Exp-Coeff Eps-Str Total-AW 
10.5600 0. 8000 975.0000 0. 0000 0.0000 0. 0000 0. 0100 0. 0000 

Qs Qt Js Jt Qx Jx Rati Dept 
0.100 0.100 0. 064 0.150 0. 000 0. 000 0. 000 0. 000 

Research Soil Model: Atoe, Plug, Gap, Q-fac 
0. 000 0. 000 0. 000 0. 000 

Research Soil Model: RD-skn: m, d, toe: m, d 
0. 000 0. 000 0. 000 0. 000 

Res. Distribution 
Dpth Rskn Rtoe Qs Qt Js Jt SU F LimD SU T 
0. 00 0. 40 2. 78 0.10 0.10 0. 20 0.15 2. 00 6.56 168.0 

28.00 0. 40 2. 78 0.10 0.10 0. 20 0.15 2. 00 6.56 168.0 
28.00 0. 34 161.4 7 0.10 0.10 0. 05 0.15 1. 20 6.56 1.0 
60.00 1. 06 161.47 0.10 0.10 0. 05 0.15 1. 20 6. 56 1.0 
60.00 10.00 193.28 0.10 0.10 0. 05 0.15 0. 00 6. 56 0. 0 
68.00 11. 88 193.28 0.10 0.10 0. 05 0.15 0. 00 6.56 0. 0 

Gain/Loss factors: shaft and toe 
0. 50000 0. 00000 0.00000 0.00000 0. 00000 
1.00000 0. 00000 0.00000 0.00000 0. 00000 

Dpth L Wait Strk Pmx% Eff. Stff CoR 
6. 00 0. 00 0. 00 0. 000 0. 000 0. 000 0. 000 0. 000 

12.00 0. 00 0. 00 0. 000 0. 000 0. 000 0. 000 0. 000 
18.00 0. 00 0. 00 0. 000 0. 000 0. 000 0. 000 0. 000 
24.00 0. 00 0. 00 0. 000 0. 000 0. 000 0. 000 0. 000 
30.00 0. 00 0. 00 0. 000 0. 000 0. 000 0. 000 0. 000 
36.00 0. 00 0. 00 0. 000 0. 000 0. 000 0. 000 0. 000 
42.00 0. 00 0. 00 0. 000 0. 000 0. 000 0. 000 0. 000 
48.00 0. 00 0. 00 0. 000 0. 000 0. 000 0. 000 0. 000 
54.00 0. 00 0. 00 0. 000 0. 000 0. 000 0. 000 0. 000 
60.00 0. 00 0. 00 0. 000 0. 000 0. 000 0. 000 0. 000 
66.00 0. 00 0. 00 0. 000 0. 000 0. 000 0. 000 0. 000 
66.02 0. 00 0. 00 0. 000 0. 000 0. 000 0. 000 0. 000 
68.00 0. 00 0. 00 0. 000 0. 000 0. 000 0. 000 0. 000 
0. 00 0. 00 0. 00 0. 000 0. 000 0. 000 0. 000 0. 000 

10.56000 10.57000 

l/tb 



GRLWEAP: WAVE EQUATION ANALYSIS OF PILE FOUNDATIONS 
Version 2010 

English Units 

SAN PEDRO - FYW 

Hammer Model: D 46 Made by: DELMAG 

No. Weight Stiffn CoR C-Slk Dampg 
kips k/inch ft k/ft/s 

2. 028 
2. 028 317807.3 1. 000 0. 0100 
2. 028 317807.3 1. 000 0. 0100 
2. 028 317807.3 1. 000 0. 0100 
2. 028 317807.3 1. 000 0. 0100 

Imp Block 1. 950 157787.2 0. 900 0. 0100 
Helmet 5. 700 76811.4 0. 800 0. 0100 13.8 
Combined Pile Top 81860.2 

HAMMER OPTIONS: 
Hammer File ID No. 22 Hammer Type OE Diesel 
Stroke Option FxdP-VarS Stroke Convergence Crit. 0. 010 
Fuel Pump Setting Maximum 

HAMMER DATA: 
Ram Weight (kips) 10.14 Ram Length (inch) 137.80 
Maximum Stroke (ft) 10.57 
Rated Stroke (ft) 10.56 Efficiency 0. 800 

Maximum Pressure (psi) 975.00 Actual Pressure (psi) 97 5. 00 
Compression Exponent 1. 350 Expansion Exponent 1. 250 
Ram Diameter (inch) 19.61 
Combustion Delay (s) 0. 00100 Ignition Duration (s) 0. 00200 

The Hammer Data Includes Estimated (NON-MEASURED) Quantities 

HAMMER CUSHION 
Cross Sect. Area (in2) 
Elastic-Modulus (ksi) 
Thickness (inch) 
Coeff of Restitution 
RoundOut (ft) 
Stiffness (kips/in) 

572.00 
470.0 
3. 50 

0. 8 
0. 0 

76811.4 

PILE CUSHION 
Cross Sect. Area (in2) 
Elastic-Modulus (ksi) 
Thickness (inch) 
Coeff of Restitution 
RoundOut 
Stiffness 

(ft) 
(kips/in) 

0. 00 
0. 0 

0. 00 
1.0 
0. 0 
0. 0 

SAN PEDRO - FYW 
Parikh Consultants Inc 

11/29/2012 
GRLWEAP Version 2010 

Depth (ft) 
Shaft Gain/Loss Factor 

PILE PROFILE: 
Toe Area 
Pile Size 

L b Top 
ft 

0. 0 
68.0 

Area 
in2 

111.33 
111.33 

(in2) 
(inch) 

E-Mod 
ksi 

30000. 
30000. 

Wave Travel Time 2L/c (ms) 

Pile and Soil Model 

6. 0 
0.500 Toe Gain/Loss Factor 

111.330 Pile Type 
48. 000 

Spec Wt 
lb/ft3 

492.0 
492.0 

8. 092 

Perim C Index 
ft 

12.6 
12.6 

Wave Sp 
ft/s 

16807. 
16807. 

Total Capacity Rut (kips) 

1. 000 

Pipe 

EA/c 
k/ft/s 
198.7 
198.7 

17.9 
No. Weight Stiffn C-Slk T-Slk CoR Soil-S Soil-D Quake LbTop Perim Area 

1 
2 

19 
20 

Toe 

kips k/in ft ft kips s/ft inch 
1. 293 81860 0.010 0.000 0.85 0. 0 0.000 0.100 
1.293 81860 0.000 0.000 1.00 0. 0 0.000 0.100 
1. 293 81860 0.000 0.000 1.00 6. 5 0.200 0.100 
1. 293 81861 0.000 0.000 1.00 8. 5 0.200 0.100 

2. 8 0.150 0.100 

25.866 kips total unreduced pile weight (g= 32.17 ft/s2) 
25.866 kips total reduced pile weight (g= 32.17 ft/s2) 

PILE, SOIL, ANALYSIS OPTIONS: 

ft 
3. 40 
6. 80 

64.60 
68.00 

Uniform pile Pile Segments: Automatic 
No. of Slacks/Splices 

Driveability Analysis 
Soil Damping Option 
Max No Analysis Iterations 
Output Time Interval 
Output Level: Normal 

0 Pile Damping (%) 
Pile Damping Fact. (k/ft/s) 

Smith 
0 Time Increment/Critical 
1 Analysis Time-Input (ms) 

Gravity Mass, Pile, Hammer: 32.170 
Output Segment Generation: Automatic 

32.170 32.170 

Depth 
ft 

6. 00 

Stroke 
ft 

10.56 

Pressure 
Ratio 
1. 00 

Efficy 

0. 800 

INITIAL STATIC ANALYSIS: Total Wt, Sum (R) 
Hammer+Pile Weight > Rult: Pile Runs 

33.5 17.9 

ft in2 
12.6 111.3 
12.6 111.3 
12.6 111.3 
12.6 111.3 

3. 974 

160 
0 

-z/u~ 



SAN PEDRO - FYW 
Parikh Consultants Inc 

Rut 
kips 
17.9 

Bl Ct 
b/ft 

0. 0 

Stroke (ft) Ten Str 
down up ksi 

10.56 0.00 0.00 
0 10.56000 

t Camp Str 
ksi 

1 0 0. 00 
10.57000 

11/29/2012 
GRLWEAP Version 2010 

t ENTHRU 
kip-ft 

0. 0 

Bl Rt 
b/min 

81.8 

SAN PEDRO - FYW 
Parikh Consultants Inc 

11/29/2012 
GRLWEAP Version 2010 

Depth (ft) 
Shaft Gain/Loss Factor 

PILE PROFILE: 
Toe Area 
Pile Size 

L b Top 
ft 

0. 0 
68.0 

Area 
in2 

111.33 
111.33 

(in2) 
(inch) 

E-Mod 
ksi 

30000. 
30000. 

Wave Travel Time 2L/c (ms) 

Pile and Soil Model 

12.0 
0. 500 Toe Gain/Loss Factor 

111.330 Pile Type 
48.000 

Spec Wt 
lb/ft3 

492.0 
492.0 

8. 092 

Perim C Index 
ft 

12.6 
12.6 

Wave Sp 
ft/s 

16807. 
16807. 

Total Capacity Rut (kips) 

1. 000 

Pipe 

EA/c 
k/ft/s 
198.7 
198.7 

32.9 
No. Weight Stiffn C-Slk T-Slk CoR Soil-S Soil-D Quake LbTop Perim Area 

kips k/in ft ft kips s/ft inch 
1 1. 293 81860 0.010 0.000 0.85 0. 0 0.000 0.100 
2 1. 293 81860 0.000 0.000 1.00 0. 0 0.000 0.100 

17 1. 293 81860 0.000 0.000 1.00 4. 5 0.200 0.100 
18 1. 293 81860 0.000 0.000 1.00 8.5 0.200 0.100 
20 1. 293 81861 0.000 0.000 1.00 8. 5 0.200 0.100 

Toe 2. 8 0.150 0.100 

25.866 kips total unreduced pile weight (g= 32.17 ft/ s2) 
25.866 kips total reduced pile weight (g= 32.17 ft/s2) 

Depth 
ft 

12.00 

Stroke 
ft 

10.56 

Pressure 
Ratio 
1.00 

Efficy 

0. 800 

INITIAL STATIC ANALYSIS: Total Wt, Sum (R) 
Hammer+ Pile Weight > Rult: Pile Runs 

33.5 32.9 

ft ft in2 
3. 40 12.6 111.3 
6. 80 12.6 111.3 

57.80 12.6 111.3 
61.20 12.6 111.3 
68.00 12.6 111.3 

3!fo 



SAN PEDRO - FYW 
Parikh Consultants Inc 

Rut 
kips 
32.9 

Bl Ct 
b/ft 

0. 0 

Stroke (ft) Ten Str 
down 

10.56 
0 

up ksi 
0.00 0.00 
10.56000 

i t Camp Str 
ksi 

1 0 0. 00 
10.57000 

11/29/2012 
GRLWEAP Version 2010 

t ENTHRU 
kip-ft 

0. 0 

Bl Rt 
b/min 

81.8 

SAN PEDRO - FYW 
Parikh Consultants Inc 

11/29/2012 
GRLWEAP Version 2010 

Depth (ft) 
Shaft Gain/Loss Factor 

PILE PROFILE: 
Toe Area 
Pile Size 

L b Top 
ft 

0. 0 
68.0 

Area 
in2 

111.33 
111.33 

(in2) 
(inch) 

E-Mod 
ksi 

30000. 
30000. 

Wave Travel Time 2L/c (ms) 

Pile and Soil Model 

18.0 
0.500 Toe Gain/Loss Factor 

111.330 Pile Type 
48.000 

Spec Wt 
lb/ft3 

492.0 
492.0 

8. 092 

Perim C Index 
ft 

12.6 
12.6 

Wave Sp 
ft/s 

16807. 
16807. 

Total Capacity Rut (kips) 

1. 000 

Pipe 

EA/c 
k/ft/s 
198.7 
198.7 

48.0 
No. Weight Stiffn C-Slk T-Slk CoR Soil-S Soil-D Quake LbTop Perim Area 

1 
2 

15 
16 
20 

Toe 

kips k/in ft ft kips s/ft inch 
1.293 81860 0.010 0.000 0.85 0. 0 0.000 0.100 
1. 293 81860 0.000 0.000 1.00 0. 0 0.000 0.100 
1. 293 81860 0.000 0.000 1.00 2.5 0.200 0.100 
1. 293 81860 0.000 0.000 1.00 8. 5 0.200 0.100 
1. 293 81861 0.000 0.000 1.00 8. 5 0.200 0.100 

2. 8 0.150 0.100 

25.866 kips total unreduced pile weight (g= 32.17 ft/s2) 
25.866 kips total reduced pile weight 

Depth 
ft 

18.00 

Stroke 
ft 

10.56 

Pressure 
Ratio 

1. 00 

Efficy 

0. BOO 

(g= 32.17 ft/s2) 

ft ft in2 
3. 40 12.6 111.3 
6. 80 12.6 111.3 

51.00 12.6 111.3 
54.40 12.6 111.3 
68.00 12.6 111.3 

£t.ltb 



SAN PEDRO - FYW 
Parikh Consultants Inc 

Rut Bl Ct Stroke (ft) Ten Str 
kips b/ft down up ksi 
48.0 1.8 5.50 5.52 -9.26 

0 10.56000 

t Camp Str 
ksi 

8 9 13.11 
10.57000 

11/29/2012 
GRLWEAP Version 2010 

t ENTHRU Bl Rt 
kip-ft b/min 

52.1 50.5 

SAN PEDRO - FYW 
Parikh Consultants Inc 

11/29/2012 
GRLWEAP Version 2010 

Depth (ft) 
Shaft Gain/Loss Factor 

PILE PROFILE: 
Toe Area 
Pile Size 

L b Top 
ft 

0. 0 
68.0 

Area 
in2 

111.33 
111.33 

(in2) 
(inch) 

E-Mod 
ksi 

30000. 
30000. 

Wave Travel Time 2L/c (ms) 

Pile and Soil Model 

24.0 
0. 500 Toe Gain/Loss Factor 

111.330 Pile Type 
48.000 

Spec Wt Perim C Index 
lb/ft3 ft 

492.0 12.6 0 
492.0 12.6 0 

8. 092 

Wave Sp 
ft/s 

168 07. 
16807. 

Total Capacity Rut (kips) 

1. 000 

Pipe 

EA/c 
k/ft/s 
198.7 
198.7 

63.1 
No. Weight Stiffn C-Slk T-Slk CoR Soil-S Soil-D Quake LbTop Perim Area 

in2 

13 
14 
2D 

Toe 

kips k/in ft ft kips s/ft inch 
1. 293 81860 0.010 0.000 0.85 0. 0 0.000 0.100 
1.293 81860 0.000 0.000 1.00 0. 0 0.000 0.100 
1.293 81860 0.000 0.000 1.00 0. 5 0.200 0.100 
1. 293 81860 0. 000 0.000 1.00 8.5 0.200 0.100 
1.293 81861 0.000 D.OOO l.OD 8. 5 0.2DO O.lDO 

2. 8 D.l50 D.lOO 

25.866 kips total unreduced pile weight (g= 32.17 ft/s2) 
25.8 66 kips total reduced pile weight 

Depth 
ft 

24.00 

Stroke 
ft 

10.56 

Pressure 
Ratio 
1. DO 

Efficy 

0. 8DO 

(g= 32.17 ft/s2) 

ft ft 
3. 40 12.6 111.3 
6. 80 12.6 111.3 

44.20 12.6 111.3 
47.60 12.6 111.3 
68. DO 12.6 111.3 

?/tb 



SAN PEDRO - FYW 
Parikh Consultants Inc 

Rut 
kips 
63.1 

B1 Ct 
b/ft 

2. 2 

Stroke (ft) Ten Str 
down up ksi 
5.79 5.78 -10.09 

0 10.56000 

t Camp Str 
ksi 

11/29/2012 
GRLWEAP Version 2010 

8 9 14.38 14 

t ENTHRU 
kip-ft 

50.0 

Bl Rt 
b/min 

49.2 
10.57000 

SAN PEDRO - FYW 
Parikh Consultants Inc 

11/29/2012 
GRLWEAP Version 2010 

Depth (ft) 
Shaft Gain/Loss Factor 

PILE PROFILE: 
Toe Area 
Pile Size 

L b Top 
ft 

0. 0 
68.0 

Area 
in2 

111.33 
111.33 

(in2) 
(inch) 

E-Mod 
ksi 

30000. 
30000. 

Wave Travel Time 2L/c (ms) 

Pile and Soil Model 

30.0 
0. 500 Toe Gain/Loss Factor 

111.330 Pile Type 
48.000 

Spec Wt 
lb/ft3 

492.0 
492.0 

8.092 

Perim C Index 
ft 

12.6 
12.6 

Wave Sp 
ft/s 

16807. 
16807. 

Total Capacity Rut (kips) 

1. 000 

Pipe 

EA/c 
k/ft/ s 
198.7 
198.7 

239.5 
No. Weight Stiffn C-Slk T-Slk CoR Soil-S Soil-D Quake LbTop Perim Area 

1 
2 

12 
13 
20 

Toe 

kips k/in ft ft kips s/ft inch 
1. 293 81860 0.010 0.000 0.85 0. 0 0.000 0.100 
1. 293 81860 0.000 0.0001.00 D. 0 0.000 0.100 
1.293 81860 0.000 0.000 1.00 7. 0 0.200 0.100 
1. 293 81860 0.000 0.000 1.00 8. 5 0.200 0.100 
1. 293 81861 0. 000 0. 000 1. 00 11.2 0.115 0.100 

161.5 0.150 0.100 

25.866 kips total unreduced pile weight (g= 32.17 ft/s2) 
25.866 kips total reduced pile weight (g= 32.17 ft/s2) 

Depth 
ft 

30.00 

Stroke 
ft 

10.56 

Pressure 
Ratio 
1. 00 

Efficy 

0. 800 

ft ft in2 
3. 40 12.6 111.3 
6. 80 12.6 111.3 

40.80 12.6 111.3 
44.20 12.6 111.3 
68.00 12.6 111.3 

6/tb 



SAN PEDRO - FYW 
Parikh Consultants Inc 

Rut Bl Ct Stroke (ft) Ten Str 
kips b/ft down up ksi 

239.5 12.8 7.09 7.05 -8.61 
1 0 10.56000 

i t Comp Str 
ksi 

11/29/2012 
GRLWEAP Version 2010 

t ENTHRU Bl Rt 
kip-ft b/min 

9 9 18.51 12 39.4 44.2 
10.57000 

SAN PEDRO - l<'YW 
Parikh Consultants Inc 

11/29/2012 
GRLWEAP Version 2010 

Depth (ft) 
Shaft Gain/Loss Factor 

PILE PROFILE: 
Toe Area 
Pile Size 

L b Top 
ft 

0. 0 
68.0 

Area 
in2 

111.33 
111.33 

(in2) 
(inch) 

E-Mod 
ksi 

30000. 
30000. 

Wave Travel Time 2L/c (ms) 

Pile and Soil Model 

36.0 
0.500 Toe Gain/Loss Factor 

111.330 Pile Type 
48.000 

Spec Wt Perim C Index 
lb/ft3 ft 

492.0 12.6 0 
492.0 12.6 0 

8. 092 

Wave Sp 
ft/s 

16807. 
16807. 

Total Capacity Rut (kips) 

1. 000 

Pipe 

EA/c 
k/ft/s 
198.7 
198.7 

268.0 
No. Weight Stiffn C-Slk T-Slk CoR Soil-S Soil-D Quake LbTop Perim Area 

10 
11 
18 
19 
20 

Toe 

kips k/in ft ft kips s/ft inch 
1. 293 81860 0.010 0.000 0.85 0. 0 0.000 0.100 
1. 293 81860 0.000 0.000 1.00 0. 0 0.000 0.100 
1.293 81860 0.000 0.000 1.00 5. 0 0.200 0.100 
1. 293 81860 0.000 0.000 1.00 8. 5 0.200 0.100 
1. 293 81860 0.000 0.000 1.00 10.0 0.151 0.100 
1. 293 81860 0.000 0.000 1.00 14.5 0.050 0.100 
1. 293 81861 0.000 0.000 1.00 17.2 0.050 0.100 

161.5 0.150 0.100 

25.866 kips total unreduced pile weight (g= 32.17 ft/s2) 
25.866 kips total reduced pile weight (g= 32.17 ft/s2) 

Depth 
ft 

36.00 

Stroke 
ft 

10.56 

Pressure 
Ratio 
1. 00 

Efficy 

0. 800 

ft ft in2 
3. 40 12.6 111.3 
6. 80 12.6 111.3 

34.00 12.6 111.3 
37.40 12.6 111.3 
61.20 12.6 111.3 
64.60 12.6 111.3 
68.00 12.6 111.3 

~llb 



SAN PEDRO - FYW 
Parikh Consultants Inc 

Rut Bl Ct Stroke (ft) Ten Str 
kips b/ft down up ksi 

268.0 14.6 7.19 7.16 -8.52 
1 10.56000 

t Comp Str 
ksi 

11/29/2012 
GRLWEAP Version 2010 

t ENTHRU Bl Rt 
kip-ft b/min 

7 9 18.72 10 38.8 43.8 
10.57000 

SAN PEDRO - FYW 
Parikh Consultants Inc 

11/29/2012 
GRLWEAP Version 2010 

Depth (ft) 
Shaft Gain/Loss Factor 

PILE PROFILE: 
Toe Area 
Pile Size 

L b Top 
ft 

0. 0 
68.0 

Area 
in2 

111.33 
111.33 

(in2) 
(inch) 

E-Mod 
ksi 

30000. 
30000. 

Wave Travel Time 2L/c (ms) 

Pile and Soil Model 

42.0 
0. 500 Toe Ga.in/Loss Factor 

111.330 Pile Type 
48.000 

Spec Wt Perim C Index 
lb/ft3 ft 

492.0 12.6 0 
492.0 12.6 0 

8. 092 

Wave Sp 
ft/s 

16807. 
16807. 

Total Capacity Rut (kips) 

1. 000 

Pipe 

EA/c 
k/ft/s 
198.7 
198.7 

305.1 
No. Weight Stiffn C-Slk T-Slk CoR Soil-S Soil-D Quake LbTop Perim Area 

kips k/in ft ft kips s/ft inch ft ft in2 
1.293 81860 0.010 0.000 0.85 0. 0 0.000 0.100 3. 40 12.6 111.3 
1. 293 81860 0.000 0.000 1.00 0. 0 0.000 0.100 6. 80 12.6 111.3 

8 1. 293 81860 0.000 0.000 1.00 3.0 0.200 0.100 27.20 12.6 111.3 
9 1. 293 81860 0. 000 0. 000 1. 00 8. 5 0.200 0.100 30. 60 12.6 111.3 

16 1. 293 81860 0.000 0.000 1.00 9. 0 0.184 0.100 54.40 12.6 111.3 
17 1. 293 81860 0.000 0.000 1.00 13.9 0.050 0.100 57.80 12.6 111.3 
18 1. 293 81860 0.000 0.000 1.00 16.6 0.050 0.100 61.20 12.6 111.3 
19 1. 293 81860 0.000 0.000 1.00 19.3 0.050 0.100 64.60 12.6 111.3 
20 1. 293 81861 0.000 0.000 1.00 22.0 0.050 0.100 68.00 12.6 111.3 

Toe 161.5 0.150 0.100 

25.866 kips total unreduced pile weight (g= 32.17 ft/ s2) 
25.866 kips total reduced pile weight (g= 32.17 ft/s2) 

Depth Stroke Pressure Efficy 
ft ft Ratio 

42.00 10.56 1. 00 0. 800 

<6/t6 



SAN PEDRO - FYW 
Parikh Consultants Inc 

Rut 
kips 

305.1 

Bl Ct 
b/ft 
16.6 

1 

Stroke (ft) Ten Str 
down up ksi 
7.31 7.29 -8.59 

0 10.56000 

t Camp Str 
ksi 

11 8 18.97 
10.57000 

11/29/2012 
GRLWEAP Version 2010 

t ENTHRU 
kip-ft 

38.1 

Bl Rt 
b/min 

43.5 

SAN PEDRO - FYW 
Parikh Consultants I Inc 

11/29/2012 
GRLWEAP Version 2010 

Depth 
Shaft Gain/Loss 

I (ftl 
Ffctor 

48.0 
0. 500 Toe Gain/Loss Factor 

PILE PROFILE: 
Toe Area 
Pile Size I 

(in2) 
(inch) 

111.330 
48.000 

Pile Type 

L b Top 
ft 

0. 0 
68.0 

Area 
in2 

111.33 
111.33 

E-Mod 
ksi 

30000. 
30000. 

Spec Wt 
lb/ft3 

492.0 
492.0 

Perim C Index 
ft 

Wave Sp 
ft/s 

16807. 
16807. 

12.6 
12.6 

Wave Travel Time rL/ c (ms) 8. 0 92 

Pile and Spil Model Total 
No. Weight Stiffn C-Slk T-Slk CoR Soil-S 

kips k/i
1

h ft ft kips 
1 1.293 818610 0.010 0.000 0.85 0.0 
2 1.293 81860 0.000 0.000 1.00 0.0 
6 1.293 818610 0.000 0.000 1.00 1.0 
7 1.293 81860 0.000 0.000 1.00 8.5 

15 1.293 818610 0.000 0.000 1.00 12.8 
16 1.293 81860 0.000 0.000 1.00 15.9 

i~ i:~~; ~i~~~~ ~:~~~ ~:~~~ i:~~ ;~:~ 
19 1.293 81860 0.000 0.000 1.00 24.1 
20 1.293 81861 0.000 0.000 1.00 26.8 

Toe 161.5 

Capacity Rut 
Soil-D Quake 

s/ft inch 
0.000 0.100 
0.000 0.100 
0.200 0.100 
0.200 0.100 
0.069 0.100 
0.050 0.100 
0.050 0.100 
0.050 0.100 
0.050 0.100 
0.050 0.100 
0.150 0.100 

(kips) 
LbTop 

ft 
3. 40 
6. 80 

20.40 
23.80 
51.00 
54.40 
57.80 
61.20 
64.60 
68.00 

25.866 kips to
1

tal unreduced pile weight (g= 32.17 ft/s2) 
25.866 kips tltal reduced pile weight (g= 32.17 ft/ s2) 

Depth Stro~e Pressure Efficy 
ft 4t Ratio "-" "T LOC 

0. 800 

1. 000 

Pipe 

EA/c 
k/ft/s 
198.7 
198.7 

350.6 
Perim 

ft 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 

Area 
in2 

111.3 
111.3 
111.3 
111.3 
111.3 
111.3 
111.3 
111.3 
111.3 
111.3 

<1/lb 



SAN PEDRO - FYW 
Parikh Consultants Inc 

Rut 
kips 

350.6 

Bl Ct 
b/ft 
19.5 

1 

Stroke (ft) Ten Str 
down up ksi 
7.46 7.42 -8.59 

0 10.56000 

t Comp Str 
ksi 

11 8 19.32 
10.57000 

11/29/2012 
GRLWEAP Version 2010 

t ENTHRU 
kip-ft 

37.7 

Bl Rt 
b/min 

43.0 

SAN PEDRO - FYW 
Parikh Consultants Inc 

11/29/2012 
GRLWEAP Version 2010 

Depth (ft) 
Shaft Gain/Loss Factor 

PILE PROFILE: 
Toe Area 
Pile Size 

L b Top 
ft 

0. 0 
68.0 

Area 
in2 

111.33 
111.33 

(in2) 
(inch) 

E-Mod 
ksi 

30000. 
30000. 

Wave Travel Time 2L/c (ms) 

Pile and Soil Model 

54.0 
0. 500 Toe Gain/Loss Factor 

111.330 Pile Type 
48.000 

Spec Wt Perim C Index 
lb/ft3 ft 

492.0 12.6 0 
492.0 12.6 0 

8. 092 

Wave Sp 
ft/s 

16807. 
16807. 

Total Capacity Rut (kips) 

1. 000 

Pipe 

EA/c 
k/ft/s 
198.7 
198.7 

404.6 
No. Weight Stiffn C-Slk T-Slk CoR Soil-S Soil-D Quake LbTop Perim Area 

kips k/in ft ft kips s/ft inch ft ft in2 
1 1. 293 81860 0.010 0.000 0.85 0. 0 0.000 0.100 3. 40 12.6 111.3 
2 1. 293 81860 0. 000 0.000 1.00 0. 0 0.000 0.100 6. 80 12.6 111.3 
5 1. 293 81860 0. 000 0. 000 1. 00 7.5 0.200 0.100 17.00 12.6 111.3 
6 1. 293 81860 0.000 0.000 1.00 8. 5 0.200 0.100 20.40 12.6 111.3 

13 1. 293 81860 0.000 0.000 1.00 11.5 0.106 0.100 44.20 12.6 111.3 
14 1. 293 81860 0.000 0.000 1.00 15.3 0.050 0.100 47.60 12.6 111.3 
15 1. 293 81860 0.000 0.000 1.00 18.0 0.050 0.100 51.00 12.6 111.3 
16 1. 293 81860 0.000 0.000 1.00 20.7 0.050 0.100 54-40 12.6 111.3 
17 1. 293 81860 0. 000 0.000 1.00 23.5 0.050 0.100 57.80 12.6 111.3 
18 1. 293 81860 0.000 0.000 1.00 26.2 0.050 0.100 61.20 12.6 111.3 
19 1. 293 81860 0.000 0.000 1.00 28.9 0.050 0.100 64.60 12.6 111.3 
20 1. 293 81861 0.000 0.000 1.00 31.6 0.050 0.100 68.00 12.6 111.3 

Toe 161.5 0.150 0.100 

25.8 66 kips total unreduced pile weight (g= 32. 17 ft/ s2) 
25.866 kips total reduced pile weight (g= 32.17 ft/s2) 

Depth Stroke Pressure Efficy 
ft ft Ratio 

54.00 10.56 1. 00 0. 800 

lo/lb 



SAN PEDRO - FYW 
Parikh Consultants Inc 

Rut 
kips 

404.6 

Bl Ct 
b/ft 
23.1 

1 

Stroke (ft) Ten Str 
down up ksi 
7.58 7.57 -8.52 

0 10.56000 

t Camp Str 
ksi 

11 8 19.48 
10.57000 

11/29/2012 
GRLWEAP Version 2010 

t ENTHRU 
kip-ft 

37.2 

B1 Rt 
b/min 

42.7 

SAN PEDRO - FYW 
Parikh Consultants Inc 

11/29/2012 
GRLWEAP Version 2010 

~~h (ft) 
Shaft Gain/:L.oss Factor 

PILE PROFILE: 
Toe Area 
Pile Size 

L b Top 
ft 

0. 0 
68.0 

Area 
in2 

111.33 
111.33 

(in2) 
(inch) 

E-Mod 
ksi 

30000. 
30000. 

Wave Travel Time 2L/c (ms) 

Pile and Soil Model 

60.0 
0. 5 00 Toe Gain/Loss Factor 

111.330 Pile Type 
48.000 

Spec Wt 
lb/ft3 

492.0 
492.0 

8. 092 

Perim C Index 
ft 

12.6 
12.6 

Wave Sp 
ft/s 

16807. 
16807. 

Total Capacity Rut (kips) 

1. 000 

Pipe 

EA/c 
k/ft/s 
198.7 
198.7 

467.1 
No. Weight Stiffn C-Slk T-Slk CoR Soil-S Soil-D Quake LbTop Perim Area 

kips k/in ft ft kips s/ft inch ft ft in2 
1 1. 293 81860 0.010 0.000 0.85 0. 0 0.000 0.100 3. 40 12.6 111.3 
2 1. 293 81860 0.000 0.000 1.00 0. 0 0.000 0.100 6. 80 12.6 111.3 
3 1. 293 81860 0.000 0.000 1.00 5. 5 0.200 0.100 10.20 12.6 111.3 
4 1. 293 81860 0.000 0.000 1.00 8. 5 0.200 0.100 13.60 12.6 111.3 

11 1. 293 81860 0.000 0.000 1.00 10.3 0.142 0.100 37.40 12.6 111.3 
12 1. 293 81860 0.000 0.000 1.00 14.7 0.050 0.100 40.80 12.6 111.3 
13 1. 293 81860 0.000 0.000 1.00 17.4 0. 050 0.100 44.20 12.6 111.3 
14 1. 293 81860 0.000 0.000 1.00 20.1 0.050 0.100 47.60 12.6 111.3 
15 1. 293 81860 0.000 0.000 1.00 22.8 0.050 0.100 51.00 12.6 111.3 
16 1. 293 81860 0.000 0.000 1.00 25.6 0.050 0.100 54.40 12.6 111.3 
17 1.293 81860 0.000 0.000 1.00 28.3 0.050 0.100 57.80 12.6 111.3 
18 1. 293 81860 0.000 0.000 1.00 31.0 0.050 0.100 61.20 12.6 111.3 
19 1. 293 81860 0.000 0.000 1.00 33.7 0.050 0.100 64.60 12.6 111.3 
20 1.293 81861 0.000 0.000 1.00 36.4 0.050 0.100 68.00 12.6 111.3 

Toe 161.5 0.150 0.100 

25.866 kips total unreduced pile weight (g= 32.17 ft/ s2) 
25.866 kips total reduced pile weight (g= 32.17 ft/s2) 

Depth Stroke Pressure Efficy 
ft ft Ratio 

60.00 10.56 1. 00 0. 800 

l ~ !tb 



SAN PEDRO - FYW 
Parikh Consultants Inc 

Rut 
kips 

467.1 

B1 Ct 
b/ft 
27.6 

1 

Stroke (ft) Ten Str 
down up ksi 
7.69 7.68 -8.38 

0 10.56000 

t Camp Str 
ksi 

10 8 19.63 
10.57000 

11/29/2012 
GRLWEAP Version 2010 

i t ENTHRU 
kip-ft 

36.7 

B1 Rt 
b/min 

42.4 

SAN PEDRO - FYW 11/29/2012 
Parikh Consultants Inc GRLWEAP Version 2010 

Depth (ft) 66.0 
Shaft Gain/Loss Factor 0. 500 Toe Gain/Loss Factor 1. 000 

PILE PROFILE: 
Toe Area (in2) 111.330 Pile Type Pipe 
Pile Size (inch) 48. 000 

L b Top Area E-Mod Spec Wt Perim C Index Wave Sp EA/c 
ft in2 ksi lb/ft3 ft ft/s k/ft/s 

0. 0 111.33 30000. 492.0 12.6 0 16807. 198.7 
68.0 111.33 30000. 492.0 12.6 0 16807. 198.7 

Wave Travel Time 2L/c (ms) 8. 092 

Pile and Soil Model Total Capacity Rut (kips) 1171.5 
No. Weight Stiffn C-Slk T-Slk CoR Soil-S Soil-D Quake LbTop Perim Area 

kips k/in ft ft kips s/ft inch ft ft in2 
1. 293 81860 0.010 0.000 0.85 3. 5 0.200 0.100 3. 40 12.6 111.3 
1. 293 81860 0.000 0.000 1.00 8. 5 0.200 0.100 6. 80 12.6 111.3 

9 1. 293 81860 0.000 0.000 1.00 9. 2 0.176 0.100 30.60 12.6 111.3 
10 1. 293 81860 0.000 0.000 1.00 14.0 0.050 0.100 34.00 12.6 111.3 
11 1. 293 81860 0. 000 0. 000 1. 00 16.7 0.050 0.100 37.40 12.6 111.3 
12 1. 293 81860 0.000 0.000 1.00 19.5 0.050 0.100 40.80 12.6 111.3 
13 1. 293 81860 0.000 0.000 1.00 22.2 0.050 0.100 44.20 12. 6 111.3 
14 1. 293 81860 0.000 0.000 1.00 24.9 0.050 0.100 47.60 12.6 111.3 
15 1. 293 81860 0.000 0.000 1.00 27.6 0.050 0.100 51.00 12.6 111.3 
16 1. 293 81860 0.000 0.000 1.00 30.4 0.050 0.100 54.40 12.6 111.3 
17 1. 293 81860 0.000 0.000 1.00 33.1 0.050 0.100 57.80 12.6 111.3 
18 1. 293 81860 0.000 0.000 1.00 35.8 0.050 0.100 61.20 12.6 111.3 
19 1. 293 81860 0. 000 0. 000 1. 00 289.4 0.050 0.100 64.60 12.6 111.3 
20 1. 293 81861 0.000 0.000 1.00 392.1 0.050 0.100 68.00 12.6 111.3 

Toe 193.3 0.150 0.100 

25.866 kips total unreduced pile weight (g~ 32.17 ft/ s2) 
25.866 kips total reduced pile weight (g~ 32.17 ft/s2) 

Depth Stroke Pressure Efficy 
ft ft Ratio 

66.00 10.56 1. 00 0. 800 

t'Z/to 



SAN PEDRO - FYW 
Parikh Consultants Inc 

Rut 
kips 

1171.5 

Bl Ct 
b/ft 
75.6 

1 

Stroke (ft) Ten Str 
down up ksi 
8.24 8. 26 -3.47 

10.56000 

t Comp Str 
ksi 

12 44 20.65 
10.57000 

11/29/2012 
GRLWEAP Version 2010 

t ENTHRU 
kip-ft 

35.9 

Bl Rt 
b/min 

41.0 

SAN PEDRO - FYW 
Parikh Consultants Inc 

11/29/2012 
GRLWEAP Version 2010 

Depth (ft) 
Shaft Gain/Loss Factor 

PILE PROFILE: 
Toe Area 
Pile Size 

L b Top 
ft 

0. 0 
68.0 

Area 
in2 

111.33 
111.33 

(in2) 
(inch) 

E-Mod 
ksi 

30000. 
30000. 

Wave Travel Time 2L/c (ms) 

Pile and Soil Model 

66.0 
0. 500 Toe Gain/Loss Factor 

111.330 Pile Type 
48.000 

Spec Wt 
lb/ft3 

492.0 
492.0 

8. 092 

Perim C Index 
ft 

12.6 
12.6 

Wave Sp 
ft/s 

16807. 
16807. 

Total Capacity Rut (kips) 

1. 000 

Pipe 

EA/c 
k/ft/s 
198.7 
198.7 

1173.9 
No. Weight Stiffn C-Slk T-Slk CoR Soil-S Soil-D Quake LbTop Perim Area 

kips k/in ft ft kips s/ft inch ft ft in2 
1 1.293 81860 0.010 0.000 0.85 3. 6 0.200 0.100 3. 40 12.6 111.3 
2 1. 293 81860 0.000 0.000 1.00 8. 5 0.200 0.100 6. 80 12.6 111.3 
9 1. 293 81860 0.000 0.000 1.00 9. 3 0.176 0.100 30.60 12.6 111.3 

10 1. 293 81860 0.000 0.000 1.00 14.0 0.050 0.100 34.00 12.6 111.3 
11 1. 293 81860 0.000 0.000 1.00 16.8 0.050 0.100 37.40 12.6 111.3 
12 1. 293 81860 0.000 0.000 1.00 19.5 0.050 0.100 40.80 12.6 111.3 
13 1. 293 81860 0.000 0.000 1.00 22.2 0.050 0.100 44.20 12.6 111.3 
14 1. 293 81860 0.000 0.000 1.00 24.9 0.050 0.100 47.60 12.6 111.3 
15 1. 293 81860 0.000 0.000 1.00 27.7 0. 050 0.100 51.00 12.6 111.3 
16 1. 293 81860 0. 000 0. 000 1. 00 30.4 0. 050 0.100 54.40 12.6 111.3 
17 1. 293 81860 0.000 0.000 1.00 33.1 0.050 0.100 57.80 12.6 111.3 
18 1. 293 81860 0.000 0.000 1.00 35.8 0.050 0.100 61.20 12.6 111.3 
19 1. 293 81860 0.000 0.000 1.00 291.4 0.050 0.100 64.60 12.6 111.3 
20 1. 293 81861 0.000 0.000 1.00 392.2 0.050 0.100 68.00 12.6 111.3 

Toe 193.3 0.150 0.100 

25.866 kips total unreduced pile weight (g= 32.17 ft/s2) 
25.866 kips total reduced pile weight (g= 32.17 ft/s2) 

Depth Stroke Pressure Efficy 
ft ft Ratio 

66.02 10.56 1. 00 0. 800 

\3/tb 



SAN PEDRO - FYW 
Parikh Consultants Inc 

Rut 
kips 

1173.9 

Bl Ct 
b/ft 
75.8 

1 

Stroke (ft) Ten Str 
down up ksi 
8.24 8.26 -3.48 

0 10.56000 

t Comp Str 
ksi 

12 44 20.64 
10.57000 

11/29/2012 
GRLWEAP Version 2010 

t ENTHRU 
kip-ft 

35.9 

Bl Rt 
b/min 

40.9 

SAN PEDRO - FYW 
Parikh Consultants Inc 

11/29/2012 
GRLWEAP Version 2010 

Depth (ft) 
Shaft Gain/Loss Factor 

PILE PROFILE: 
Toe Area 
Pile Size 

L b Top 
ft 

0. 0 
68.0 

Area 
in2 

111.33 
111.33 

(in2) 
(inch) 

E-Mod 
ksi 

30000. 
30000. 

Wave Travel Time 2L/c (ms) 

Pile and Soil Model 

68.0 
0. 5 00 Toe Gain/Loss Factor 

111.330 Pile Type 
48.000 

Spec Wt 
lb/ft3 

492.0 
492.0 

8. 092 

Perim C Index 
ft 

12.6 
12.6 

Wave Sp 
ft/s 

16807. 
16807. 

Total Capacity Rut (kips) 

1. 000 

Pipe 

EA/c 
k/ft/s 
198.7 
198.7 

1415.5 
No. Weight Stiffn C-Slk T-Slk CoR Soil-S Soil-D Quake LbTop Perim Area 

kips k/in ft ft kips s/ft inch ft ft in2 
1 1.293 81860 0.010 0.000 0.85 8. 5 0.200 0.100 3. 40 12.6 111.3 
2 1.293 81860 0. 000 0. 000 1. 00 8. 5 0.200 0.100 6. 80 12.6 111.3 
9 1.293 81860 0.000 0.000 1.00 12.1 0.087 0.100 30.60 12.6 111.3 

10 1.293 81860 0.000 0.000 1.00 15.6 0.050 0.100 34.00 12.6 111.3 
11 1. 293 81860 0.000 0.000 1.00 18.3 0.050 0.100 37.40 12.6 111.3 
12 1. 293 81860 0.000 0.000 1.00 21.1 0.050 0.100 40.80 12.6 111.3 
13 1. 293 81860 0.000 0.000 1.00 23.8 0. 050 0.100 44.20 12.6 111.3 
14 1. 293 81860 0.000 0.000 1.00 26.5 0.050 0.100 47.60 12.6 111.3 
15 1. 293 81860 0.000 0.000 1.00 29.2 0.050 0.100 51.00 12.6 111.3 
16 1. 293 81860 0.000 0.000 1.00 32.0 0.050 0.100 54.40 12.6 111.3 
17 1. 293 81860 0.000 0.000 1.00 34.7 0.050 0.100 57.80 12.6 111.3 
18 1. 293 81860 0.000 0.000 1.00 151.3 0.050 0.100 61.20 12.6 111.3 
19 1. 293 81860 0. 000 0. 000 1. 00 380.3 0.050 0.100 64.60 12.6 111.3 
20 1. 293 81861 0. 000 0. 000 1. 00 408.8 0.050 0.100 68.00 12.6 111.3 

Toe 193.3 0.150 0.100 

25.866 kips total unreduced pile weight {g= 32.17 ft/ s2) 
25.866 kips total reduced pile weight (g= 32.17 ft/s2) 

Depth Stroke Pressure Efficy 
ft ft Ratio 

68.00 10.56 1. 00 0. BOO 

\ltftb 



SAN PEDRO - FYW 11/29/2012 SAN PEDRO - FYW 11/29/2012 
Parikh Consultants Inc GRLWEAP Version 2010 Parikh Consultants Inc GRLWEAP Version 2010 

Rut Bl Ct Stroke (ft) Ten Str i t Camp Str t ENTHRU Bl Rt SUMMARY OVER DEPTHS 
kips b/ft down up ksi ksi kip-ft b/min 

1415.5 94.2 8.35 8.37 -3.20 8 23 20.81 36.3 40.7 G/L at Shaft and Toe: 0. 500 1. 000 
Depth Rut Frictn End Bg Bl Ct Com Str Ten Str Stroke ENTHRU 

ft kips kips kips bl/ft ksi ksi ft kip-ft 
6. 0 17.9 15.1 2. 8 0. 0 0. 000 0. 000 10.56 0. 0 

12.0 32.9 30.2 2. 8 0. 0 0. 000 0. 000 10.56 0. 0 
18.0 48.0 45.2 2. 8 1.8 13.109 -9.259 5. 50 52.1 
24.0 63.1 60.3 2. 8 2.2 14. 382 -10.087 5. 79 50.0 
30.0 239.5 78.0 161.5 12.8 18.507 -8.614 7. 09 39.4 
36.0 268.0 106.6 161.5 14.6 18.719 -8.516 7.19 38.8 
42.0 305.1 143.6 161.5 16.6 18. 965 -8.590 7. 31 38.1 
48.0 350.6 189.1 161.5 19.5 19.318 -8.5 94 7. 46 37.7 
54.0 404.6 243.1 161.5 23.1 19.479 -8.521 7. 58 37.2 
60.0 467.1 305.6 161.5 27.6 19. 628 -8.378 7. 69 36.7 
66.0 1171.5 978.2 193.3 75.6 20. 655 -3.469 8. 24 35.9 
66.0 1173.9 980.6 193.3 75.8 20. 641 -3.481 8. 24 35.9 
68.0 1415.5 1222.2 193.3 94.2 20.811 -3.202 8. 35 36.3 

Total Driving Time 26 minutes; Total No. of Blows 1106 

t6ftb 



SAN PEDRO - FYW 11/2 9/2012 
Parikh Consultants Inc GRLWEAP Version 2010 

Table of Depths Analyzed with Driving System Modifiers 

Temp. Wait Equivalent Pressure Stiffn. Cushion 
Depth Length Time Stroke Ratio Efficy. Factor CoR 

ft ft hr ft 
6. 00 68.00 0. 00 10.56 1. 00 0. 80 1. DO 1. DO 

12. DO 68.00 0. 00 10.56 1.00 0. 80 1. DO 1. 00 
18.00 68.00 0. 00 10.56 1. 00 0. 80 1. 00 1. 00 
24.00 68.00 0. 00 10.56 1. 00 0. 80 1. 00 1. 00 
30.00 68.00 0. 00 10.56 1. 00 0. 80 1. 00 1. 00 
36.00 68.00 0. 00 10.56 1.00 0. 80 1. 00 1. 00 
42.00 68.00 0. 00 10.56 1. 00 0. 80 1. 00 1. 00 
48.00 68.00 0. 00 10.56 1. 00 0. 80 1. 00 1. 00 
54.00 68.00 0. 00 10.56 1.00 0. 80 1. 00 1. 00 
60.00 68.00 0. 00 10.56 1. 00 0. 80 1. 00 1. 00 
66.00 68.00 0. 00 10.56 1. 00 0. 80 1. 00 1. 00 
66.02 68.00 0. 00 10.56 1. 00 0. 80 1. 00 1. 00 
68.00 68.00 0. 00 10.56 1. 00 0. 80 1. 00 1. 00 

Soil Layer Resistance Values 
Shaft End Shaft Toe Shaft Toe Soil Limit Setup 

Depth Res. Bearing Quake Quake Damping Damping Setup Distance Time 
ft k/ft2 kips inch inch s/ft s/ft Normlzd ft hrs 

0. 00 0. 40 2. 78 0.100 0.100 0. 200 0.150 1. 000 6.560 168.000 
28.00 0. 40 2. 78 0.100 0.100 0. 200 0.150 1. 000 6.560 168.000 
28.00 0.34 161.4 7 0.100 0.100 0. 050 0.150 0. 333 6. 560 1. 000 
60.00 1. 06 161.47 0.100 0.100 0. 050 0.150 0. 333 6. 560 1. 000 
60.00 10.00 193.28 0.100 0.100 0. 050 0.150 0. 333 6.560 1. 000 
68.00 11.88 193.28 0.100 0.100 0. 050 0.150 0. 333 6. 560 1. 000 

tl.o/(6 
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SETTLEMENT ANALYSIS ._ SAN PEDRO CREEK, CITY OF PACIFICA ._ APPROACH EMBANKMENTS (TYPICAL) 
LOCATION: ABUTMENTS- APPROACH EMBANKMENT 

(6 ft new fill) 
Based on Borings B-1 & B-2 (2003) and R-11 -003 (2011)4 Height of fill = 

Width of fill= 
Fill Density = 

6 ft 
50 ft 

125 pcf 
The embankment loading is modeled as 50 ft wide & plane strain (long embankment) condition with 6 ft of fill 

• The undrained shear strength (Su) is correlated with SPT-N values based on Terzaghi and Peck (1967), and NAVFAC DM-7.1 (1982). 
• Approximate estimation of preconsolidation pressure is based on St.IP ratio per Skempton (1957) and Wood (1990). 
• The modified compression index (Cc/1 +eO) is correlated with natural moisture content based on Lambe and Whitman (1969) Specific lab data is also referenced 
• The recompression index is adopted as 12% o' the virgin compression index, which is typically 5% to 10% of the compression index (Holtz and Kovacs, 1982). 
• The applied pressure is estimated from 2V:1 H distribution of the embankment load. 

EFFECTIVE WEIGHT MIDL.AYER GENERALIZED UNDRAINED PRECONSO-

DEPTH UNIT OF EFFECTIVE APPLIED AVERAGE SHEAR LIDATION 

FROM TO WEIGHT(pcf) LAYER OVERBURDEN PRESSURE SPT-N STRENGTH PRESSURE 

(psf) (psf) PRESSURE (psf) (psf) VALUES (psf) (psf) 

0 
0 4 120 480 240 721 12 1500 6000 
4 9 60 300 630 664 12 1500 6000 
9 13 40 160 860 615 .3 400 1200 

~..----, - --- - ·-13 16 30 90 985 581 3 400 1200 
16 20 30 120 1090 551 ~ 400 1200 -- - - - ·-
20 28 45 360 1330 507 4 450 1350 
28 35 45 315 1668 460 4 500 1668 
35 40 58 290 1970 429 40 

I 
40 45 58 290 2260 405 40 (Dense Sand) 
45 50 58 290 2550 385 40 
50 55 58 290 2840 366 40 

Majority of the settlement is in the normally consolidated (NC) range and from the upper 30' of soft clay. 

SAN PEDRO CREEK -ABUT SETTLEMENT {$:\ONGOING\202"49) 

NATURAL 

WATER 

CONTENT 

(%) 

13 
13 
48 

200 
200 
40 
30 

MODIFIED MODIFIED 

VIRGIN COM- RECOM-

PRESSION PRESSION 

INDEX INDEX 

0.0480 0.0060 
0.0480 0.0060 
0.1879 0.0235 
0.4722 0.0590 
0..4722 0.0590 
0.1516 0.0189 
0.1333 0.0167 

TOTAL SETTLEMENT (IN.) = 

O.C. RANGE SETTLEMENT= 
N.C. RANGE SETTLEMENT= 

\. t./q-

CONSOLIDATION 

SETTLEMENTS (in.) 

oc NC 
0.17 0.00 
0.11 0.00 
0.16 0.81 
0.18 1.97 
0.12 3.08 
0.01 1.95 
0.00 1.18 

0.76 8.99 

0.76 INCHES 
8.99 INCHES 

12/09/11 

SUM 
0.17 
0.11 
0.97 
2.15 
3.20 
1.96 
1.18 

9.75 
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Fig. 22.1(c) 

Unloading 

Upon unloading a soil sample in confined compression 
the sample expands, as illustrated in Fig. 20.5. The 
parameter most C<?mmonly used to measure the expansion 
is 

. :._t;.e c. = swellmdex = A _ 
· . u log u, 

(22.1) 

c. is always much smaller than C0 for virgin compression. 
This is illustrated by the data in Table 22.1. By consoJi .. 
dating a series of specimens to different maximum vertical 
stresses ii,m before unloading, a series of expansion 
curves are o~tained. Such expansion curves tend to be 
parallel. Note, for example, in Fig. 20.5 that the unload 
portion from the first cycle and that from the second cycle 
are approxi~ately parallel. Thus c. is more or less th~ 
same for all ii.,m. 

In Fig. 22.2 values of swell index have been plotted 
against the corresponding liquid limit. c. increases with 
increasing liquid limit, but any relation between c. and 
w1 will be only approximate. 

Reloading 

If a clay is subjected tb many cycles of load and unload, 
the compression and recompression curves tend toward 
each other, i.e., C0 for recompression approximately 
equals C,. · · 

The compressibility of a soil depends very much on the 
stress level in relation to the stress history. For example, 
we can see from Fig. 20.5 that the compressibility of the 
Cambridge clay is much greater in the.v~rgin compression 
range than it is in the recompression range; this means 
the compression index above ii.,m is ·much greater than 
below iium· This important fact pre.sents the engineer 



Settlement Rate Evaluation with Wick Drain 
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MATERIALS TESTING 

ESTIMATED SETTLEMENT CURVES 
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San Pedro Creek Bridge -Approach Embankmentw Summary of Embankment Settlement Rate with Wick Drain 
(6ft new fill +2ft surcharge) 

13-20 
20-28 
28-35 

Wick 

13-20 
20-28 
28-35 

Wick 

20-28 
28-35 

Wick 

13-20 
20-28 
28-35 

0.006 
0.100 
0.200 

0.006 
0.100 
0.200 

0.006 
0.100 
0.200 

0.006 
0.100 
0.200 

Primary 
Settlement- in. 
(100% Consol) 

1.32 
6.96 
2.50 
1.52 

6.96 
2.50 
1.52 

6.96 
2.50 
1.52 

6.96 
2.50 
1.52 

7.0 
8.0 
7.0 

2.6 
2.6 
2.6 

1.6 
1.6 
1.6 

1.1 
1.1 
1.1 

0.012 
0.156 
0.408 

0.078 
1.306 
2.612 

0.218 
3.628 
7.256 

0.163 
2.721 
5.442 

10 
20 
21 

6 
67 
89 

21 
98 
100 

98 
100 

0.32 

1.81 

0.45 
1.68 
1.36 

4.37 

1.47 
2.45 
1.52 

6.73 

1.42 
2.44 
1.52 

6.67 

0.024 
0.313 
0.816 

0.118 
1.959 
3.918 

0.327 
5.442 
10.884 

0.245 
4.082 
8.163 

15 
30 
31 

10 
81 
96 

30 
100 
100 

100 
100 

Reference: Soil Mechanics in Engineering Practice, 3rd edition, Terzaghi, Peck & Mesri (1996) 

1.04 
0.75 
0.47 

2.73 

0.66 
2.03 
1.47 

5.23 

2.08 
2.49 
1.52 

7.41 

2.01 
2.49 
1.52 

7.34 

0.061 
0.781 
2.041 

0.261 
4.354 
8.707 

0.435 
7.256 
14.512 

0.490 
8.163 
16.327 

25 
45 
46 

20 
98 

100 

38 
100 
100 

100 
100 

Degree of Consolidation U = 1- EXP (-2T/Fn) for ideal case assuming negligible smear zone, well resistance and equal vertical strain. 

Fn = ln(n) -3/4, n =wick spacing/equivalent d, Time Factor T = Ch x tlreA2 

Due to organic nature of the soil, vertical drainage is neglected. Consolidation is based on radial drainage only. 

Ch is generally greater than Cv --> use Ch= 1.5 Cv for radial drainage 

Typical Wick Drain (Nilex MD 88 ot MD7407): 4" x 0.25" -->equivalent d = 2(4"+0.25")/3.14 = 2.7" 

San Pedro Creek- Settlement Wick Drain Summary (6 ft+2 ft).xlsx 

1.13 
0.70 

4.29 

1.39 
2.44 
1.52 

6.63 

2.62 
2.50 
1.52 

7.96 

2.50 
1.52 

8.78 

0.184 
2.344 
6.122 

0.522 
8.707 
17.415 

0.726 
12.094 
24.187 

24.490 

50 
80 
81 

36 
100 
100 

55 
100 
100 

100 
100 

3.48 
2.00 
1.23 

7.83 

2.50 
2.50 
1.52 

7.84 

3.80 
2.50 
1.52 

9.14 

2.50 
1.52 

9.80 

Job No. 2002-149.010 

12/9/2011 

0.784 
13.061 
26.122 

1.088 
18.141 
36.281 

16.327 
32.653 

49 
100 
100 

69 
100 
100 

100 
100 

3.39 
2.50 
1.52 

8.73 

4.83 
2.50 
1.52 

10.17 

5.18 
2.50 
1.52 

10.52 

m 



SETTLEMENT ANALYSIS ***SAN PEDRO CREEK, CITY OF PACIFICA *** APPROACH EMBANKMENTS (TYPICAL) 
LOCATION: ABUTMENTS- APPROACH EMBANKMENT 

Height of fill = 
Width of fill= 
Fill Density= 

8 ft 
50 ft 

125 pcf 

(6ft new fill +2ft surcharge) 
Based on Borings B-1 & B-2 (2003) and R-11-003 (2011 )4 
The embankment loading is modeled as 50 ft wide & plane strain (long embankment) condition with 6 ft of fill 

• The undrained shear strength (Su) is correlated with SPT-N values based on Terzaghi and Peck (1967), and NAVFAC DM-7.1 (1982). 
• Approximate estimation of preconsolidation pressure is based on Su'P ratio per Skempton (1957) and Wood (1990). 
• The modified compression index (Cd1 +eO) is correlated with natural moisture content based on Lambe and Whitman (1969) Specific lab data is also referenced. 
• The recompression index is adopted as 12% of the virgin compression index, which is typically 5% to 10% of the compression index (Holtz and Kovacs, 1982). 
• The applied pressure is estimated from 2V: 1 H distribution of the embankment load. 

EFFECTIVE WEIGHT MIDLAYER GENERALIZED UNDRAINED PRECONSO- NATURAL MODIFIED MODIFIED 

DEPTH UNIT OF EFFECTIVE APPLIED AVERAGE SHEAR LIDATION WATER VIRGIN COM- RECOM-

FROM TO WEIGHT(pcf) LAYER OVERBURDEN PRESSURE SPT-N STRENGTH PRESSURE CONTENT PRESSION PRESSION 

(psf) (psf) PRESSURE (psf) .(psf) VALUES (psf) (psf) (%) INDEX INDEX 

0 
0 4 120 480 240 962 12 1500 6000 13 0.0480 0.0060 
4 9 60 300 630 885 12 1500 6000 13 0.0480 0.0060 
9 13 40 160 860 820 3 400 1200 48 0.1879 0.0235 

1200 200 0.4722 0.0590 
1200 200 0.4722 0.0590 

20 28 45 360 1330 676 4 450 1350 40 0.1516 0.0189 
28 35 45 315 1668 613 4 500 1668 30 0.1333 0.0167 
35 40 58 290 1970 571 40 
40 45 58 290 2260 541 40 (Dense Sand) 
45 50 58 290 2550 513 40 
50 55 58 290 2840 488 40 

TOTAL SETTLEMENT (IN.)= 

CONSOLI DATION 

SETTLEMENTS (in.) 

oc NC 
0.20 0.00 
0.14 o,oo 
0.16 ( 1.32 
0.18 
0.12 
0.01 2.50 
0.00 1.52 

0.81 12.30 

O.C. RANGE SETTLEMENT= 0.81 INCHES 
N.C. RANGE SETTLEMENT= 12.30 INCHES 

Majority of the settlement is in the normally consolidated (NC) range and from the upper 30' of soft clay. 

SAN PEDRO CREEK -ABUT SETILEMENT 6ft fill +2ft surcharge {S:\ONGOING\202149} 

12/09/11 

SUM 
0.20 
0.14 
1.48 
3.01 
4.25 
2.51 
1.52 

13.11 



San Pedro Creek Bridge- Approach Embankmentw Summary of Embankment Settlement Rate with Wick Drain 
(6ft new fill, no surcharge) 

13-20 0.006 
20-28 0.100 
28-35 0.200 

Wick 

13-20 0.006 
20-28 0.100 
28-35 0.200 

Wick 

13-20 0.006 
20-28 0.100 
28-35 0.200 

Wick 

13-20 0.006 
20- 28 0.100 
28-35 0.200 

Primary 
Settlement- in. 
(100% Gensel) 

0.81 
5.05 
1.95 
1.18 

5.05 
1.95 
1.18 

5.05 
1.95 
1.18 

5.05 
1.95 
1.18 

7.0 
8.0 
7.0 

2.6 
2.6 
2.6 

1.6 
1.6 
1.6 

1.1 
1.1 
1.1 

0.012 
0.156 
0.408 

0.078 
1.306 
2.612 

0.218 
3.628 
7.256 

0.490 
8.163 
16.327 

10 
20 
21 

6 
67 
89 

21 
98 
100 

49 
100 
100 

0.51 
0.39 
0.25 

1.32 

0.33 
1.31 
1.05 

3.23 

1.06 
1.91 
1.18 

4.95 

1.18 

6.44 

0.024 
0.313 
0.816 

0.118 
1.959 
3.918 

0.327 
5.442 
10.884 

0.735 
12.245 
24.490 

15 
30 
31 

10 
81 
96 

30 
100 
100 

64 
100 
100 

Reference: Soil Mechanics in Engineering Practice, 3rd edition, Terzaghi, Peck & Mesri (1996) 

0.76 
0.59 
0.37 

1.99 

0.48 
1.58 
1.14 

3.86 

1.51 
1.94 
1.18 

5.44 

3.24 
1.95 
1.18 

7.18 

0.781 
2.041 

0.261 
4.354 
8.707 

0.435 
7.256 
14.512 

0.980 
16.327 
32.653 

45 
46 

20 
98 

100 

38 
100 
100 

74 
100 
100 

Degree of Consolidation U = 1- EXP (-2T/Fn) for ideal case assuming negligible smear zone, well resistance and equal vertical strain. 

Fn = ln(n) -3/4, n =wick spacing/equivalent d, Time Factor T = Ch x tlreA2 

Due to organic nature of the soil, vertical drainage is neglected. Consolidation is based on radial drainage only. 

Ch is generally greater than Cv --> use Ch= 1.5 Cv for radial drainage 

Typical Wick Drain (Nilex MD 88 ot MD7407): 4" x 0.25" -->equivalent d = 2(4"+0.25")/3.14 = 2.7" 

San Pedro Creek- Settlement Wick Drain Summary (6ft fill).xlsx 

0.88 
0.54 

3.13 

1.01 
1.90 
1.18 

4.88 

1.90 
1.95 
1.18 

5.84 

3.76 
1.95 
1.18 

7.70 

2.344 
6.122 

0.522 
8.707 
17.415 

0.726 
12.094 
24.187 

27.211 
54.422 

50 
80 
81 

36 
100 
100 

55 
100 
100 

90 
100 
100 

1.56 
0.96 

5.73 

1.81 
1.95 
1.18 

5.75 

2.75 
1.95 
1.18 

6.69 

4.53 
1.95 
1.18 

8.47 

Job No. 2002-149.010 

12/9/2011 

0.784 
13.061 
26.122 

1.088 
18.141 
36.281 

2.041 
34.014 
68.027 

49 
100 
100 

69 
100 
100 

94 
100 
100 

2.46 
1.95 
1.18 

6.40 

3.50 
1.95 
1.18 

7.44 

4.76 
1.95 
1.18 

8.70 

fj 



\.. 

SETTLEMENT ANALYSIS ***SAN PEDRO CREEK, CITY OF PACIFICA *** APPROACH EMBANKMENTS (TYPICAL) 

LOCATION: ABUTMENTS- APPROACH EMBANKMENT 
(6ft new fill) 

Based on Borings B-1 & B-2 (2003) and R-11-003 (2011)4 Height of fill = 
Width of fill= 

Fill Density= 

6 ft 
50 ft 

125 pcf 
The embankment loading is modeled as 50 ft wide & plane strain (long embankment) condition with 6 ft of fill 

• The undrained shear strength (Su) is correlated with SPT-N values based on Terzaghi and Peck (1967), and NAVFAC DM-7.1 (1 982). 
• Approximate estimation of preconsolidation pressure is based on SLiP ratio per Skempton (1957) and Wood (1990). 
• The modified compression index (Cd1 +eO) is correlated with natural moisture content based on Lambe and Whitman (1969) Specific lab data is also referenced. 
• The recompression index is adopted as 12% of the virgin compression index, which is typically 5% to 10% of the compression index (Holtz and Kovacs, 1982). 
• The applied pressure is estimated from 2V: 1 H distribution of the embankment load. 

EFFECTIVE WEIGHT MIDLAYER GENERALIZED UNDRAINED PRE CON SO- NATURAL MODIFIED MODIFIED 

DEPTH UNIT OF EFFECTIVE APPLIED AVERAGE SHEAR LIDATION WATER VIRGIN COM- RECOM-

FROM TO WEIGHT(pcf) LAYER OVERBURDEN PRESSURE SPT-N STRENGTH PRESSURE CONTENT PRESSION PRESSION 

(psf) (psf) PRESSURE (psf) (psf) VALUES (psf) (psf) (%) INDEX INDEX 

0 
0 4 120 480 240 721 12 1500 6000 13 0.0480 0.0060 

9 60 300 630 664 12 1500 6000 13 0.0480 0.0060 
1200 48 0.1879 0.0235 
1200 200 0.4722 0.0590 
1200 200 0.4722 0.0590 

20 28 45 360 1330 507 4 450 1350 40 0.1516 0 .. 0189 
28 35 45 315 1668 460 4 500 1668 30 0.1333 0.0167 
35 40 58 290 1970 429 40 
40 45 58 290 2260 405 40 (Dense Sand) 
45 50 58 290 2550 385 40 

50 55 58 290 2840 366 40 

TOTAL SETTLEMENT (IN.)= 

CONSOLIDATION 

SETILEMENTS (in.) 

oc NC 
0.17 0.00 
0.11 0.00 
0.16 0.81 
0.18 
0.12 
0.01 1.95 
0.00 1.18 

0.76 8.99 

O.C. RANGE SETTLEMENT = 0.76 INCHES 
N.C. RANGE SETTLEMENT= 8.99 INCHES 

Majority of the settlement is in the normally consolidated (NC) range and from the upper 30' of soft clay. 

SAN PEDRO CREEK -ABUT SETTLEMENT {S:\ONGOING\202149} 

12/09/11 

SUM 
0.17 
0.11 
0.97 
2.15 
3.20 
1.96 
1.18 

9.75 
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Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) = Comment Resolved 

(for Reviewer’s use) 
 

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  

OSFP Rev Form 10/29/08      Page 1 of 1 

Comment & Response Form 
(Revised 12/01/09) 

.General Project Information 
 

Review Phase 
(OSFP Liaison to complete)

Reviewer Information 
(Reviewer to complete) 

Dist: 04      EA: 265600 
 

Project Name: San Pedro Creek 
Bridge (Replace) 
 
Liaison:. Paul Cotter 
Phone:  _____. 
e-mail: paul.cotter@dot.ca.gov. 

__ PSR/PDS (Review No. __ 
_  APS/PSR (Review No. __) 
__ APS/PR (Review No. __) 
__  Type Selection 
__ 65% PS&E Unchecked Details  
__ PS&E (Review No. __) 
__ Construction 
_X_  Other: Foundation Report 

Reviewer Name: Matthew Gaffney (MG)/Caroline Chen (CC). 
Functional Unit: __GDW 
Cost Center:  3660 
Phone Number: (510) 622-1777  
e-mail: matthew.gaffney@dot.ca.gov. 
Date of Review: 1/11/2013.     
 
Structure Name*:  San Pedro Creek Bridge (Replace)                        
Br No*: _35-0350_ 
.(*Use if  necessary to when comment sheets are  by individual structure)  

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

_______.. 
Structure Consultant Firm 

_______.. 
Phone Number 

_______.. 
e-mail 

_______.. 
Response Date 

_______.. 
 

# 

Doc. 
(See 

Note 1) 

Page, 
Section, or 

SSP Review Comments  Consultant Responses 
1   The comments are made based on the review of Foundation 

Report (FR) prepared by Parikh Consultants, dated 11/29/2012, 
and Plans prepared by BCA, dated 12/14/2012. 

  

2 FR Page 3, 6.2 Subsurface condition: paragraph 2 states " ... Below the soft 
clay, the borings encountered up to 40 ft of dense sand ... " 
According to the LOTBs the sand is dense to very dense. -MG 

We have revised the text to say “  dense to very 
dense sand…” 

 

3 P Sheet 3 of 
19 

1. Pile Data Table: The driving resistance for Bent 2 is not 
consistent with the value shown in the FR. 

2. The existing foundation at the existing Abutment 1 is 
indicated to be removed. Is this necessary?  - CC 

The structural designer will address the comment. 
Per section 15-4.01C(3)(a) of the standard specs, the 
existing abutment 1 diaphragm will be removed & 
the existing piles will be removed to 3’ below 
finished grade. 

 

4 LOTB   Symbol for clayey sand appear not to match the legend? -CC The symbol/hatch pattern has been revised.   
 



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

(for Reviewer’s use) 
 

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  

OSFP Rev Form 10/29/08      Page 1 of 3 

Comment & Response Form 
(Revised 12/01/09) 

.General Project Information 
 

Review Phase 
(OSFP Liaison to complete)

Reviewer Information 
(Reviewer to complete) 

Dist: 04      EA: 265600 
 

Project Name: San Pedro Creek 
Bridge (Replace) 
 
Liaison:. Eva Ng 
Phone:  _____. 
e-mail: eva.ng@dot.ca.gov. 

__ PSR/PDS (Review No. __ 
_  APS/PSR (Review No. __) 
__ APS/PR (Review No. __) 
__  Type Selection 
__ 65% PS&E Unchecked Details  
__ PS&E (Review No. __) 
__ Construction 
_X_  Other: Foundation Report 

Reviewer Name: Matthew Gaffney (MG)/Caroline Chen (CC). 
Functional Unit: __GDW 
Cost Center:  3660 
Phone Number: (510) 622-1777  
e-mail: matthew.gaffney@dot.ca.gov. 
Date of Review: 2/22/2012.     
Structure Name*:  San Pedro Creek Bridge (Replace)                        
Br No*: _35-0350_ 
.(*Use if  necessary to when comment sheets are  by individual structure)  

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

_______.. 
Structure Consultant Firm 

_______.. 
Phone Number 

_______.. 
e-mail 

_______.. 
Response Date 

_______.. 
 

# 

Doc. 
(See 

Note 1) 

Page, 
Section, or 

SSP Review Comments  Consultant Responses 
1   The comments are made based on the review of Foundation Report 

(FR) prepared by Parikh Consultants, dated 1/9/2012, and Plans 
prepared by BCA, dated 1/9/2012. 

  

2 FR Page 1, 
Section 2.0 

Projection Description: Please indicate the bridge number of the 
existing bridge. - CC 

“Br No. 35-53” has been added for the existing 
bridge. 

 

3 FR Page 3, 6.1 In Site Geology the report states that “…Artificial fill (af) over Basin 
deposits (Qhb)…”; according to the Brabb report where the geology 
information is taken, the basin deposits are associated with bay muds, 
since there are no bay muds in this area the geologic unit should be 
Alluvial fans and Fluvial deposits (Qhaf) -MG 
 

The text has been updated.  

4 FR Page 3, 6.2 The most recent boring (A-11-003) has groundwater at 19 feet below 
grade, -3 feet in elevation.  - MG 

The text has been updated.  

5 FR Page 5 
Section 7.0 
Page 7 
Section 11.2 

Scour depth referred in these two pages are no consistent. -CC Scour depth in Section 11.2 has been revised to 
be consistent with Section 7.0 (scour depth = 
approx. 10.59 ft at pier 

 



                               Submittal Data  (Reviewer to complete)  
Dist-EA:___ ____ Reviewer: __ _____   Str Name*: _______  
Date of Review:_  ______ Functional Unit: ___ ____ Br No*. ____ *=if applicable 

 

 
       Page 2 of 2 
 

6 FR Page 5 
Section 9.1 

Earthquake Data: Please include the Mmax, not the MCE magnitude.  
Please include a plate showing ARS curves for all governing cases on 
the same figure.  - CC 

Mmax has been shown in the Table on Page 5. 
A plate showing ARS curves for all governing 
cases for comparison has been included in 
Appendix IV. 

 

7 FR Page 7 Foundation design Data provided by Structure Designer: Does symbol 
“-“ shown in the table indicate zero load, or the load demand currently 
not available? - CC  

The loads have been provided by the designer 
and shown in the table. 

 

8 FR Page 9 Foundation Recommendations table:   
1. Does symbol “-“ shown in the table indicate zero load, or the load 

demand currently not available?  
2. Please specify design tip elevation controlled by lateral load, or 

remove it from the table if there is no such demand, rather than 
using symbol “xx”. 

3. Cut-off elevation for Pier 2 seems to be a typo?  - CC 

1. The load demands have been shown in the 
table. 
2. Design tip elev. controlled by lateral load 
has been shown in the table. 
3. The “cut-off elev.” for Pier 2 has been 
corrected. 

 

9 FR Page 9 Pile data Table: Nominal driving resistance should differ from the 
nominal resistance for piles at Pier 2 due to consideration for scour. -
CC 

Corrected per the comment.  Nominal driving 
resistance now reflects the resistance in the 
scour zone. 

 

10 FR Page 12 Report states that pile driving at the abutment may have to proceed 
before the settlement period is complete. Please specify in the report 
that such action cannot be taken until approved by the geotechnical 
designer. The remaining settlement at that point and the impact on the 
abutment should be examined. Excessive settlement is likely to cause 
abutment tilt. 

Concur.  

11 FR  Please include drivability analysis in the report. -CC Done.  Based on the drivability analysis 
(assuming a Delmag D46 hammer, the planned 
CISS piles stay within tolerable stress range, 
about 20 ksi. 

 

12 FR  What is the geotechnical recommendations regarding the creek 
armoring? -CC 

We have no objection to the use of creek 
armoring.  It should help protect against 
surface erosion/scour at the banks. 

 

13 LOTB
s 

3 of 4 1. Boring R-03-002: Two lab tests “P” are shown. Should they be 
“PI”? Please check the symbols used with the legends. 

2. UC test results are shown on the profile of both borings R-03-001 
and R-03-002. This could be confusing without appropriate legend 
and unit shown. Please present these values in the text description. - 
CC 

Concur.  The LOTBs have been revised.  
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Route 1: San Pedro Creek Bridge Replacement 

Final Hydraulic Report (FHR) 

Project Description 

The existing Route�1 Highway Bridge (Bridge No. 0035�53) is located in the southern part of the 
City of Pacifica, in the County of San Mateo, Caltrans District 4, MP 40.64/40.95. The bridge is 575�
feet south of the intersection of State Route 1 with Linda Mar Boulevard and crosses the San Pedro 
Creek approximately 720�feet upstream from the creek outfall at Pacifica State Beach and ocean.  
See Appendix A, Sheets A�1 to A�3 for location maps.  

A parallel bridge exists on the frontage road (San Pedro Avenue) approximately 100 feet west of the 
Route 1 Bridge, between Route 1 and the ocean, see Appendix A�3. The San Pedro Avenue Bridge 
was previously constructed by the City of Pacifica in anticipation of the future condition of the fully 
completed Flood Control and Channel Widening Project and the subject Route 1 – San Pedro Creek 
Bridge Replacement Project. 

The existing Route 1 Bridge at this location is below the 100�year flood elevation and has minimal 
clearance above the flows from even moderate storms events. According to the United States Army 
Corps of Engineers (USACE) 1998 analysis the bridge does not have enough capacity to freely pass 
flows from the 10�year storm event. The existing Route 1 Bridge and the portion of the creek 
between the Route 1 Bridge and the San Pedro Avenue Bridge restrict the creek flows, which in turn 
causes flooding of the bridges and the surrounding commercial and residential areas during heavy 
storm conditions. The flooding of the surrounding local streets, commercial, and residential areas is 
a major concern, as is flooding of the bridge and highway which makes the San Mateo County 
Coastal Route impassable. 

The USACE constructed Phase I of the separate San Pedro Creek Flood Control Project which 
included work east (upstream) of the Route 1 Bridge. The upstream area is a wetlands area 
approximately 250�feet wide by 1900�feet long where many wetland species exist; some of them 
endangered. This upstream wetlands area also acts as a small detention basin for the heavy storms 
(approximately 45�acre�feet total). The San Pedro Creek Flood Control project also included some 
work downstream west of the Route 1 Bridge; however, work in the vicinity of the Route 1 bridge 
was left incomplete because the Bridge needed to be replaced before the widening could occur. 

To provide the level of flood protection envisioned by USACE San Pedro Creek Flood Control 
Project, the area just upstream of and beneath the Route 1 Bridge, continuing downstream beneath 
the San Pedro Bridge, and some of the area and channel west to the ocean beach needs to be 
regraded to allow the full capacity of the creek to be maintained through the bridge system (See 
Appendix A�4 for layout).  This includes the modification of the creek profile from approximately 
150 feet east of the Route 1 Bridge to the ocean. The City of Pacifica has added this creek work to 
the bridge replacement project.  This report has been revised to add this work within the creek. 

The new bridge will be a precast concrete bridge with a cast�in�place topping slab, constructed on 
the same alignment as the existing bridge at the crossing of San Pedro Creek. It will be 140�feet 
long, with a single bent at about center span supported on cast�in�steel�shape piles. The bridge deck 
is 63�feet wide with a 12’ travel lane and 8’ shoulder in each direction, and a 12�foot wide combined 
pedestrian / Class I bike�way along the north bound, east side of the bridge. The new bridge also 
accommodates a lane drop across the bridge in the southbound direction to correct an existing 
deficient lane drop length.  See Figure 4 through Figure 6. 
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The new Route�1 Bridge will have an upward slope of 0.5% north to south along the low side, with 
a cross slope that varies due to its location in a supper�elevation transition. The roadway 
embankment side slopes will have a maximum of a 2:1 (H:V) slope.  

Once both the bridge and the channel widening is complete, the creek beneath the bridges is 
designed to have sufficient capacity to convey the 50�year storm event with appropriate clearance to 
the soffit for drift as well as the 100�year event water surface 

This report (FHR) is a required submittal for the San Pedro Creek Bridge Replacement Project. This 
hydraulic report defines the flows, velocities, and water surface elevations for the new bridge design. 
The purpose of this report is to show that the flow profiles for the future condition will meet criteria 
for clearance. once the new bridge is constructed and the creek has been widened. 

Creek and Basin Description 

San Pedro Creek drains a basin approximately 7.63 square miles (4,885�acres), consisting of 
undeveloped semi�mountainous chaparral covered land comprising 80% of the drainage area and 
residential/commercial areas occupying the other 20% of the basin; see Figure 1, San Pedro Creek 
Shed Area. In the 100�year storm event, rainfall intensity for this valley is approximately 1.5�inches 
per hour producing a flow at the bridge of about 3,550�cubic feet per second. 

The storm runoff flowing from the upper mountainous areas is collected in the upper San Pedro 
Creek main channel, and the flows from the lower residential areas are collected into four tributaries 
and directed to the main channel, accounting for the total flows in the model. The main channel 
length from its beginning in the mountains, continuing down through the valley, and out to the 
ocean is a total of 3.2�Miles. The hydraulic modeling of the creek for this report includes the lower 
2,300�feet of the channel from the upper end of the wetlands area east of the Route 1 Bridge and 
out to the ocean. 

In the upper reaches of the creek, the creek bed is generally a trapezoidal shape with a gravel bottom 
with dimensions of 10� to 15�feet wide, side slopes between 1½:1 to 2:1 (H:V) and an average depth 
of 12�feet, from top of bank to invert, with an average slope of 3%. In the lower reaches the channel 
shape is approximately the same except that the creek channel is only about 4�feet deep through the 
floodplain of the existing wetlands. This allows for some detention of the storm flows in and over 
the wetlands.  

The wetland area above the banks of the creek to the east of the bridges is presently approximately 
250�feet wide by 1,900�feet long and on average lies 6 to 7�feet below the top of the levee along the 
commercial area to the north and along the San Pedro Creek Trail which parallels the south creek 
bank.   

Future Conditions 

The channel section that is the subject of this report will pass below the new Route 1 Bridge.  This 
new bridge will be constructed higher and longer than the existing bridge, reducing the storm flow 
restriction at the Highway 1 crossing. The proposed channel work will modify the channel under 
and between the Route 1 and San Pedro Avenue bridges to provide a low flow channel within a 
wider channel with 2:1 (H:V) side slopes.  The channel modifications will also extend approximately 
750�feet out to the ocean, with the existing channel width increasing from 8 �feet to about 20�feet 
wide with 2:1 side slopes.  See Figure 2. 

Similar to the existing conditions, the creek profile includes a grade control element near the outfall 
at the ocean to minimize down�cutting. This feature provides the added benefit of creating a fish 
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pool for steelhead. It is important to note that this feature also creates a low section in the creek 
profile which may require maintenance over time. Any necessary channel maintenance would be 
performed at a time of low flow and outside of the active period for steelhead per the requirements 
of the San Pedro Creek Flood Control Project Operations and Maintenance Manual. 

Hydraulic Analysis 

This hydraulic analysis is an extension of the analysis performed by the USACE1 between April and 
August of 2011, see Appendix C for Notes. There are also previous reports2 3“Final Detailed Project 
Report, San Pedro Creek Flood Control Project”, and the “San Pedro Creek, Section 205 Flood 
Control Study”, both dated January 1998, which are also a basis for this analysis. The second report3 
includes the “San Pedro Creek Basin Hydraulic Report”4, which developed the creek flows for the 
for several design storms between the 2�year and the 500�year events discharging through the lower 
San Pedro Creek basin to the outfall of the creek at the ocean. This Final Hydraulic Report (FHR) 
for the Route�1 San Pedro Creek Bridge Replacement Project includes these storm events between 
the 2�yr and the 500�yr, with the focus being on the 50 and 100�year events for design capacity 
beneath the new Route 1 Bridge and the San Pedro Avenue (Frontage) Bridge.   

The shed area for the analysis is approximately 4,885�acres, see Figure 1. The upper reaches of this 
area is mostly open�space vegetated with chaparral brush with a few trees. The lower portion, about 
20% of the basin, has been developed with housing, streets, and several commercial areas. The 
roughness coefficients for the flow areas are based on published tables of coefficients, FHA HDS 
#6 Table 2.1, and a measure of engineering judgment.  The open�space is modeled with a runoff 
coefficient of c = 0.45 and a roughness coefficient of n = 0.10, for the residential areas c = 0.60 and 
n = 0.025, and the creek channel is modeled with n = 0.030 and wetlands with an n = 0.10. Rainfall 
intensities were taken from USACE Report4. Using these numbers, one finds a Q100 = 3400�cfs, 
which compares favorably with the USACE Report’s3 4 value of Q100 = 3550�cfs; therefore, the Q100 
=3550�cfs will be conservatively used for this analysis. 

The analysis assumes that 100% of the total flow from the basin is developed above the upper end 
of the wetlands, at the end of De Solo Drive for the model at River Station (RS) 2430. See Figure 1.   

Also from the USACE Report2, page 5, see attached Figure 8, shows the existing channel at the 
existing bridge has a capacity of 1,000�cfs, the flow estimated to be associated with a 5�year storm.   

See Table 1 for creek flows at various points along the water course. This analysis uses the HEC�
RAS River Profiling software, Version 4.1.0, January 2010, written by the Hydraulic Engineering 
Center (HEC) of the USACE. The program requires creek cross section at defined locations along 
the channel reaches; the creek and bank roughness coefficients; the structural dimensions of the 
bridges, with the creek cross sections under the bridges.  The new model for the HEC�RAS runs, 
from USACE1 were developed by the Corps using LiDAR aerial methods to define the ground 
surface and then modified to the new grading condition under the bridges. 

                                                 
1
  USACE Hec�Ras Model Files: San Pedro Creek as of August 11, 2011; file name OrigDesignNwPro.prj 

downloaded from USACE ftp site at https://safe.amrdec.army.mil/safe2/pickupfiles.aspx?id=514205 
April 19, 2012 
2
 “Final Detailed Project Report, Technical Appendices, San Pedro Creek Flood Control Project, for USACE, San 

Francisco District, and City of Pacifica, California”,  dated January 1998 
3
 “San Pedro Creek, Section 205 Flood Control Study, Final Detailed Project Report, Volume II, Technical 

Appendices” dated January 1998 
4
 San Pedro Creek Basin Hydraulic Engineering Office Report, by the USACE, dated January 1989 
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Table 1 

 San Pedro Creek Flood Study   10�yr 25�yr 50�yr 100�yr 500�yr 

     cfs  cfs cfs cfs 

                               Starting Totals Above Upper Wetlands * 2000 2500 3150 3550 4320 

  
River Model 
Identification 

Reach Model 
Name River Sta.**  

 
   

  San Pedro Creek        Alignment       24+29 2000 2500 3150 3550 4320 

  San Pedro Creek        Alignment   9+06 2000 2500 3150 3550 4320 

  San Pedro Creek        Alignment   3+29 2000 2500 3150 3550 4320 

     At Ocean at Beach Outfall Alignment   2+00 2000 2500 3150 3550 4320 

*    From Section 3.0 of the USACE Report2 (footnotes 2 Page 3), ”Project Design Floods”  

** Local RS Cross Sections defined in the new Hec Ras Model 

 

The model is developed from the ocean at River Station (RS) 200, working upstream to just above 
the upper end of the wetlands east of Route 1, at crossing RS 2430; approximately 2,200�feet. The 
creek bed increases from an Elevation of 3�feet at the beach to an Elevation of 15.26�feet at RS 
2430. The cross sections of the channel in the areas above the Route 1 Bridge are those developed in 
the USACE modeling and brought forward to be used in this study. The USACE cross sections 
immediately upstream of Route 1 and just into the downstream wetlands have been modified to 
more closely represent the area of the bridge project and proposed creek widening design. The 
sections at the new bridge represent the new design for the new Route�1 Bridge section, the existing 
recently constructed San Pedro Avenue Bridge, and new sections out to the ocean.  

The new Caltrans Route�1 Bridge and creek channel system are modeled on the NAVD 88 Datum 
with the four corners of the new bridge deck, including super�elevation of the roadway, varying 
from a low of El 20.14 SE (southeast bridge corner) and a high of El 23.51 SW (southwest bridge 
corner) and El 20.92 NE (northeast bridge corner) and El 21.45 NW (northwest bridge corner). The 
low chord of the bridge soffit varies from El 17.38 SE to 18.14 NE along the upstream east side. 
The downstream top of 42” handrail elevation varies from El 27.01 SW to 24.95 NW. The new 
model with the new grading under the new Route 1 Bridge and San Pedro Ave Bridge begins with 
the channel invert at the upstream edge of the Route 1 Bridge at El 5.0 and continues downstream 
to the downstream west side of the existing San Pedro Ave Bridge at El 4.0.  

The hydraulic design criteria for the new Route 1 bridge requires the clear distance from the 50�year 
storm water surface to the bridge soffit be a minimum of 2�feet to allowing for drift to pass below 
the bridge. It also requires the 100�year storm flows to pass below the bridge without contacting the 
soffit of the bridge. A third criterion for the bridge construction is that the pile lengths will be 
designed in consideration of the scour depth found from analysis. 

Knowing that debris will be floating in the high flows and catching on the bridge piers, the HEC�
RAS model includes an additional material width at the pier during the calculations for flows under 
the bridge.  The width assumed here was defined by engineering judgment and taken as an additional 
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2�foot each side of the pier.  The debris normally encountered in the creek channel is assumed to be 
brush and small trees uprooted by the high flows that could wrap around the pier face.  

The prediction for future sea�level rise is a concern with the placement of any bridges close to a 
beach or ocean. The California Climate Center has studied the problem and issued a paper, The 
Impacts of Sea�Level Change on the California Coasts, dated May 2009. In this report, the estimate for the 
sea�level rise along the California coast is be 0.6�meters, or 2.0�feet, in 50�years and 1.4�m, or 4.6�ft, 
in 100�yr. Since the expected life span for a bridge structure is 75�yr, the 4.6�ft rise in sea�level is 
reviewed against the Bridge Plans and it is found that with the present day MHHW (Mean Higher 
High Water) for this area of El 5.63, NAVD 88, in 100 years the MHHW will be El 10.23. This 
means that the high tide level in 100 years, El 10.23�ft, will reach the Route 1 Bridge where the 
channel ranges between El 5.0 and El 4.0�ft. The downstream control water surface elevation at the 
beach is checked for both the critical flow depth and the future El 7.63 for the 50�year period and El 
10.23 for the 100�year period. This high tide water surface elevation of 10.23�feet is imposed at the 
first model station, Station 2+00, see Figure 1.  By varying the water surface elevation at the beach 
to represent the future high tide levels or the normal flows at critical flow depths it was found that 
while there is an increase in water surface elevation downstream from the San Pedro Avenue Bridge 
at the ocean, this effect is localized and decreases in the upstream direction. Ultimately, the water 
surface elevations at the Route 1 Bridge and the San Pedro Avenue Bridge does not change due to 
future MHHW tide levels 

Analysis Results 

This hydraulic study analyzes conditions for seven storm events; 2�yr, 5�yr, 10�yr, 25�yr 50�yr, 100�yr, 
and 500�yr. The designation used in the program for the storm events are 2, 5, 10, 25, 50, 100, and 
500 storms, as noted in Table 2. 

       

 Table 2 

Hec�Ras Storm Run Identification 

Return Frequency ID 
Q at Ocean 

cfs 

2�Year 2�yr 700 

5�Year 5�yr 1500 

10�Year 10�yr 2000 

25�Year 25�yr 2500 

50�Year 50�yr 3150 

100�Year 
100�
yr 3550 

500�Year 
500�
yr 4320 

 

 

With the lowest elevation on the bridge lower chord of El 17.38�feet, the water surface results at the 
Route�1 Bridge show the clear distance for drift is 2.01�feet, which meets the 2�feet required for the 
50�year event. The clear distance to the soffit is and about 1.50�feet for the 100�year event. This 
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analysis assumes the new bridge is in place and the channel widening work has been completed. 
Table 3 shows the relative elevations and clearances for the Route�1 and San Pedro Ave Bridges. 

Table 3 

Elevations and distances 
given in feet 

      

Route % 1 Bridge     

Bridge Center Station 8+67     

 Upstream     

Bridge Deck Elevation 20.15 Minimum    

Bridge Soffit Elevation 17.38 Minimum    

      

  Water Surface Elevations  Feet Clear to bridge soffit 

Channel Invert El @ 9+06 5.00 50�yr Flows 100�yr Flows 50�yr 100�yr 

Upstream Station 9+06 15.54 16.02   

US Br Station 9+05 15.37 15.88 2.01 1.50 

DS Br Station 8+45 15.56 15.77   

Downstream Station 8+28 15.29 15.78   

      

      

Frontage Road Bridge      

San Pedro Ave Bridge    

Bridge Center Station 7+26     

      

Bridge Deck Elevation 22.33     

Bridge Soffit Elevation 16.54     

 

      

  Water Surface Elevations  Feet Clear to bridge soffit 

Channel Invert El @ 7+49 4.30 50�yr Flows 100�yr Flows 50�yr 100�yr 

Upstream Station 7+49 14.52 14.91   

US Br Station 7+47 14.54 14.95 2.00 1.59 

DS Br Station 7+05 14.54 14.96   

Downstream Station 7+03 14.62 15.03   

 

See Appendix C, Tables 1 through Table 2 for the water surface elevations and velocities for the 
seven storms at the bridge locations and at various river stations along the creek. 
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The existing downstream bridge at San Pedro Ave has about 2.0�feet of freeboard for the 50�year 
event and 1.6�feet for the 100�year event. The project will open up the channel to reduce the 
restriction at the Route 1 Bridge and to reduce upstream flooding. Without the channel widening 
project in place, the 50�yr storm flows at the Route 1 Bridge will reach El 17.15 feet and the 100�yr 
flows to El 17.69, which are above the bridge soffit elevation of El 17.38. The corresponding 
velocities are 8.92 ft/s (50�year) and 9.81 ft/s (100�year). 

See Appendix B for Elevations, Profiles, and Perspectives for significant locations along the creek 
channel. These sheets depict the relative top of water surface with respect to channel bottom, 
channel shape, channel top of bank, and bridge cross section. 

Bridge Scour Analysis 

Scour at the bridge piers was examined using the HEC�RAS program.  Chapter 6, Section 6.2  of the 
HEC�18 Bridge Pier Scour Manual recommends equations for use in calculating the depth of scour 
at the bridge pier.  Knowing the grain size for the soils in this area, the flow characteristics at the 
bridge, the angle of attack, and the pier and footing geometry, the method and equations are defined 
for the analysis.  Shoreline tidal scour, though somewhat controlled by existing rocks at the beach, 
would likely only affect the first 100�feet of channel. Appendix D of this report presents the 
calculation methods for the scour at the bridge piers.    

The scour was calculated for the 100�year flows. The scour at the pier is dependent on the channel 
flow velocity, the flow depth, and the soil grain sizes within the channel.  From the project Soils 
Report the soil materials in the channel and below the surface in the scour region are Bay Muds, 
Peat, with some sand.  The grain size for the Bay Mud is about a #100 sieve (0.15�mm), the sand 
size is about a #8 sieve (1.50�mm), and the gravel size is about 1” (25.0�mm).  The scour around the 
new bridge piles is the combination of contraction scour and pile scour. The total depth of scour is 
calculated as 6.78�feet below the elevation of proposed finished grade around the pile.  It was found 
that there is no contraction scour on the left flood plain (El 8.0) at the piers, though the invert of the 
channel next to the piers has a slight, 0.1�foot contraction scour.  See Appendix D for Scour 
sections.  The bridge structural design should include the additional unsupported length of this 
scour at the piers.   

The bank scour was studied within the area of the two bridges, starting above the Route 1 Bridge 
and continuing to the downstream side of the San Pedro Bridge.  The analysis shows that there will 
be abutment scour in the range of 4.9�feet below the high water line for the 100�year storm event.  
This type of scour must be prevented to protect the roadway approaches to the bridge. 

The protection against erosion will take the form of Articulated�Concrete�Block (ACB) mat 
revetment.  The design location for this revetment will cover the areas from just upstream to just 
downstream from the bridge abutments. The revetment is designed to withstand the shear forces 
parallel to the bank caused by the water passing by and to also withstand the direct impingement of 
the water directed onto the blocks at bends in the channel.    

The revetment design uses the stream flow velocity, the drag forces due to this velocity, the angles 
of the slope and ACB to the flow, and the weight of the blocks.  These variables are used to define a 
Safety Factor (SF) for the ACB to displacement by the stream.  The analysis shows that for the 
velocities at the upstream side of the bridges and the 2:1 side slopes of the banks the SF for the 
revetment is  5.02 , which is greater than the required calculated SF of  3.98. 
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Route�1 Bridge Scour – 100�year Storm Flows 

To protect the roadway from the scour the revetment must cover an area out from the bridge 
abutment far enough to control the scour at the bridge. Revetment layout is based on Chapter 870 
of the Caltrans Highway Design Manual. The lower limit (toe) of the revetment will extend below 
the anticipated scour depth and will be buried into the bank to lock it into place. At the upper limit 
(top) the design will extend above the high�water line.  Therefore, the design will extend from 
slightly above the high water line down to the floodplain level at the particular location or to channel 
low flow invert as the case may be.  The upstream and downstream terminal distances, measured 
from the bridge, is based upon engineering judgment as to where the erosion is no longer damaging. 
For the this situation this distance is taken as 30 to 40�feet.  That is, for oncoming flows parallel to 
the bank the area will measure 30�feet and for the more severe condition of impinging flows it will 
need the 40�feet.  For the lower impact eddying areas downstream from the bridges this distance is 
taken as 20�feet.  The length from upstream terminal to downstream terminal will require the 
distance to be long enough to cover the areas shown in the analysis to erode behind the abutments.   

The long term scour will be monitored and repaired as needed. The aggradation/degradation within 
the channel and on the banks is difficult to estimate due to a paucity of data on siltation and erosion. 
Based on limited field observation in the short term it appears the channel shows some small 
amount of aggradation along the channel bottom under the bridges. It is assumed that the heavy 
vegetation along the channel banks helps to minimize erosion beyond the bottom of the channel.   
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Conclusions: 

With the completed bridge and channel widening project, the analysis shows that the proposed 
bridge minimum soffit elevation provides at least two feet of clearance from the 50�year storm water 
surface elevation, which will accommodate drift. The 100�year water surface elevation is also below 
the soffit.   

Comparing the analysis for the new Route 1 Bridge and new grading below both bridges with the 
analysis of the old Rt 1 Bridge and original channel one finds the water surface elevation drops by 
approximately 2�feet at the new Rt 1 Bridge.  See Figure 7. 

To summarize the hydraulic study for the storm flows at the new Route 1 Bridge see table below. 

 

The Water Surface Elevations shown are taken from the HEC�RAS output for the 50�yr, 100�
yr, and 500�yr storms at the Route 1 Bridge just inside the upstream edge. 

The Bridge bent pile lengths should be designed to accommodate the additional unsupported length 
of 6.78’ associated with scour below the proposed finished grade elevation of the flood plain at the 
piers. The Route 1 Bridge abutment walls should be designed to extend below the anticipated scour 
at the abutments. This scour at the abutment is calculated to extend 5.31�feet. With the scour 
measures in place this scour would be reduced mitigated.  With these considerations the foundation 
elements of the bridge would not be adversely affected by the loss of soil up to the amounts 
associated with the 100�year event scour.  

The analysis shows that scour will occur in the creek channel and on the banks under the bridges.    
This poses a potential threat to the bridges, the surrounding properties, and bridge approach 
roadways. To mitigate scour within the project area and under the bridges the channel will be 
armored with articulated concrete block revetment mats to prevent the scour.  The revetment is 
designed to withstand the channel flow depths and velocities found in the analysis and to prevent 
the scour at the abutments and piers from occurring.  The block revetment is secured to the channel 
banks and floodplain areas under and between the bridges to provide for scour protection and, 
because of the blocks open face layout, native plant species will be planted within the revetment to 
restore the existing refuge areas for wildlife.   

 



 

 

 

 

 

 

 

 

Figures 
 

Figure 1      Basin Shed Area 

Figure 2      USACE Channel Section at New Route 1 Bridge 

Figure 3 Hec�Ras Model Plan 

Figure 4a & 4b   General Plan – San Pedro Bridge   

Figure 5 Route 1 Bridge – Elevation Drawing 

Figure 6 Route 1 Bridge – Section Drawing 

Figure 7 Comparison New Flows to Existing Flows 

Figure 8 Excerpts: USACE Report “San Pedro Creek Flood 

Project” �� 1989 and 1998 Reports 
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c. Significant flooding occwred in the Linda Mar area in October 1972, with depths up • 
to fom feet reponed. Severe flooding agajn occurred in Janwuy 1982, with depths up to six feet 
reported. In the 1982 flood~ approximately 183 homes and 10 businesses were located in the 
flooded area, with flood damages estimated to be $5,020,000 at that time. 

d. Existing condition bank and Jandtnark profiles aJe shown on Plates 3 and 4. 

e. Plates 5, 6 and 7 show typical cross-sections at stations 621, 1567 and 4496. 

3.0 PROJECT DESIGN FLOODS 

The NED Plan is designed to cany 3,550 cubic feet per second (cfs) at the Highway 1 
bridge and would provide up to a 1 OO..year level of flood protection at the year 2035, based on 
FEMA criteria. The table below summarizes peak discharges for selected events under assumed 
existing, as well as :future hydrologic conditions. 

10-year 
15-year 
50-year 
100-year 
500-year 

Existim~ Conditions (c&l 

1,900 
2,300 
3t100 
3~00 
4t250 

4.0 DESIGN CONSIDERATIONS AND CRITERIA 

Water Surface Profiles 

Future Conditions. (cfs) 

2,000 
2.350 
3,150 
3,550 
4,320 

The Corps ofEngineers HEC-2 computer program was used to determine water surface 
profiles for San Pedro Creek. The HEv2 input data were developed using 1989 channel 
topography with spot elevations measured to the nearest one tenth of a foot. The HEC-2 special 
cuJvert option was used for culvert analysis. 

Starting water surface elevations at the downstream end of the project were derived 
assumjng flows were at criticaJ depth. 

Channel Ro!.lihness Coefficjents. The Manning1s equation was used to detennine friction 
losses in the project channeL The boundary value roughness coefficjents ("n" values} used in 
the Manning's equation were determined from experience with other similar streams and from 
published literatw'e such as Van Te Chow's Qpen Channel Hv£iraulics. 
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For purposes of establishing floodwall heights, culvert sizes and wetland cross-section 
design, ma..ximum recommended "n" values were used. For purposes of determining channel 
stability and scour potential, roughness coefficients were establishl:d as SO percent of maximum 
recommended values. A SIIIIlllW)' of Manning's "n" values used for project conditions is shown 
below for both stage and velocity considerations. 

Bo~mdary Material 

wetland chiUm.el 
wetland overbanks 
concrete culvert 
plastic lined culven 
existing (narural) creek 

Manning's "n" Values 
Stage Velocity 

.04 .032 
.10 .OS 
.014 n/a 
.010 nla 
.04-.06 .036 

Sedimentation. The project design is based on geomo:rphologic principles and should 
remain stable over the lifetime of the proposed project. The channel cross-section, slope and 
meanders have been designed to maintain their general shape and configuration. The low flow 
channel wetland dimensions and 'n" values were designed by L.C. Lee and Associates and are 
based on design methods presented in "Classification of Natural Rivers" by David Rosgen from 
the hydraulic publication CATENA 22 (1994). The wetland configuration has been input into a 
HEC-2 data file, checked and found acceptable by the Corps . 

5.0 PLAN OF IMPROVEMENT 

The hydraulic design features of the NED Plan are described in detail (according to 
specific reaches) in the subsequent paragraphs. 

a. NED Plan/! 00-Year Flood Protection 

Reach I: Pacific Ocean to Highway I Bridge. San Pedro Creek would be widened from 
the ocean to Highway I, a distance of 500 feet. The bottom width will be a minimum of75 feet 
and the side slopes will be no steeper than 1.5H:1V. In addition to the channel excavation, 1.0 
acre of open land to the north of the creek would be excavated and converted into a wetl811d. 
The Highway 1 bridge will be replaced by the California Department of Transportation 
(Cal Trans) and will rneer the minimum flood control requirements of the NED Plan. See Plate 8, 
station 6-+00 for a typical cross-section of Reach 1. 

Reach 2: Hjgnwav I Bridge to a ooint 1700 feet upS!Jeam. A new wetland with a 
designed low flow channel wilhin its boundaries would be built within the existing Cal Trans 
right~f-way along the southern overbank of San Pedro Creek. The design for the low flow 
channel is based on geomorphologic principles so that its cross-section will remain stable and 
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9. 3- 5 JANUARY 1582 FLOOD 

Based on rainfall data co llect ed fr om 10 rainfall stat i ons 
in, and near, the San Pedro Creek watershed, an estimated 8.6 
inches of r ainfall fell in the San Pedro Creek watershed during 
the period of 3-5 January 1982, which had a duration of 30 
hour s . Rai nfal l meas ured at these stations during the January 
1982 s t orm are s hown in Table 1. Using the unit hydrograph 
developed for exis ting conditions, t he hourly rain fall 
distribution fo r the storm as measured at the Sa n Francisco WB 
Airport rai ngage, and the estimated 8.6 inches of rainfall, the 
peak flow for the January 1982 flood at Highway 1 is estimated to 
have be en 2, 890 cfs. This corresponds to a 35-year fl ood event 
using the adopted peak discharge vs. freq uency curve. Isoheytal 
lines for the J anuary 1982 s torm are presented on Plate 8 . The 
computed January 1982 flood hydrograph is presented on Plate 9. 

To determi~e if the 35- year frequency estimate for the 
January 1982 flood was reasonabl e, flood frequency esti mates for 
the same stor m were computed for three coast -side streams in the 
general vicinity which have st reamga ge recor ds. Annual peak 
flows for these gages are presented in Table 2 . Plotted peak 
discharge vs . frequency curves f or the three stati ons are shown 
on Plate 10 . As shown i n the following table, the 35-yea r 
estimate of th e January 1982 for San Pedro Creek appears 
reasonable when compared t o that of t he other gaged streams. 

January 1982 
D. A. 1/ Peak Flow Frequency 

Stream~a~e Locat i on (Sg. Hi-;-) (cfs) CSH y Estimate 

Pesua dero ~reek near 
Pescadero 45.9 9 , 1!00 205 15-year 

Pi larci tos Creek at 
Hal f ~loon Bay 27. 2 ij,750 175 ijO-year 

San Gregorio Creek at 
San Gregori o 50.9 7 ,910 155 20-year 

San Pedro Creek at 
State Hwy 1 7.63 2, 890 379 35 -year 

1/ Drai nage Area 
21 Cubic feet per s econd per square mile 

10. STAtiDARD PROJECT FLOOD 

The 11-1 4 October 1962 storm, wh ich was c ent ered over Orinda, 
California, was adopted as the Standard Project Storm (SPS) for 
the San Pedro Creek Basin. Plate 11 contains data for this very 
intens e storm, including l sopercentu al lines, a depth vs. areB 
cu rve, and r ainfa ll dis tribution . The rai nfall di str ibut i on was 
based upon the a verage of the rainfall distribution at the Orinda 
Filters and Upper San Leandro Fi lters recording r a ingage5 . The 
depth-area curve f or th1 3 storm indica tes that 62 .3 percent of 
th e normal annua l precipitation (NAP) could occur in a 72- hour 
period if the SPS were centered over the basin. Hy drologic l oss 



0 

0 
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rates used in developing the Standard Project Flood (SPF) varied 
from an initial value of 0.16 inch per hour to a minimum value of 
0.06 inch per hour. A base flow of 9 CSM was adopted for the SPF 
analysis. The adopted SPF peak discharge for San Pedro C~eek at 
State Highway T is presented in Table 4. The S?f hydrograph is 
presented on Plate 12. 

A compa~ison or the SPF peak discharge presented in Table ~ 
and the frequency curves presented on Plates 5 and 6 indicate 
that the SPF for San Pedro Creel~ would have a frequency of 
occurrence of about once in 500 years. 

11. APPROVAL REQUESTED 

It is requested that the SPF and discharge vs. frequency 
curves for San Pedro Creek presented in Table 4 be approved for 
use in the San Pedro Creek Section 205 Feasibility Study. 
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TABLE 4 

ADOPTED PEAK DISCHARGES 
SAM PEDRO CREEK BASIN 

SAN MATEO COUNTY, CALIFORNIA 

San Pedro Creek at State Highway 1 
Drainage Area: 7.63 Square Miles 11 

SPF 4,330 

Existing Conditions 

Without 
Expected 
Probabli ty 

, , 880 
2,970 
3,400 
4,190 

11,280 
2,890 

Future Conditions 

1,910 
3,020 
3, ~50 
4,260 

With 
Expected 
Probability 

1,910 
3. 100 
3,480 
4,250 

2,000 
3,150 
3,550 
11,320 

!1 Contributing drainage area. Total drainage area 
of basin is 7.99 square miles. 
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Vicinity Map  

Location Map 

Arial Photo Creek Location Map 
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Appendix   B 
 

 

• Computer Output for Channel Sections 

• Channel Profile Showing Water Surface Elevations  

for 4 Storms (10"yr, 50"5r, 100"yr, and 500"yr) at Model 

Section and New Route 1 and Existing San Pedro Bridges 

• Model Output Isometric Perspective of the Full Model Length  

including the Route 1 Bridge and out to the Ocean 
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Final Rt Bridge & Channel Deepen 9�24�12       Plan: Prop Bridge, Orig Design N, Low    9/25/2012 
  Channel at RSW 429.68 w/ Inv El 5.5
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  Channel at RS 529.68 w/ Inv El 3.96
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  Channel at RS 640.27 w/ Inv El 3.84
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  Channel at RS 662.0 w/ Inv El 3.91
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Final Rt Bridge & Channel Deepen 9�24�12       Plan: Prop Bridge, Orig Design N, Low    9/25/2012 
  Downstream San Padro Ave Bridge Channel RS 703.04 & Inv El 4.00
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  San Pedro Ave Bridge 
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Final Rt Bridge & Channel Deepen 9�24�12       Plan: Prop Bridge, Orig Design N, Low    9/25/2012 
  Upstream San Pedro Ave Bridge Channel at RS 749.01 & Inv El 4.30
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  Channel at RS 774.21 w/ Inv El 4.33
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  Channel at RS 783.95 w/ Inv El 4.40
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  Channel at RS 795.58 w/ Inv El 4.42
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  Channel at RS 812.0 w/ Inv El 4.50
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  Downstream of Route 1 Bridge Channel at RS 827.96 w/ Inv El 4.60
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  Proposed HWY 1 Bridge (based on the plans provided by the City o
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Final Rt Bridge & Channel Deepen 9�24�12       Plan: Prop Bridge, Orig Design N, Low    9/25/2012 
  Upstream of Route 1 Bridge Channel at RS 906.61 w/ Inv El 5.00
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  Channel at RS 943.83  w/ Inv El 5.42
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  Channel at RS 987.0  w/ Inv El 5.98
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  Channel at RS 1001.77  W/ Inv El 6.55
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  Channel at RS 1029.68 w/ Inv El 7.86
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Appendix   C 
 

 

Printout of Creek Hydro�Dynamics Table Results Showing  

Output for Four Storms 

Table 1 San Pedro Creek with USACE Channel to the Ocean 

Table 2 New Route 1 Bridge Output with USACE Channel 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

HEC�RAS  Plan: Low N   River: san pedro creek   Reach: Alignment

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Alignment 2429.68 2 700.00 15.26 18.68 18.03 18.96 0.003534 5.00 298.94 201.67 0.59

Alignment 2429.68 5 1500.00 15.26 19.87 18.99 20.25 0.003055 6.17 548.55 214.31 0.58

Alignment 2429.68 10 2000.00 15.26 20.51 19.35 20.93 0.002851 6.66 685.69 218.84 0.58

Alignment 2429.68 25 2500.00 15.26 21.04 19.73 21.53 0.002812 7.19 804.41 224.93 0.59

Alignment 2429.68 50 3150.00 15.26 21.71 20.14 22.26 0.002724 7.74 958.63 236.18 0.59

Alignment 2429.68 100 3550.00 15.26 22.11 20.37 22.69 0.002635 7.99 1054.60 241.15 0.59

Alignment 2429.68 250 4000.00 15.26 22.54 20.63 23.15 0.002552 8.25 1158.74 245.37 0.59

Alignment 2429.68 500 4320.00 15.26 22.85 20.74 23.48 0.002475 8.40 1235.24 248.17 0.58

Alignment 2396.85 2 700.00 14.83 18.36 18.18 18.78 0.006993 6.75 271.62 203.14 0.80

Alignment 2396.85 5 1500.00 14.83 19.73 18.99 20.13 0.004201 7.22 567.23 228.61 0.67

Alignment 2396.85 10 2000.00 14.83 20.39 19.34 20.82 0.003805 7.69 722.09 239.39 0.66

Alignment 2396.85 25 2500.00 14.83 20.95 19.68 21.42 0.003586 8.12 858.83 245.21 0.65

Alignment 2396.85 50 3150.00 14.83 21.65 20.15 22.15 0.003306 8.54 1032.00 250.57 0.64

Alignment 2396.85 100 3550.00 14.83 22.06 20.37 22.58 0.003159 8.76 1136.31 254.31 0.64

Alignment 2396.85 250 4000.00 14.83 22.50 20.61 23.04 0.003039 9.01 1248.39 258.34 0.63

Alignment 2396.85 500 4320.00 14.83 22.82 20.78 23.37 0.002937 9.15 1330.56 261.26 0.63

Alignment 2329.68 2 700.00 13.83 18.28 17.49 18.52 0.001772 4.83 389.26 224.21 0.44

Alignment 2329.68 5 1500.00 13.83 19.61 18.47 19.93 0.001906 6.14 696.69 236.16 0.48

Alignment 2329.68 10 2000.00 13.83 20.26 18.89 20.62 0.001945 6.72 853.08 240.01 0.50

Alignment 2329.68 25 2500.00 13.83 20.81 19.26 21.23 0.002045 7.33 987.48 248.38 0.52

Alignment 2329.68 50 3150.00 13.83 21.51 19.67 21.96 0.002051 7.87 1161.69 252.54 0.53

Alignment 2329.68 100 3550.00 13.83 21.92 19.91 22.40 0.002041 8.16 1266.78 256.77 0.53

Alignment 2329.68 250 4000.00 13.83 22.36 20.16 22.86 0.002043 8.48 1380.03 261.69 0.53

Alignment 2329.68 500 4320.00 13.83 22.68 20.34 23.20 0.002005 8.63 1464.56 262.78 0.53

Alignment 2287.33 2 700.00 13.62 18.22 17.39 18.43 0.001836 4.86 413.40 211.39 0.45

Alignment 2287.33 5 1500.00 13.62 19.54 18.29 19.84 0.002028 6.29 701.59 224.92 0.50

Alignment 2287.33 10 2000.00 13.62 20.19 18.76 20.54 0.002100 6.95 849.32 230.28 0.52

Alignment 2287.33 25 2500.00 13.62 20.73 19.08 21.13 0.002217 7.60 976.17 236.57 0.54

Alignment 2287.33 50 3150.00 13.62 21.42 19.50 21.87 0.002248 8.21 1141.51 242.58 0.55

Alignment 2287.33 100 3550.00 13.62 21.83 19.74 22.31 0.002240 8.53 1242.05 246.17 0.56

Alignment 2287.33 250 4000.00 13.62 22.26 19.97 22.77 0.002249 8.88 1349.30 251.73 0.57

Alignment 2287.33 500 4320.00 13.62 22.58 20.15 23.11 0.002227 9.08 1429.45 255.04 0.57

Alignment 2229.68 2 700.00 13.30 18.09 17.18 18.32 0.001853 5.34 423.59 203.40 0.46

Alignment 2229.68 5 1500.00 13.30 19.37 18.19 19.71 0.002294 7.09 693.36 218.58 0.53

Alignment 2229.68 10 2000.00 13.30 20.01 18.65 20.40 0.002434 7.87 835.44 225.39 0.56
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Table 1     Flow Characteristics for San Pedro Creek from the Upstream Wetlands to the Beach
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River Reach Alignment by River Station for 8 Storm Profiles; 2-yr to 500-yr Storms;  Modeled from the Beach Through the upper Wetlands



HEC�RAS  Plan: Low N   River: san pedro creek   Reach: Alignment (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Alignment 2229.68 25 2500.00 13.30 20.55 19.02 20.99 0.002567 8.55 957.89 228.54 0.58

Alignment 2229.68 50 3150.00 13.30 21.23 19.47 21.72 0.002659 9.28 1115.84 236.47 0.60

Alignment 2229.68 100 3550.00 13.30 21.64 19.73 22.16 0.002642 9.60 1214.96 239.44 0.61

Alignment 2229.68 250 4000.00 13.30 22.07 20.02 22.62 0.002678 10.01 1318.06 245.46 0.62

Alignment 2229.68 500 4320.00 13.30 22.36 20.18 22.95 0.002769 10.42 1389.89 255.77 0.63

Alignment 2177.36 2 700.00 13.11 18.04 16.61 18.24 0.001358 4.58 433.85 201.51 0.40

Alignment 2177.36 5 1500.00 13.11 19.27 17.94 19.60 0.001867 6.40 692.58 218.37 0.49

Alignment 2177.36 10 2000.00 13.11 19.89 18.40 20.29 0.002047 7.21 829.41 226.27 0.52

Alignment 2177.36 25 2500.00 13.11 20.40 18.77 20.87 0.002227 7.95 946.88 231.89 0.55

Alignment 2177.36 50 3150.00 13.11 21.06 19.26 21.60 0.002330 8.68 1102.32 239.64 0.57

Alignment 2177.36 100 3550.00 13.11 21.47 19.52 22.04 0.002330 9.01 1201.40 243.91 0.58

Alignment 2177.36 250 4000.00 13.11 21.90 19.81 22.50 0.002327 9.35 1307.34 247.01 0.59

Alignment 2177.36 500 4320.00 13.11 22.21 20.01 22.83 0.002318 9.57 1384.47 250.64 0.59

Alignment 2129.67 2 700.00 13.14 16.82 16.62 18.00 0.011140 10.55 167.34 119.87 1.05

Alignment 2129.67 5 1500.00 13.14 18.28 18.28 19.37 0.008098 11.59 400.60 180.30 0.95

Alignment 2129.67 10 2000.00 13.14 18.97 18.90 20.06 0.007374 12.13 532.27 196.12 0.93

Alignment 2129.67 25 2500.00 13.14 19.63 19.30 20.65 0.006411 12.23 664.39 204.34 0.88

Alignment 2129.67 50 3150.00 13.14 20.40 19.84 21.39 0.005696 12.50 823.48 208.57 0.85

Alignment 2129.67 100 3550.00 13.14 20.84 20.09 21.83 0.005467 12.76 915.63 216.39 0.84

Alignment 2129.67 250 4000.00 13.14 21.29 20.35 22.30 0.005265 13.05 1014.58 220.89 0.83

Alignment 2129.67 500 4320.00 13.14 21.63 20.40 22.63 0.005060 13.16 1090.04 225.32 0.82

Alignment 2029.68 2 700.00 11.98 16.69 16.12 17.10 0.004503 6.36 255.12 149.20 0.66

Alignment 2029.68 5 1500.00 11.98 18.04 17.26 18.62 0.004276 8.03 465.93 162.68 0.69

Alignment 2029.68 10 2000.00 11.98 18.75 17.76 19.39 0.004040 8.66 583.42 167.41 0.69

Alignment 2029.68 25 2500.00 11.98 19.32 18.20 20.06 0.004155 9.45 679.70 174.51 0.71

Alignment 2029.68 50 3150.00 11.98 20.05 18.72 20.87 0.004004 10.08 808.65 178.56 0.71

Alignment 2029.68 100 3550.00 11.98 20.47 19.00 21.34 0.003943 10.45 884.01 181.73 0.72

Alignment 2029.68 250 4000.00 11.98 20.90 19.21 21.83 0.003921 10.87 963.36 185.58 0.72

Alignment 2029.68 500 4320.00 11.98 21.24 19.58 22.18 0.003822 11.06 1025.44 188.87 0.72

Alignment 1929.68 2 700.00 12.16 16.09 15.82 16.64 0.005025 7.46 249.24 143.73 0.73

Alignment 1929.68 5 1500.00 12.16 17.52 16.65 18.19 0.004570 9.07 480.60 172.93 0.74

Alignment 1929.68 10 2000.00 12.16 18.33 17.48 19.01 0.004044 9.49 624.91 183.89 0.72

Alignment 1929.68 25 2500.00 12.16 18.95 17.91 19.69 0.003973 10.11 740.70 190.22 0.72

Alignment 1929.68 50 3150.00 12.16 19.72 18.42 20.50 0.003751 10.64 889.84 195.99 0.72

Alignment 1929.68 100 3550.00 12.16 20.13 18.73 20.97 0.003793 11.12 972.63 203.05 0.73
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Table 1  Cont.



HEC�RAS  Plan: Low N   River: san pedro creek   Reach: Alignment (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Alignment 1929.68 250 4000.00 12.16 20.59 19.06 21.46 0.003717 11.46 1065.46 205.69 0.73

Alignment 1929.68 500 4320.00 12.16 20.94 19.26 21.82 0.003609 11.63 1137.92 208.85 0.72

Alignment 1829.68 2 700.00 11.79 15.99 15.09 16.22 0.002243 5.00 363.43 185.51 0.49

Alignment 1829.68 5 1500.00 11.79 17.48 16.09 17.79 0.002052 6.15 655.67 200.90 0.50

Alignment 1829.68 10 2000.00 11.79 18.31 16.44 18.64 0.001885 6.56 822.99 203.55 0.49

Alignment 1829.68 25 2500.00 11.79 18.93 16.93 19.31 0.001932 7.13 950.20 206.28 0.50

Alignment 1829.68 50 3150.00 11.79 19.70 17.38 20.13 0.001939 7.72 1111.36 211.55 0.51

Alignment 1829.68 100 3550.00 11.79 20.13 17.63 20.59 0.001964 8.08 1201.85 215.57 0.52

Alignment 1829.68 250 4000.00 11.79 20.58 17.90 21.08 0.001984 8.45 1299.83 218.23 0.53

Alignment 1829.68 500 4320.00 11.79 20.93 18.08 21.45 0.001953 8.63 1377.13 220.00 0.53

Alignment 1779.68 2 700.00 11.98 15.93 14.95 16.10 0.002007 4.49 399.11 188.01 0.46

Alignment 1779.68 5 1500.00 11.98 17.43 15.77 17.67 0.001841 5.65 690.18 198.81 0.47

Alignment 1779.68 10 2000.00 11.98 18.26 16.17 18.53 0.001718 6.11 857.61 204.92 0.47

Alignment 1779.68 25 2500.00 11.98 18.88 16.55 19.20 0.001772 6.68 985.71 208.68 0.48

Alignment 1779.68 50 3150.00 11.98 19.65 16.98 20.03 0.001783 7.28 1148.67 214.65 0.50

Alignment 1779.68 100 3550.00 11.98 20.07 17.23 20.48 0.001805 7.63 1240.42 218.19 0.50

Alignment 1779.68 250 4000.00 11.98 20.52 17.45 20.97 0.001840 8.02 1339.22 223.81 0.51

Alignment 1779.68 500 4320.00 11.98 20.87 17.67 21.34 0.001811 8.20 1419.01 226.55 0.51

Alignment 1729.68 2 700.00 10.81 15.78 14.90 15.99 0.002133 5.04 398.62 191.13 0.44

Alignment 1729.68 5 1500.00 10.81 17.31 15.82 17.57 0.002125 6.21 697.09 202.54 0.46

Alignment 1729.68 10 2000.00 10.81 18.16 16.25 18.44 0.002018 6.64 874.71 212.68 0.46

Alignment 1729.68 25 2500.00 10.81 18.79 16.60 19.10 0.002084 7.17 1009.02 216.04 0.47

Alignment 1729.68 50 3150.00 10.81 19.57 16.98 19.92 0.002098 7.71 1180.61 221.42 0.48

Alignment 1729.68 100 3550.00 10.81 20.00 17.18 20.37 0.002126 8.04 1276.50 224.77 0.49

Alignment 1729.68 250 4000.00 10.81 20.45 17.43 20.86 0.002183 8.44 1379.79 233.01 0.50

Alignment 1729.68 500 4320.00 10.81 20.80 17.48 21.23 0.002196 8.69 1463.20 244.97 0.51

Alignment 1629.68 2 700.00 11.25 15.46 14.63 15.74 0.002602 5.28 325.63 186.23 0.52

Alignment 1629.68 5 1500.00 11.25 16.99 15.61 17.34 0.002230 6.35 630.62 209.20 0.51

Alignment 1629.68 10 2000.00 11.25 17.88 16.20 18.23 0.001920 6.61 819.60 215.71 0.49

Alignment 1629.68 25 2500.00 11.25 18.48 16.60 18.89 0.001970 7.17 951.26 219.69 0.51

Alignment 1629.68 50 3150.00 11.25 19.25 16.90 19.70 0.001957 7.72 1123.36 226.20 0.51

Alignment 1629.68 100 3550.00 11.25 19.67 17.37 20.15 0.001954 8.02 1219.66 228.62 0.52

Alignment 1629.68 250 4000.00 11.25 20.09 17.64 20.63 0.002051 8.52 1317.05 238.62 0.54

Alignment 1629.68 500 4320.00 11.25 20.45 17.82 21.00 0.002006 8.69 1404.00 243.03 0.53
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HEC�RAS  Plan: Low N   River: san pedro creek   Reach: Alignment (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Alignment 1529.68 2 700.00 9.96 14.61 14.47 15.32 0.006368 7.79 193.47 123.90 0.78

Alignment 1529.68 5 1500.00 9.96 16.31 15.70 17.01 0.004318 8.59 444.27 163.33 0.69

Alignment 1529.68 10 2000.00 9.96 17.11 16.23 17.92 0.004230 9.42 590.84 205.40 0.70

Alignment 1529.68 25 2500.00 9.96 17.74 16.74 18.58 0.004043 9.88 723.08 213.67 0.70

Alignment 1529.68 50 3150.00 9.96 18.56 17.10 19.41 0.003698 10.26 905.31 231.67 0.68

Alignment 1529.68 100 3550.00 9.96 19.05 17.10 19.88 0.003409 10.31 1020.38 234.77 0.66

Alignment 1529.68 250 4000.00 9.96 19.52 17.10 20.35 0.003293 10.54 1130.28 239.09 0.66

Alignment 1529.68 500 4320.00 9.96 19.90 17.10 20.74 0.003141 10.63 1224.39 246.79 0.65

Alignment 1429.68 2 700.00 9.79 13.76 13.75 14.67 0.006274 8.38 162.49 104.87 0.83

Alignment 1429.68 5 1500.00 9.79 15.07 15.07 16.42 0.006775 10.94 311.80 126.38 0.91

Alignment 1429.68 10 2000.00 9.79 15.52 15.52 17.26 0.008023 12.69 369.87 131.97 1.00

Alignment 1429.68 25 2500.00 9.79 16.33 16.33 17.99 0.006658 12.78 485.58 149.66 0.94

Alignment 1429.68 50 3150.00 9.79 16.89 16.89 18.81 0.007077 14.02 574.09 163.72 0.98

Alignment 1429.68 100 3550.00 9.79 17.40 17.40 19.31 0.006536 14.19 661.85 178.92 0.96

Alignment 1429.68 250 4000.00 9.79 17.77 17.77 19.79 0.006591 14.76 730.16 190.60 0.97

Alignment 1429.68 500 4320.00 9.79 17.77 17.77 20.12 0.007688 15.94 730.16 190.60 1.05

Alignment 1329.68 2 700.00 9.57 13.30 13.30 13.98 0.006143 7.75 225.75 173.23 0.76

Alignment 1329.68 5 1500.00 9.57 14.50 14.24 15.28 0.005841 9.32 438.32 179.92 0.78

Alignment 1329.68 10 2000.00 9.57 15.46 14.70 16.11 0.004209 9.00 611.98 183.88 0.68

Alignment 1329.68 25 2500.00 9.57 16.16 15.10 16.82 0.003818 9.30 743.59 189.67 0.66

Alignment 1329.68 50 3150.00 9.57 17.01 15.55 17.68 0.003446 9.64 907.85 197.33 0.64

Alignment 1329.68 100 3550.00 9.57 17.50 15.84 18.18 0.003277 9.83 1005.50 200.77 0.63

Alignment 1329.68 250 4000.00 9.57 18.01 16.08 18.72 0.003186 10.13 1110.83 228.43 0.63

Alignment 1329.68 500 4320.00 9.57 18.39 16.30 19.10 0.003053 10.23 1199.34 241.72 0.62

Alignment 1229.68 2 700.00 8.50 13.28 12.36 13.43 0.001717 4.46 320.28 169.56 0.42

Alignment 1229.68 5 1500.00 8.50 14.59 13.12 14.83 0.001881 5.77 550.14 178.47 0.46

Alignment 1229.68 10 2000.00 8.50 15.52 13.51 15.75 0.001590 5.96 717.39 186.27 0.44

Alignment 1229.68 25 2500.00 8.50 16.22 13.85 16.48 0.001546 6.34 851.91 193.51 0.44

Alignment 1229.68 50 3150.00 8.50 17.07 14.26 17.36 0.001487 6.76 1025.63 215.77 0.44

Alignment 1229.68 100 3550.00 8.50 17.57 14.49 17.87 0.001443 6.95 1134.61 221.43 0.44

Alignment 1229.68 250 4000.00 8.50 18.10 14.73 18.42 0.001402 7.16 1258.72 233.45 0.44

Alignment 1229.68 500 4320.00 8.50 18.48 14.87 18.80 0.001376 7.30 1348.03 248.33 0.44

Alignment 1129.68 2 700.00 8.75 12.33 12.33 12.99 0.017190 7.67 171.34 126.10 0.76

Alignment 1129.68 5 1500.00 8.75 13.94 13.25 14.43 0.009766 7.60 393.37 145.02 0.61

Alignment 1129.68 10 2000.00 8.75 15.03 13.70 15.44 0.006803 7.27 558.02 161.32 0.53
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HEC�RAS  Plan: Low N   River: san pedro creek   Reach: Alignment (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Alignment 1129.68 25 2500.00 8.75 15.75 14.11 16.18 0.006365 7.59 680.49 178.37 0.52

Alignment 1129.68 50 3150.00 8.75 16.65 14.53 17.08 0.005700 7.82 849.69 199.68 0.50

Alignment 1129.68 100 3550.00 8.75 17.17 14.71 17.60 0.005313 7.90 957.52 211.04 0.49

Alignment 1129.68 250 4000.00 8.75 17.74 14.92 18.16 0.004900 7.94 1079.64 220.02 0.48

Alignment 1129.68 500 4320.00 8.75 18.14 15.19 18.56 0.004601 7.93 1169.98 225.97 0.47

Alignment 1029.68 2 700.00 7.82 10.57 10.57 11.62 0.008377 8.36 105.15 69.81 0.93

Alignment 1029.68 5 1500.00 7.82 12.27 11.96 13.61 0.005835 9.84 234.57 84.68 0.84

Alignment 1029.68 10 2000.00 7.82 13.02 12.70 14.69 0.005904 11.04 304.10 126.15 0.87

Alignment 1029.68 25 2500.00 7.82 13.83 12.89 15.50 0.005069 11.31 409.35 134.74 0.83

Alignment 1029.68 50 3150.00 7.82 14.79 14.27 16.47 0.004353 11.61 544.83 147.40 0.79

Alignment 1029.68 100 3550.00 7.82 15.34 14.69 17.02 0.004022 11.77 628.74 154.91 0.77

Alignment 1029.68 250 4000.00 7.82 15.92 15.10 17.61 0.003760 11.97 719.88 162.61 0.75

Alignment 1029.68 500 4320.00 7.82 16.31 15.40 18.02 0.003632 12.14 784.16 170.22 0.74

Alignment 1001.77 2 700.00 6.55 10.40 9.50 10.94 0.003174 6.30 171.48 85.59 0.59

Alignment 1001.77 5 1500.00 6.55 12.65 11.08 13.31 0.002208 7.32 374.20 94.59 0.54

Alignment 1001.77 10 2000.00 6.55 13.46 11.75 14.31 0.002412 8.36 453.39 100.64 0.58

Alignment 1001.77 25 2500.00 6.55 14.19 12.38 15.20 0.002564 9.24 528.56 106.74 0.60

Alignment 1001.77 50 3150.00 6.55 15.03 13.02 16.23 0.002677 10.16 620.16 110.12 0.63

Alignment 1001.77 100 3550.00 6.55 15.52 13.39 16.82 0.002727 10.66 674.18 112.07 0.64

Alignment 1001.77 250 4000.00 6.55 16.02 14.10 17.44 0.002788 11.20 731.55 114.10 0.65

Alignment 1001.77 500 4320.00 6.55 16.37 14.42 17.87 0.002828 11.56 771.08 115.48 0.66

Alignment 987.00  2 700.00 5.98 10.45 9.27 10.87 0.002130 5.60 207.21 79.78 0.50

Alignment 987.00  5 1500.00 5.98 12.67 10.71 13.26 0.001823 6.98 398.85 91.67 0.50

Alignment 987.00  10 2000.00 5.98 13.49 11.43 14.25 0.002033 8.02 475.59 95.44 0.54

Alignment 987.00  25 2500.00 5.98 14.21 12.08 15.14 0.002204 8.92 545.82 98.84 0.57

Alignment 987.00  50 3150.00 5.98 15.04 12.81 16.17 0.002392 9.95 629.05 102.16 0.60

Alignment 987.00  100 3550.00 5.98 15.51 13.22 16.77 0.002489 10.52 677.57 104.04 0.62

Alignment 987.00  250 4000.00 5.98 16.00 13.69 17.40 0.002598 11.14 728.95 105.99 0.64

Alignment 987.00  500 4320.00 5.98 16.33 14.02 17.82 0.002659 11.53 764.64 106.67 0.65

Alignment 943.83  2 700.00 5.45 10.59 8.60 10.73 0.000784 2.97 236.02 72.83 0.29

Alignment 943.83  5 1500.00 5.45 12.89 9.64 13.10 0.000602 3.67 416.50 84.18 0.28

Alignment 943.83  10 2000.00 5.45 13.78 10.18 14.06 0.000643 4.20 493.67 88.60 0.29

Alignment 943.83  25 2500.00 5.45 14.58 10.68 14.91 0.000674 4.65 565.59 92.52 0.31

Alignment 943.83  50 3150.00 5.45 15.49 11.24 15.91 0.000711 5.18 652.39 98.57 0.32

Alignment 943.83  100 3550.00 5.45 16.02 11.57 16.47 0.000729 5.46 706.79 109.59 0.33
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HEC�RAS  Plan: Low N   River: san pedro creek   Reach: Alignment (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Alignment 943.83  250 4000.00 5.45 16.57 11.90 17.07 0.000748 5.77 769.53 118.97 0.34

Alignment 943.83  500 4320.00 5.45 16.94 12.13 17.48 0.000759 5.97 815.25 125.37 0.34

Alignment 906.61  2 700.00 5.00 10.60 8.32 10.69 0.000514 2.50 280.25 81.41 0.24

Alignment 906.61  5 1500.00 5.00 12.91 9.27 13.07 0.000426 3.18 477.27 88.99 0.23

Alignment 906.61  10 2000.00 5.00 13.81 9.76 14.02 0.000463 3.66 558.77 91.94 0.25

Alignment 906.61  25 2500.00 5.00 14.61 10.20 14.87 0.000493 4.07 633.52 94.57 0.26

Alignment 906.61  50 3150.00 5.00 15.54 10.75 15.86 0.000526 4.55 722.12 97.37 0.28

Alignment 906.61  100 3550.00 5.00 16.06 11.04 16.42 0.000543 4.81 774.38 100.68 0.29

Alignment 906.61  250 4000.00 5.00 16.62 11.38 17.02 0.000562 5.10 830.94 103.63 0.29

Alignment 906.61  500 4320.00 5.00 16.99 11.61 17.43 0.000574 5.29 870.46 105.64 0.30

Alignment 905     Bridge

Alignment 827.96  2 700.00 4.60 10.56 6.96 10.65 0.000295 2.66 411.86 89.41 0.20

Alignment 827.96  5 1500.00 4.60 12.81 8.17 13.01 0.000428 3.98 630.18 104.71 0.25

Alignment 827.96  10 2000.00 4.60 13.67 8.78 13.95 0.000530 4.75 722.45 110.37 0.28

Alignment 827.96  25 2500.00 4.60 14.43 9.33 14.79 0.000618 5.41 808.05 115.37 0.31

Alignment 827.96  50 3150.00 4.60 15.29 9.98 15.76 0.000721 6.19 910.30 121.08 0.34

Alignment 827.96  100 3550.00 4.60 15.78 10.40 16.32 0.000776 6.63 970.79 124.33 0.35

Alignment 827.96  250 4000.00 4.60 16.30 10.83 16.91 0.000835 7.09 1035.75 127.73 0.37

Alignment 827.96  500 4320.00 4.60 16.65 11.09 17.31 0.000874 7.39 1081.01 130.05 0.38

Alignment 812.00  2 700.00 4.50 10.47 7.36 10.64 0.000567 3.65 323.59 72.76 0.27

Alignment 812.00  5 1500.00 4.50 12.62 8.81 12.99 0.000850 5.52 492.92 84.70 0.34

Alignment 812.00  10 2000.00 4.50 13.39 9.54 13.92 0.001077 6.61 560.05 87.87 0.39

Alignment 812.00  25 2500.00 4.50 14.07 10.18 14.75 0.001285 7.58 619.98 90.65 0.44

Alignment 812.00  50 3150.00 4.50 14.79 10.99 15.70 0.001578 8.83 687.46 96.56 0.49

Alignment 812.00  100 3550.00 4.50 15.19 11.44 16.25 0.001746 9.53 726.86 99.69 0.52

Alignment 812.00  250 4000.00 4.50 15.60 12.08 16.83 0.001934 10.29 768.18 102.70 0.55

Alignment 812.00  500 4320.00 4.50 15.87 12.44 17.22 0.002064 10.81 796.41 104.71 0.57

Alignment 795.58  2 700.00 4.42 10.47 7.24 10.63 0.000492 3.50 339.88 84.80 0.26

Alignment 795.58  5 1500.00 4.42 12.63 8.67 12.96 0.000712 5.19 551.30 109.39 0.32

Alignment 795.58  10 2000.00 4.42 13.42 9.32 13.88 0.000884 6.16 640.94 116.49 0.37

Alignment 795.58  25 2500.00 4.42 14.11 10.10 14.70 0.001032 7.00 723.70 122.27 0.40

Alignment 795.58  50 3150.00 4.42 14.88 10.99 15.63 0.001217 8.01 820.01 129.17 0.44

Alignment 795.58  100 3550.00 4.42 15.31 11.49 16.16 0.001323 8.58 876.45 133.80 0.46

Alignment 795.58  250 4000.00 4.42 15.75 12.05 16.72 0.001441 9.20 936.63 138.87 0.49
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HEC�RAS  Plan: Low N   River: san pedro creek   Reach: Alignment (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Alignment 795.58  500 4320.00 4.42 16.05 12.41 17.10 0.001521 9.62 978.32 142.43 0.50

Alignment 783.95  2 700.00 4.40 10.33 7.75 10.61 0.000999 4.54 229.98 61.94 0.35

Alignment 783.95  5 1500.00 4.40 12.30 9.40 12.92 0.001505 6.89 389.26 102.96 0.45

Alignment 783.95  10 2000.00 4.40 12.91 10.12 13.82 0.002012 8.40 457.48 122.31 0.53

Alignment 783.95  25 2500.00 4.40 13.42 11.13 14.62 0.002458 9.68 524.76 137.46 0.59

Alignment 783.95  50 3150.00 4.40 13.96 11.98 15.53 0.003041 11.22 602.29 152.78 0.66

Alignment 783.95  100 3550.00 4.40 14.28 12.62 16.05 0.003320 12.01 652.85 160.20 0.69

Alignment 783.95  250 4000.00 4.40 14.60 13.65 16.60 0.003647 12.87 704.63 167.19 0.73

Alignment 783.95  500 4320.00 4.40 14.81 14.17 16.97 0.003870 13.45 740.27 171.84 0.76

Alignment 774.21  2 700.00 4.33 10.41 7.47 10.56 0.000568 3.50 358.30 83.49 0.26

Alignment 774.21  5 1500.00 4.33 12.51 8.76 12.82 0.000818 5.23 552.11 106.64 0.34

Alignment 774.21  10 2000.00 4.33 13.22 9.44 13.66 0.001049 6.29 634.03 124.75 0.39

Alignment 774.21  25 2500.00 4.33 13.84 10.04 14.41 0.001255 7.22 717.45 145.96 0.43

Alignment 774.21  50 3150.00 4.33 14.51 10.76 15.26 0.001500 8.28 821.28 158.28 0.47

Alignment 774.21  100 3550.00 4.33 14.91 11.24 15.75 0.001625 8.86 884.32 163.42 0.50

Alignment 774.21  250 4000.00 4.33 15.30 11.71 16.26 0.001766 9.48 950.40 168.88 0.52

Alignment 774.21  500 4320.00 4.33 15.57 11.99 16.60 0.001861 9.90 996.05 172.61 0.54

Alignment 749.01  2 700.00 4.30 10.38 7.32 10.54 0.000542 3.43 330.89 102.43 0.26

Alignment 749.01  5 1500.00 4.30 12.50 9.17 12.79 0.000693 4.84 558.50 112.59 0.31

Alignment 749.01  10 2000.00 4.30 13.22 9.87 13.63 0.000868 5.76 641.18 116.00 0.35

Alignment 749.01  25 2500.00 4.30 13.85 10.44 14.37 0.001026 6.57 714.49 118.81 0.39

Alignment 749.01  50 3150.00 4.30 14.52 11.16 15.21 0.001231 7.56 796.11 121.86 0.43

Alignment 749.01  100 3550.00 4.30 14.91 11.55 15.69 0.001343 8.11 843.91 123.61 0.45

Alignment 749.01  250 4000.00 4.30 15.31 11.95 16.20 0.001473 8.72 892.82 125.38 0.48

Alignment 749.01  500 4320.00 4.30 15.57 12.24 16.54 0.001562 9.13 925.87 126.56 0.49

Alignment 747     Bridge

Alignment 703.04  2 700.00 4.00 10.35 7.02 10.44 0.000319 2.82 504.79 111.55 0.20

Alignment 703.04  5 1500.00 4.00 12.49 8.19 12.67 0.000475 4.21 750.55 119.20 0.26

Alignment 703.04  10 2000.00 4.00 13.24 8.76 13.50 0.000615 5.08 841.61 123.33 0.30

Alignment 703.04  25 2500.00 4.00 13.90 9.30 14.25 0.000742 5.85 924.08 126.95 0.33

Alignment 703.04  50 3150.00 4.00 14.62 9.92 15.08 0.000906 6.79 1016.89 130.91 0.37

Alignment 703.04  100 3550.00 4.00 15.03 10.27 15.56 0.001000 7.32 1070.36 133.14 0.39

Alignment 703.04  250 4000.00 4.00 15.44 10.67 16.05 0.001107 7.90 1125.44 135.40 0.42

Alignment 703.04  500 4320.00 4.00 15.71 10.94 16.39 0.001181 8.29 1163.05 136.91 0.43
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HEC�RAS  Plan: Low N   River: san pedro creek   Reach: Alignment (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Alignment 687.00  2 700.00 3.95 10.35 7.12 10.43 0.000398 2.89 507.87 109.06 0.21

Alignment 687.00  5 1500.00 3.95 12.49 8.30 12.66 0.000589 4.30 747.20 114.56 0.26

Alignment 687.00  10 2000.00 3.95 13.24 8.85 13.49 0.000758 5.17 834.19 116.49 0.30

Alignment 687.00  25 2500.00 3.95 13.90 9.38 14.23 0.000912 5.95 911.82 118.20 0.34

Alignment 687.00  50 3150.00 3.95 14.63 9.91 15.05 0.001110 6.89 997.98 120.09 0.38

Alignment 687.00  100 3550.00 3.95 15.03 10.21 15.53 0.001226 7.43 1047.93 124.94 0.40

Alignment 687.00  250 4000.00 3.95 15.45 10.61 16.02 0.001356 8.01 1099.83 126.39 0.42

Alignment 687.00  500 4320.00 3.95 15.72 10.87 16.35 0.001445 8.41 1135.76 143.98 0.44

Alignment 662     2 700.00 3.91 10.32 7.14 10.42 0.000474 3.09 437.91 94.93 0.22

Alignment 662     5 1500.00 3.91 12.43 8.40 12.64 0.000741 4.54 644.05 99.68 0.28

Alignment 662     10 2000.00 3.91 13.17 8.98 13.46 0.000972 5.44 717.82 101.30 0.33

Alignment 662     25 2500.00 3.91 13.81 9.56 14.19 0.001174 6.27 783.00 102.95 0.36

Alignment 662     50 3150.00 3.91 14.50 10.20 15.01 0.001439 7.28 854.61 104.73 0.41

Alignment 662     100 3550.00 3.91 14.88 10.58 15.48 0.001594 7.86 895.54 108.62 0.43

Alignment 662     250 4000.00 3.91 15.27 11.00 15.97 0.001771 8.49 938.14 110.77 0.46

Alignment 662     500 4320.00 3.91 15.53 11.28 16.30 0.001893 8.92 967.04 111.68 0.47

Alignment 640.27  2 700.00 3.84 10.32 6.85 10.40 0.000339 2.73 462.71 96.98 0.20

Alignment 640.27  5 1500.00 3.84 12.43 8.07 12.62 0.000521 4.14 673.54 102.41 0.26

Alignment 640.27  10 2000.00 3.84 13.16 8.68 13.44 0.000679 5.00 749.05 104.29 0.30

Alignment 640.27  25 2500.00 3.84 13.80 9.20 14.17 0.000827 5.78 816.03 105.93 0.33

Alignment 640.27  50 3150.00 3.84 14.49 9.81 14.98 0.001021 6.73 889.56 107.71 0.37

Alignment 640.27  100 3550.00 3.84 14.87 10.15 15.44 0.001135 7.28 931.50 111.53 0.40

Alignment 640.27  250 4000.00 3.84 15.26 10.53 15.93 0.001267 7.88 975.09 113.74 0.42

Alignment 640.27  500 4320.00 3.84 15.52 10.80 16.25 0.001357 8.28 1004.69 114.64 0.44

Alignment 570.02  2 700.00 3.60 10.29 6.88 10.38 0.000347 2.89 475.72 101.16 0.20

Alignment 570.02  5 1500.00 3.60 12.38 8.13 12.58 0.000543 4.38 692.97 106.67 0.27

Alignment 570.02  10 2000.00 3.60 13.10 8.75 13.39 0.000716 5.31 769.96 109.22 0.31

Alignment 570.02  25 2500.00 3.60 13.72 9.27 14.10 0.000879 6.14 838.38 111.44 0.35

Alignment 570.02  50 3150.00 3.60 14.38 9.94 14.90 0.001095 7.17 913.28 113.82 0.39

Alignment 570.02  100 3550.00 3.60 14.75 10.30 15.36 0.001224 7.76 955.67 116.59 0.42

Alignment 570.02  250 4000.00 3.60 15.12 10.65 15.83 0.001378 8.42 999.17 120.36 0.44

Alignment 570.02  500 4320.00 3.60 15.37 10.94 16.15 0.001481 8.85 1029.06 121.47 0.46

Alignment 529.68  2 700.00 3.96 9.71 7.58 10.30 0.002805 6.17 113.51 23.68 0.50

Alignment 529.68  5 1500.00 3.96 11.44 9.91 12.46 0.004179 8.50 298.96 152.45 0.63
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HEC�RAS  Plan: Low N   River: san pedro creek   Reach: Alignment (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Alignment 529.68  10 2000.00 3.96 11.86 11.71 13.22 0.005326 10.06 363.17 154.42 0.72

Alignment 529.68  25 2500.00 3.96 12.27 12.27 13.90 0.006134 11.28 426.35 156.36 0.78

Alignment 529.68  50 3150.00 3.96 12.91 12.91 14.69 0.006253 12.13 527.37 159.52 0.80

Alignment 529.68  100 3550.00 3.96 13.20 13.20 15.13 0.006591 12.79 573.78 161.04 0.83

Alignment 529.68  250 4000.00 3.96 13.57 13.57 15.59 0.006631 13.26 635.12 162.78 0.84

Alignment 529.68  500 4320.00 3.96 13.81 13.81 15.91 0.006720 13.62 674.30 163.95 0.85

Alignment 429.68  2 700.00 5.50 9.26 8.39 9.95 0.004230 6.67 104.97 32.73 0.66

Alignment 429.68  5 1500.00 5.50 10.78 10.78 11.95 0.005930 8.87 244.29 285.28 0.80

Alignment 429.68  10 2000.00 5.50 11.39 11.39 12.64 0.005646 9.48 364.26 288.95 0.80

Alignment 429.68  25 2500.00 5.50 11.87 11.87 13.22 0.005616 10.13 459.67 294.62 0.81

Alignment 429.68  50 3150.00 5.50 12.22 12.22 13.45 0.005313 10.33 714.37 306.58 0.80

Alignment 429.68  100 3550.00 5.50 12.45 12.45 13.75 0.005475 10.79 783.34 315.00 0.81

Alignment 429.68  250 4000.00 5.50 12.69 12.69 14.07 0.005658 11.28 854.89 318.75 0.83

Alignment 429.68  500 4320.00 5.50 12.86 12.86 14.29 0.005736 11.59 905.82 321.56 0.84

Alignment 329.68  2 700.00 5.00 8.01 8.01 9.26 0.010634 8.94 78.26 31.91 1.01

Alignment 329.68  5 1500.00 5.00 10.12 10.12 11.31 0.006005 9.04 194.76 99.85 0.81

Alignment 329.68  10 2000.00 5.00 10.99 10.99 11.96 0.004178 8.64 320.70 209.11 0.70

Alignment 329.68  25 2500.00 5.00 11.43 11.43 12.38 0.003968 8.92 415.71 224.24 0.69

Alignment 329.68  50 3150.00 5.00 11.82 11.82 12.84 0.004122 9.54 506.04 242.22 0.71

Alignment 329.68  100 3550.00 5.00 11.99 11.99 13.09 0.004337 9.99 549.86 248.67 0.73

Alignment 329.68  250 4000.00 5.00 12.25 12.25 13.35 0.004256 10.19 616.07 261.13 0.73

Alignment 329.68  500 4320.00 5.00 12.40 12.40 13.52 0.004282 10.40 655.65 266.42 0.74

Alignment 200     2 700.00 5.00 5.25 5.25 5.37 0.009253 2.82 248.13 1000.00 1.00

Alignment 200     5 1500.00 5.00 5.41 5.41 5.62 0.007826 3.64 412.25 1000.00 1.00

Alignment 200     10 2000.00 5.00 5.50 5.50 5.75 0.007428 4.02 497.67 1000.00 1.00

Alignment 200     25 2500.00 5.00 5.58 5.58 5.87 0.007038 4.33 578.30 1000.00 1.00

Alignment 200     50 3150.00 5.00 5.67 5.67 6.01 0.006735 4.68 673.20 1000.00 1.01

Alignment 200     100 3550.00 5.00 5.73 5.73 6.10 0.006564 4.88 728.88 1000.00 1.01

Alignment 200     250 4000.00 5.00 5.79 5.79 6.19 0.006395 5.07 789.20 1000.00 1.01

Alignment 200     500 4320.00 5.00 5.83 5.83 6.25 0.006256 5.20 831.97 1000.00 1.00
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HEC�RAS  Plan: Low N   River: san pedro creek   Reach: Alignment

Reach River Sta Profile E.G. Elev W.S. Elev Crit W.S. Frctn Loss C & E Loss Top Width Q Left Q Channel Q Right Vel Chnl

(ft) (ft) (ft) (ft) (ft) (ft) (cfs) (cfs) (cfs) (ft/s)

Alignment 943.83  2 10.73 10.59 8.60 0.02 0.01 72.83 700.00 2.97

Alignment 943.83  5 13.10 12.89 9.64 0.02 0.02 84.18 1.50 1497.05 1.46 3.67

Alignment 943.83  10 14.06 13.78 10.18 0.02 0.02 88.60 4.33 1991.45 4.22 4.20

Alignment 943.83  25 14.91 14.58 10.68 0.02 0.02 92.52 8.67 2482.90 8.44 4.65

Alignment 943.83  50 15.91 15.49 11.24 0.02 0.03 98.57 16.33 3117.77 15.91 5.18

Alignment 943.83  100 16.47 16.02 11.57 0.02 0.03 109.59 22.20 3505.65 22.15 5.46

Alignment 943.83  250 17.07 16.57 11.90 0.02 0.03 118.97 30.42 3937.65 31.92 5.77

Alignment 943.83  500 17.48 16.94 12.13 0.02 0.03 125.37 36.49 4242.51 41.00 5.97

Alignment 906.61  2 10.69 10.60 8.32 0.00 0.00 81.41 700.00 2.50

Alignment 906.61  5 13.07 12.91 9.27 0.00 0.01 88.99 0.80 1498.40 0.80 3.18

Alignment 906.61  10 14.02 13.81 9.76 0.00 0.01 91.94 2.34 1995.33 2.34 3.66

Alignment 906.61  25 14.87 14.61 10.20 0.00 0.01 94.57 4.70 2490.59 4.70 4.07

Alignment 906.61  50 15.86 15.54 10.75 0.00 0.01 97.37 9.06 3132.01 8.93 4.55

Alignment 906.61  100 16.42 16.06 11.04 0.00 0.02 100.68 12.10 3525.57 12.32 4.81

Alignment 906.61  250 17.02 16.62 11.38 0.00 0.02 103.63 15.58 3967.29 17.13 5.10

Alignment 906.61  500 17.43 16.99 11.61 0.00 0.02 105.64 18.10 4280.66 21.24 5.29

Alignment 905     BR U 2 10.69 10.57 7.45 0.03 0.00 94.85 54.82 586.89 58.30 3.00

Alignment 905     BR U 5 13.06 12.85 9.15 0.03 0.00 106.26 170.72 1141.48 187.81 4.08

Alignment 905     BR U 10 14.01 13.73 9.77 0.04 0.00 110.67 245.86 1481.75 272.39 4.74

Alignment 905     BR U 25 14.86 14.52 10.30 0.04 0.01 114.60 324.50 1814.22 361.29 5.31

Alignment 905     BR U 50 15.84 15.37 10.93 0.05 0.00 118.87 343.66 2311.19 495.16 6.19

Alignment 905     BR U 100 16.40 15.88 11.29 0.05 0.01 121.42 399.79 2576.62 573.59 6.57

Alignment 905     BR U 250 17.00 16.42 11.68 0.06 0.01 122.00 466.12 2869.45 664.43 6.96

Alignment 905     BR U 500 17.41 16.79 11.93 0.06 0.01 122.00 514.10 3075.85 730.05 7.23

Alignment 905     BR D 2 10.66 10.54 7.14 0.00 0.01 105.17 67.85 620.92 11.23 2.95

Alignment 905     BR D 5 13.03 12.80 8.85 0.01 0.01 114.19 215.59 1242.66 41.75 4.19

Alignment 905     BR D 10 13.97 13.66 9.53 0.01 0.01 117.62 309.69 1626.89 63.42 4.95

Alignment 905     BR D 25 14.81 14.41 10.10 0.01 0.01 120.66 407.10 2005.49 87.41 5.61

Alignment 905     BR D 50 15.78 15.28 10.77 0.01 0.01 124.11 536.68 2492.00 121.32 6.38

Alignment 905     BR D 100 16.34 15.77 11.15 0.01 0.01 126.09 617.95 2788.37 143.68 6.81

Alignment 905     BR D 250 16.93 16.29 11.55 0.01 0.01 127.00 711.55 3117.25 171.21 7.27

Alignment 905     BR D 500 17.34 16.64 11.83 0.01 0.01 127.00 779.24 3348.79 191.97 7.57

Alignment 827.96  2 10.65 10.56 6.96 0.01 0.01 89.41 115.14 580.61 4.26 2.66

Alignment 827.96  5 13.01 12.81 8.17 0.01 0.02 104.71 268.32 1211.72 19.96 3.98

Alignment 827.96  10 13.95 13.67 8.78 0.01 0.02 110.37 368.85 1598.41 32.74 4.75
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HEC�RAS  Plan: Low N   River: san pedro creek   Reach: Alignment (Continued)

Reach River Sta Profile E.G. Elev W.S. Elev Crit W.S. Frctn Loss C & E Loss Top Width Q Left Q Channel Q Right Vel Chnl

(ft) (ft) (ft) (ft) (ft) (ft) (cfs) (cfs) (cfs) (ft/s)

Alignment 827.96  25 14.79 14.43 9.33 0.01 0.03 115.37 472.82 1979.29 47.89 5.41

Alignment 827.96  50 15.76 15.29 9.98 0.02 0.04 121.08 612.06 2467.44 70.49 6.19

Alignment 827.96  100 16.32 15.78 10.40 0.02 0.05 124.33 699.98 2764.01 86.01 6.63

Alignment 827.96  250 16.91 16.30 10.83 0.02 0.06 127.73 800.49 3094.83 104.68 7.09

Alignment 827.96  500 17.31 16.65 11.09 0.02 0.07 130.05 873.07 3328.16 118.77 7.39

Alignment 812.00  2 10.64 10.47 7.36 0.01 0.00 72.76 138.82 555.07 6.11 3.65

Alignment 812.00  5 12.99 12.62 8.81 0.01 0.01 84.70 325.95 1149.20 24.86 5.52

Alignment 812.00  10 13.92 13.39 9.54 0.02 0.02 87.87 450.52 1510.80 38.67 6.61

Alignment 812.00  25 14.75 14.07 10.18 0.02 0.03 90.65 578.28 1867.75 53.97 7.58

Alignment 812.00  50 15.70 14.79 10.99 0.02 0.05 96.56 733.37 2341.36 75.27 8.83

Alignment 812.00  100 16.25 15.19 11.44 0.02 0.06 99.69 832.51 2628.14 89.35 9.53

Alignment 812.00  250 16.83 15.60 12.08 0.03 0.08 102.70 947.16 2947.01 105.82 10.29

Alignment 812.00  500 17.22 15.87 12.44 0.03 0.09 104.71 1029.91 3172.11 117.99 10.81

Alignment 774.21  2 10.56 10.41 7.47 0.01 0.00 83.49 2.26 518.17 179.57 3.50

Alignment 774.21  5 12.82 12.51 8.76 0.02 0.00 106.64 14.20 1070.18 415.62 5.23

Alignment 774.21  10 13.66 13.22 9.44 0.02 0.01 124.75 27.46 1408.71 563.84 6.29

Alignment 774.21  25 14.41 13.84 10.04 0.03 0.02 145.96 49.71 1737.89 712.40 7.22

Alignment 774.21  50 15.26 14.51 10.76 0.03 0.02 158.28 101.01 2147.08 901.91 8.28

Alignment 774.21  100 15.75 14.91 11.24 0.04 0.02 163.42 141.85 2390.43 1017.72 8.86

Alignment 774.21  250 16.26 15.30 11.71 0.04 0.02 168.88 191.93 2660.39 1147.68 9.48

Alignment 774.21  500 16.60 15.57 11.99 0.04 0.02 172.61 230.65 2849.47 1239.89 9.90

Alignment 749.01  2 10.54 10.38 7.32 0.00 0.01 102.43 5.21 611.13 83.66 3.43

Alignment 749.01  5 12.79 12.50 9.17 0.00 0.01 112.59 21.55 1200.28 278.16 4.84

Alignment 749.01  10 13.63 13.22 9.87 0.00 0.01 116.00 33.52 1564.75 401.73 5.76

Alignment 749.01  25 14.37 13.85 10.44 0.00 0.00 118.81 47.04 1921.94 531.02 6.57

Alignment 749.01  50 15.21 14.52 11.16 0.00 0.01 121.86 66.28 2380.34 703.38 7.56

Alignment 749.01  100 15.69 14.91 11.55 0.00 0.02 123.61 79.22 2658.19 812.59 8.11

Alignment 749.01  250 16.20 15.31 11.95 0.00 0.03 125.38 94.38 2969.05 936.56 8.72

Alignment 749.01  500 16.54 15.57 12.24 0.00 0.04 126.56 105.62 3188.66 1025.72 9.13

Alignment 747     BR U 2 10.53 10.27 7.44 0.04 0.01 38.81 0.02 699.98 4.08

Alignment 747     BR U 5 12.78 12.38 9.28 0.04 0.01 101.91 7.19 1347.93 144.88 5.31

Alignment 747     BR U 10 13.62 13.13 10.18 0.05 0.01 105.90 15.69 1700.58 283.73 6.01

Alignment 747     BR U 25 14.36 13.80 11.53 0.05 0.02 108.90 27.09 2031.31 441.60 6.57

Alignment 747     BR U 50 15.20 14.54 12.25 0.05 0.02 111.68 45.08 2445.63 659.30 7.24
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HEC�RAS  Plan: Low N   River: san pedro creek   Reach: Alignment (Continued)

Reach River Sta Profile E.G. Elev W.S. Elev Crit W.S. Frctn Loss C & E Loss Top Width Q Left Q Channel Q Right Vel Chnl

(ft) (ft) (ft) (ft) (ft) (ft) (cfs) (cfs) (cfs) (ft/s)

Alignment 747     BR U 100 15.67 14.95 12.62 0.06 0.03 113.14 58.02 2692.11 799.87 7.60

Alignment 747     BR U 250 16.16 15.38 13.00 0.06 0.03 115.00 73.82 2968.73 957.46 8.01

Alignment 747     BR U 500 16.50 15.66 13.25 0.06 0.03 116.29 85.94 3162.67 1071.39 8.29

Alignment 747     BR D 2 10.48 10.25 7.15 0.00 0.05 38.75 0.02 699.98 3.92

Alignment 747     BR D 5 12.73 12.37 9.03 0.00 0.05 112.15 6.69 1332.30 161.01 5.10

Alignment 747     BR D 10 13.56 13.12 9.95 0.00 0.05 115.93 14.67 1668.03 317.30 5.74

Alignment 747     BR D 25 14.29 13.80 11.43 0.00 0.05 119.30 25.41 1981.78 492.82 6.26

Alignment 747     BR D 50 15.12 14.54 12.16 0.00 0.04 123.01 42.40 2375.38 732.22 6.87

Alignment 747     BR D 100 15.59 14.96 12.52 0.00 0.03 125.13 54.64 2608.82 886.53 7.20

Alignment 747     BR D 250 16.08 15.39 12.87 0.00 0.02 127.28 69.57 2868.19 1062.24 7.57

Alignment 747     BR D 500 16.41 15.69 13.11 0.00 0.01 128.75 81.06 3049.25 1189.69 7.81

Alignment 703.04  2 10.44 10.35 7.02 0.01 0.00 111.55 5.00 474.32 220.68 2.82

Alignment 703.04  5 12.67 12.49 8.19 0.01 0.00 119.20 22.77 961.04 516.19 4.21

Alignment 703.04  10 13.50 13.24 8.76 0.01 0.00 123.33 36.46 1266.02 697.53 5.08

Alignment 703.04  25 14.25 13.90 9.30 0.01 0.01 126.95 52.35 1566.83 880.83 5.85

Alignment 703.04  50 15.08 14.62 9.92 0.02 0.01 130.91 75.36 1953.87 1120.77 6.79

Alignment 703.04  100 15.56 15.03 10.27 0.02 0.01 133.14 90.91 2189.64 1269.45 7.32

Alignment 703.04  250 16.05 15.44 10.67 0.02 0.01 135.40 109.27 2453.51 1437.21 7.90

Alignment 703.04  500 16.39 15.71 10.94 0.02 0.01 136.91 122.99 2640.06 1556.95 8.29

Alignment 687.00  2 10.43 10.35 7.12 0.01 0.00 109.06 0.01 423.58 276.42 2.89

Alignment 687.00  5 12.66 12.49 8.30 0.02 0.00 114.56 0.55 851.55 647.90 4.30

Alignment 687.00  10 13.49 13.24 8.85 0.02 0.00 116.49 1.20 1117.48 881.32 5.17

Alignment 687.00  25 14.23 13.90 9.38 0.03 0.01 118.20 2.12 1379.88 1118.00 5.95

Alignment 687.00  50 15.05 14.63 9.91 0.03 0.01 120.09 3.61 1718.12 1428.27 6.89

Alignment 687.00  100 15.53 15.03 10.21 0.03 0.01 124.94 4.12 1924.81 1621.08 7.43

Alignment 687.00  250 16.02 15.45 10.61 0.04 0.01 126.39 6.73 2155.43 1837.84 8.01

Alignment 687.00  500 16.35 15.72 10.87 0.04 0.01 143.98 8.97 2318.52 1992.51 8.41
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Appendix   D 
 

SCOUR 
Section showing Route�1 Bridge  

  for the 100�year storm event 

and the 500�year storm event 

Revetment Calculation 
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Figure 6.1. Comparison of scour equations for variable depth ratios (y/a) (after Jones).<46
> 

Mueller<49
> compared 22 scour equations using field data collected by the USGS<50

>. He 
concluded that the HEC-18 equation was good for design because it rarely under predicted 
measured scour depth. However, it frequently over-predicted the observed scour. The data 
contained 384 field measurements of scour at 56 bridges (Figure 6.2). 

From laboratory data, Melville and Sutherland reported 2.4 as an upper limit for the depth of 
scour to pier width ratio (ys(a) for cylindrical piers.<28

> In these studies, the Froude Number 
was less than 1.0. Chang{ 1

> also, noted that in all the data he studied, there were no values 
of the ratio of scour depth to pier width (ysla) larger than 2.3. However, values of yJa around 
3.0 were obtained by Jain and Fischer for chute-and-pool flows with Froude Numbers as 
high as 1.5.<47

> The largest value of yJa for antidune flow was 2.5 with a Froude Number of 
1.2. These upper limits were derived for circular piers and were uncorrected for pier shape 
or for skew. Also, pressure flow, ice or debris can increase the ratio. 

From the above discussion, the ratio of y.la can be as large as 3 at large Froude 
Numbers. Therefore, it is recommended that the maximum value of the ratio be taken 
as 2.4 for Froude Numbers less than or equal to 0.8 and 3.0 for larger Froude 
Numbers. These limiting ratio values apply only to round nose piers which are 
aligned with the flow. 

6.2 LOCAL PIER SCOUR EQUATION 

To determine pier scour, an equation based on the CSU equation is recommended for 
both live-bed and clear-water pier scour.<22

> The equation predicts maximum pier scour 
depths. The equation is: 

(6.1) 

6.2 
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As a Rule of Thumb, the maximum scour depth for round nose piers aligned with the flow is: 

Ys ~ 2.4 times the pier width (a) for Fr ~ 0.8 
Ys ~ 3.0 times the pier width (a) for Fr > 0.8 

In terms of ysfa, Equation 6.1 is: 

l!.-20 K K K K 11 Fr0·43 
( )

0.35 

a-· 1 2 34a 1 

where: 

Ys = Scour depth, m (ft) 
Y1 = Flow depth directly upstream of the pier, m (ft) 
K1 = Correction factor for pier nose shape from Figure 6.3 and Table 6.1 

(6.2) 

(6.3) 

K2 = Correction factor for angle of attack of flow from Table 6.2 or Equation 6.4 
K3 = Correction factor for bed condition from Table 6.3 
~ = Correction factor for armoring by bed material size from Equation 6.5 
a = Pier width, m (ft) 
L = Length of pier, m (ft) 
Fr1 = Froude Number directly upstream of the pier= V1/(gy1)

112 
V1 = Mean velocity of flow directly upstream of the pier, m/s (ft/s) 
g = Acceleration of gravity (9.81 m/s2

) (32.2 ft/s2
) 

The correction factor, K2, for angle of attack of the flow, e, is calculated using the following 
equation: 

K2 = (Cos 9 + L I a Sin 9)0
·
65 (6.4) 

If Ua is larger than 12, use Ua = 12 as a maximum in Equation 6.4 and Table 6.2. Table 6.2 
illustrates the magnitude of the effect of the angle of attack on local pier scour. 

L 

~a act---· ----; co L 

(a) SQUARE NOSE (b) ROUND NOSE (c) CYLINDER 

£d) 
(d) SHARP NOSE (e) GROUP OF CYLINDERS 

(See Multiple Columns) 

Figure 6.3. Common pier shapes. 
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Table 6.1. Correction Factor, K1, Table 6.2. Correction Factor, K2, for Angle of 
for Pier Nose Shape. Attack, 8, of the Flow. 

Shape of Pier Nose K1 Angle L/a=4 Ua=B Ua=12 
(a) Square nose 1.1 0 1.0 1.0 1.0 
(b) Round nose 1.0 15 1.5 2.0 2.5 
(c) Circular cylinder 1.0 30 2.0 2.75 3.5 
(d) Group of cylinders 1.0 45 2.3 3.3 4.3 
(e) Sharp nose 0.9 90 2.5 3.9 5.0 

Angle = skew angle of flow 
L =length of pier, m 

Table 6.3. Increase in Equilibrium Pier Scour Depths, K3, for Bed Condition. 

Bed Condition Dune Height m K3 
Clear-Water Scour N/A 1.1 
Plane bed and Antidune flow N/A 1.1 
Small Dunes 3> H ~ 0.6 1.1 
Medium Dunes 9> H ~ 3 1.2 to 1.1 
Large Dunes H~9 1.3 

Notes: 

1. The correction factor K1 for pier nose shape should be determined using Table 6.1 for 
angles of attack up to 5 degrees. For greater angles, K2 dominates and K1 should be 
considered as 1.0. If Ua is larger than 12, use the values for Ua = 12 as a maximum in 
Table 6.2 and Equation 6.4. 

2. The values of the correction factor K2 should be applied only when the field conditions 
are such that the entire length of the pier is subjected to the angle of attack of the flow. 
Use of this factor will result in a significant over-prediction of scour if (1) a portion of the 
pier is shielded from the direct impingement of the flow by an abutment or another pier; 
or (2) an abutment or another pier redirects the flow in a direction parallel to the pier. For 
such cases, judgment must be exercised to reduce the value of the K2 factor by selecting 
the effective length of the pier actually subjected to the angle of attack of the flow. 
Equation 6.4 should be used for evaluation and design. Table 6.2 is intended to 
illustrate the importance of angle of attack in pier scour computations and to establish a 
cutoff point for K2 (i.e., a maximum value of 5.0). 

3. The correction factor K3 results from the fact that for plane-bed conditions, which is 
typical of most bridge sites for the flood frequencies employed in scour design, the 
maximum scour may be 10 percent greater than computed with Equation 6.1. In the 
unusual situation where a dune bed configuration with large dunes exists at a site 
during flood flow, the maximum pier scour may be 30 percent greater than the predicted 
equation value. This may occur on very large rivers, such as the Mississippi. For 
smaller streams that have a dune bed configuration at flood flow, the dunes will be 
smaller and the maximum scour may be only 10 to 20 percent larger than equilibrium 
scour. For antidune bed configuration the maximum scour depth may be 10 percent 
greater than the computed equilibrium pier scour depth. 
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4. Piers set close to abutments (for example at the toe of a spill through abutment) must be 
carefully evaluated for the angle of attack and velocity of the flow coming around the 
abutment. 

The correction factor ~ decreases scour depths for armoring of the scour hole for bed 
materials that have a 0 50 equal to or larger than 2.0 mm and 0g5 equal to or larger than 20 
mm. The correction factor results from recent research by Molinas and Mueller. Molinas's 
research for FHWA showed that when the approach velocity (V1) is less than the critical 
velocity (Vc9o) of the 0 90 size of the bed material and there is a gradation in sizes in the bed 
material, the 090 will limit the scour depth.<30

' 
52

) Mueller and Jones<53
) developed a Ks 

correction coefficient from a study of 384 field measurements of scour at 56 bridges. The 
equation developed by Jones<54l given in HEC-18 Third Edition should be replaced with the 
following: 

• If 0 50 < 2 mm or Ogs < 20 mm, then~= 1 
• If 0 50 ~ 2 mm and D9s ~ 20 mm 

then: 

(6.5) 

where: 

V -V 0 v. - 1 IC 50 0 R- > 
V - V D C050 IC 95 

(6.6) 

and: 

V1cox = approach velocity (m/s or ft/sec) required to initiate scour at the pier for the 
grain size Dx (m or ft) 

(
D )o.os3 

vieD = 0.645 _ x Vco • a • 
(6.7) 

Vcex =critical velocity (m/s or ft/s) for incipient motion for the grain size Dx (m or ft) 

V = K y11s 0 113 
CO, U 1 X 

where: 

Y1 = Depth of flow just upstream of the pier, excluding local scour, m (ft) 
V1 = Velocity of the approach flow just upstream of the pier, m/s (ft/s) 
Dx = Grain size for which x percent of the bed material is finer, m (ft) 
Ku = 6.19 Sl Units 
Ku = 11 .17 English Units 

(6.8) 

While ~ provides a good fit with the field data the velocity ratio terms are so formed that if 
Dso is held constant and Ogs increases, the value of ~ increases rather than decreases. <53) 
For field data an increase in D95 was always accompanied with an increase in 0 50• The 
minimum value of K. is 0.4. 
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Bridge Scour and Stream Instability Countenneasures: Experience, Selection, and 
Design Guidance-Third Edition 
Design Guideline 8 Articulating Concrete Block Systems 
8.1 INTRODUCTION 

Articulating concrete block systems (ACBs) provide a flexible alternative to riprap, gabions and rigid revetments. 
These systems consist of preformed units which either interlock, are held together by cables, or both to form a 
continuous blanket or block matrix (Figure 8.1 ). This design guideline considers two applications of ACB's: 
Application 1 - bank revetment and bed armor; and Apptication 2 - pier scour protection. 

For over three decades. ACB systems have been used for streambank revetment or ful channel armoring where 
the mat is placed across the entire channel cross section. For this reason, guidelines for these applications are 
well established (Harris County Flood Control District 2001). Guidance for the design of ACBs for protection 
against pier scour is derived from NCHRP Report 593, "Countermeasures for Protecting Bridge Piers from 
Scour" (Lagasse et al. 2007). 

The term "articulating," as used in this document, implies the ability of individual blocks of the system to conform 
to changes in the subgrade while remaining interconnected by virtue of block interlock and/or additional system 
components such as cables, ropes, geotextiles, or geogrids. ACB systems include interlocking and non
interlocking block geometries; cabled and non-cabled systems; and vegetated and non-vegetated systems. 
Block systems are typically avaWable in both open-eel and closed-<:.ell varieties. 

Manufacturers of ACBs have a responsib~ity to test their products and to develop design parameters based on 
the results from these tests. A standard performance test is given in ASTM 07277. Since ACBs vary in shape, 
size. and performance from one system to the next, each system will have unique design parameters. A 
procedure to develop hydraulic design criteria for ACBs given the appropriate hydraulic stability performance 
data for a particular block system is presented In this section. 

(a) (b) 
Figure 8.1. Examples of (a) Interlocking block system (courtesy American Excelsior) and (b) cabled 

block system (courtesy Armortec). 
8.2 BACKGROUND 

Beginning in 1983, a group of agencies of the federal government, led by the Federal Highway Administration 
(FHWA), initiated a multi-year research and testing program in an effort to determine. quantitatively, the 
performance and reliability of commercially available erosion protection treatments. The research was conduded 
in 1989, with the final two years of testing concentrated on the performance of ACBs. Full-scale testing 
methodologies and results for embankment overtopping conditions from the FHWA research are published In 
Clopper and Chen (1988) and Clopper (1989). 

The tests provided both quafitative and quantitative insight into the hydrau~c behavior and stability of these types 
of revetments. Failure mechanisms were identified and quantitatively described as a result of that research 
effort. Threshold hydraulic loadings were related to foroes causing instability in order to better define selection, 
design, and installation guidelines. Concurrently with the FHWA tests, researchers in the United Kingdom were 
also evaluating similar erosion protection systems at full scale. Both groups of researchers agreed that an 
accurate, yet suitably conservative, definition of "failure• for ACBs can be desaibed as the local loss of Intimate 
contact between the revetment and the subgrade it protects. This loss of contact can result in the progressive 
growth of one or more of the following destabilizing processes: 

1. Ingress of flow beneath the armor layer, causing Increased uplift pressure and separation of blocks from the 
subgrade. 

2. Loss of subgrade soil through gradual piping erosion and/or washout. 
3. Enhanced potential for rapid saturation and liquefaction of subgrade soils, causing shallow slip geotechnical 

failure (especially in fine-grained, low-cohesive soils on steep slopes). 
4. Loss of block or group of blocks from the revetment matrix. directly exposing the subgrade to the flow. 
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Therefore. selection, design, and installation considerations must be concerned primarily with maintaining 
intimate contact between the block system and the subgrade for the stress levels associated with the hydrau~c 
conditions of the design event. It should be noted that a suitable fdter layer beneath the blocks, and in some 
cases a drainage layer of granular or synthetic material, are considered to be an integral component(s) of the 
overall ACB system. 

The individual blocks of an ACB armor layer must be dense and durable, and the matrix must be flexible and 
porous. ASTM International has published Standard D-6684 (2005) specificaUy for ACB systems. Concrete 
properties required by this standard include the foftowing: 

• Minimum allowable compressive 
strength, lb/in2 

• Maximum anowable water absorption, 
lbfftl' (%) 
• Minimum allowable density in air, lbfftl 
• Freeze-thaw durability 

Average of 3 Units 

4,000 

9.1 ( 7.0°k) 

130 

Individual Unit 

3,500 

11.7 ( 9.4%) 

125 
As specified by owner in accordance with ASTM C-67, C-

666, orC-1262 

ASTM Standard D-6684 also specifies minimum strength properties of geotextiles according to the severity of 
the conditions during installation. Harsh installation conditions (vehicular traffic, repeated lifting, realignment, and 
replacement of mattress sections, etc.) require stronger geotextiles. 

8.3 APPUCATION 1: HYDRAULIC DESIGN PROCEDURE FOR ACB SYSTEMS FOR BANK REVETMENT OR 
BED ARMOR 

1.3.1 Hydraulic Stability O.slgn Procedure 

The hydraulic stability of ACB systems is analyzed using a "discrete partide" approach. The design approach is 
similar to that introduced by Stevens and Simons (1971) as modified by Julien (1995) in the derivation of the 
"Factor of Safety" method for sizing rock riprap. In that method, a calculated factor of safety of 1.0 or greater 
indicates that the particles will be stable under the given hydraulic conditions and site geometry (e.g., side slope 
and bed slope). For ACBs, the Factor of Safety force balance has been recomputed considering the weight and 
geometry of the blocks, and the Shields relationship for estimating the particle's critical shear stress is replaced 
with actual test results (Clopper 1992). 

Considerations are also incorporated into the design procedure to account for the additional forces generated on 
a block that protrudes above the surrounding matrix due to subgrade irregularities or imprecise placement. The 
analysis methodology purposely omits any restraining forces due to cables, because any possible benefit that 
cables might provide are reflected in the performance testing of the block. Cables may prevent blocks from 
being lost entirely. but they do not prevent a block system from faiNng through loss of intimate contact with the 
subgrade. Similarly. the additional stability afforded by vegetative root anchorage or mechanical anchoring 
devices. while recognized as potentially significant. is ignored in the stability analysis procedure for the sake of 
conservatism in block selection and design. 

A drainage layer may be used in conjunction with an ACB system. A drainage layer Ues between the blocks and 
the geotextile and/or granular filter. This layer allows "free" flow of water beneath the block system while stil 
holding the filter material to the subsoil surface under the force of the block weight. This free flow of water can 
relieve sub-block pressure and has appeared to significantly increase the hydraulic stability of ACB systems 
based on full-scale performance testing conducted since the mid 1990s. 

Drainage layers can be comprised of coarse, uniformly sized granular material, or can be synthetic mats that are 
specifically manufactured to permit flow within the plane of the mat. Granular drainage layers are typically 
comprised of 1- to 2-inch crushed rock in a layer 4 inches or more in thickness. The uniformity of the rock 
provides significant void space for flow of water. Synthetic drainage nets typically range in thickness from 0.25 to 
0.75 inches and are manufactured using stiff nylon fibers or high density polyethylene (HOPE) material. The 
stiffness of the fibers supports the weight of the blocks. thus providing large hydraulic conductivity within the 
plane of the drainage net. 

Many full-scale laboratory performance tests have been conducted with a drainage layer in place. When 
evaluating a block system, for which performance testing was conducted with a drainage layer, a drainage layer 
must also be used in the design. This recommendation is based on the improvement in the hydraulic stability of 
systems that have incorporated a drainage layer in the performance testing. 

1.3.2 Selecting• T.-get Factor of S.f&ty 

The designer must determine what factor of safety should be used for a particular application. Typically, a 
minimum allowable factor of safety of 1.2 is used for revetment (bank protection) when the project hydraulic 
conditions are well known and the installation can be conducted under well-controHed conditions. Higher factors 
of safety are typically used for protection at bridge piers. abutments, and at channel bends due to the complexity 
in computing hydrauNc conditions at these locations. 

The Harris County Flood Control District. Texas (HCFCD 2001) has developed a simple flowchart approach that 
considers the type of application, uncertainty in the hydraulic and hydrologic models used to calculate design 
conditions. and consequences of failure to select an appropriate target factor of safety to use when designing an 
ACB installation. In this approach, the minimum allowable factor of safety is recommended based on the type of 
application (e.g., bank protection, bridge scour protection, dam overtopping, etc). This base value is then 
multiplied by two factors. each greater than 1.0. to account for risk and uncertainty. Figure 8.2 shows the Harris 
County flow chart method for determining the target factor of safety. 

1.3.3 Dalgn Method 
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Factor of Safety Method: The stability of a single block is a function of the applied hydraulic conditions (velocity 
and shear stress), the angle of the inclined surface on which it rests, and the weight and geometry of the block. 
Considering flow along a channel bank as shown in Figure 8 .3, the forces acting on a concrete block are the lift 
force FL. the drag force Fo, and the components of the submerged weight of the block, Ws. both into and along 
the plane of the slope. Block stability is determined by evaluating the moments about the point 0 about which 
rotation can take place. The components of these forces are shown in Figure 8.3. 

The safety factor (SF) for a single block in an ACB matrix is defined as the ratio of restraining moments to 
overturning moments: 

(8.1) SF· l2 VIs a, 
l 1Ws .Ji=if CO;)~+l~F0 coso5+l4 FL +i3 FD cos5+Z4 F[ 

Note that additional lift and drag forces F'L and F'o are included to account for protruding blocks that incur larger 
forces due to impact. The design implications regarding a protruding block are discussed in detail later in this 
section. 

The moment arms 11, 12, 13, and 4 are determined from the block dimensions shown in Figure 8.4. In the general 
case, the pivot point of overturning will be at the downstream comer of the block; therefore, the distance from 
the center of the block to the comer should be used for both 12 and 4. Since the weight vector acts through the 
center of gravity, one half the block height should be used for 11. The drag force acts both on the top surface of 
the block (shear drag) and on the body of the block (form drag). Considering both elements of drag, eight-tenths 
the height of the block is considered a reasonable estimate of t:J. 
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1. Introduction 

1.1 Purpose 

The purpose of this report is to study the onsite drainage characteristics and document the 
design of the project drainage and stormwater Best Management Practices (BMPs) for the 
San Pedro Creek Bridge Replacement Project in Pacifica, CA.  

1.2 Project Description 

The existing Route&1 Highway Bridge (Bridge No. 35&0053) is located in southern Pacifica, 
in the County of San Mateo, Caltrans District 4, MP 40.6/40.9. The bridge is 640&feet south 
of the intersection of State Route 1 with Linda Mar Boulevard and crosses the San Pedro 
Creek approximately 720&feet upstream from the creek outfall at the beach and ocean. The 
existing bridge at this location is below the 100&year flood elevation and has minimal 
clearance above the flows from even moderate storms events. According to the United 
States Army Corps of Engineers (USACE) 1998 analysis the bridge does not have enough 
capacity to freely pass flows from the 10&year storm event.  

The existing Route 1 Bridge at this location is below the 100&year flood elevation and has 
minimal clearance above the flows from even moderate storms events. According to the 
United States Army Corps of Engineers (USACE) 1998 analysis the bridge does not have 
enough capacity to freely pass flows from the 10&year storm event. The existing Route 1 
Bridge and the portion of the creek between the Route 1 Bridge and the San Pedro Avenue 
Bridge restrict the creek flows, which in turn causes flooding of the bridges and the 
surrounding commercial and residential areas during heavy storm conditions. The flooding 
of the surrounding local streets, commercial, and residential areas is a major concern, as is 
flooding of the bridge and highway which makes the San Mateo County Coastal Route 
impassable. 

The USACE constructed Phase I of the separate San Pedro Creek Flood Control Project 
which included work east (upstream) of the Route 1 Bridge. The upstream area is a wetlands 
area approximately 250&feet wide by 1900&feet long where many wetland species exist; some 
of them endangered. This upstream wetlands area also acts as a small detention basin for the 
heavy storms (approximately 45&acre&feet total). The San Pedro Creek Flood Control project 
also included some work downstream west of the Route 1 Bridge; however, work in the 
vicinity of the Route 1 bridge was left incomplete because the Bridge needed to be replaced 
before the widening could occur. 

To provide the level of flood protection envisioned by USACE San Pedro Creek Flood 
Control Project, the area just upstream of and beneath the Route 1 Bridge, continuing 
downstream beneath the San Pedro Bridge, and some of the area and channel west to the 
ocean beach needs to be regraded to allow the full capacity of the creek to be maintained 
through the bridge system (See Appendix A&4 for layout).  This includes the modification of 
the creek profile from approximately 150 feet east of the Route 1 Bridge to the ocean. The 
City of Pacifica has added this creek work to the bridge replacement project.   
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The new bridge will be primarily pre&cast concrete with a cast&in&place topping slab, 
constructed on the same alignment as the existing bridge at the crossing the San Pedro 
Creek. It is 142&feet long, with a single bent at about center span supported on cast&in&steel&
shape piles. The bridge deck is 63&feet wide with a 12’ travel lane and 8’ shoulder in each 
direction, and a 12&foot wide combined pedestrian / Class I bike&way along the north 
bound, east side of the bridge. The new bridge also accommodates a lane drop across the 
bridge in the southbound direction to correct an existing deficient lane drop length. 

The new Route&1 Bridge will have a downward slope of 0.5% south to north, with a cross 
slope that varies due to its location in a super&elevation transition. The roadway 
embankments side slopes will have a maximum of a 2:1 (H:V) slope.  

BMPs were evaluated in the Stormwater Data Report (SWDR) that was prepared and 
approved in the Project Authorization and Environmental Document (PA&ED) Phase of 
this project and revised in the current PS&E Phase. The project presents opportunities for 
the incorporation of BMPs for stormwater treatment in some areas, while other locations are 
constrained by existing conditions that include the nearby Cultural Resource Site (SMA&163) 
and the adjacent wetlands which are habitat for two federally listed endangered species, 
California red&legged frog and Steelhead. 

The highway and adjacent frontage road do not have designed and constructed storm water 
treatment BMPs in their existing condition; though some of the surrounding existing 
features may function as such. The project is adjoined by wetlands on the east and 
eucalyptus forest on the south and west, both of which are environmentally sensitive habitat 
for California Red&legged Frogs. The remaining unpaved surface within the project is being 
utilized for biofiltration strips and swales and for re&vegetation to offset the permanent 
impact to a small amount of wetlands. 

Approximately 59% of the total area tributary to the project site, which includes 0.6 acres of 
new/reworked impervious surface, will drain to the various bio&filtration strips and/or 
swales. All swales have been sized to provide treatment for the water quality flow (WQF) 
and to convey the larger flows in the design storm event.  

Of the remaining tributary area, 29% drains along the historical pattern to adjacent wetlands 
which may act as a form of treatment. The impervious surface within this 29% is reworked 
(raised in elevation) but occupies the same footprint as the existing surface. The last 13% of 
tributary area drains along the historical pattern overland to the existing underground 
municipal storm drain. The impervious surface within this area will occupy the same area as 
the existing highway but will be raised to accommodate the new bridge deck elevation. The 
resulting roadway embankment precludes the construction of BMPs due to conflict with 
existing wetlands and existing development outside of the State Right of Way.   

On the flatter sections of the western side of the highway, on either side of the bridge, bio&
filtration strips will be constructed with bio&filtration swales. The swales will have a slope of 
approximately 0.5&1.5 percent, with the southern swale outfall into the creek and the north 
swale outfall into an existing drain inlet. In areas along the eastern edge, bio&filtration swales 
will be installed. These swales will run along either side of the bridge and will outfall into the 
creek and adjacent wetlands. 
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2. Hydrologic and Hydraulic Analysis 

2.1 Site Drainage 

2.1.1 Pre&Construction Conditions 

Existing formal roadside drainage facilities within the project area are minimal. The road 
currently approaches the bridge from the south at approximately a 7.0&percent down&
gradient before flattening to approximately 0.5&percent across the bridge on the centerline. 
North of the bridge the road falls at about 1.0&percent toward the intersection with Linda 
Mar Boulevard. In the steeper section of the road approaching the bridge from the south, 
runoff sheet flows to the edge of the road and continues down slope through brush and 
trees into the San Pedro Creek flood plain. As the road approaches the bridge and flattens in 
longitudinal slope the runoff sheet flows to a small ditch alongside the eastern edge of the 
road, eventually outfalling to the creek. Due to super&elevation of the roadway at this point, a 
minimal amount of roadway runoff sheet flows off of the western edge of the road. North 
of the bridge the highway is crowned, allowing half the road to drain to the west and half to 
the east. The runoff on the western side of the highway sheets to an existing shallow swale, 
which conveys flows north to an existing drainage inlet. Runoff on the eastern side of the 
road sheet flows across the shoulder to an existing curb, where it collects and flows north 
toward the intersection of Highway 1 and Linda Mar Boulevard. There flow enters a gutter 
and continues east on Linda Mar Boulevard.  See Attachments A and B in Appendix A for 
the plan and profile of the bridge approaches. 

2.1.2 Post&Construction Conditions 

In the proposed condition, the highway will have a similar approach to the bridge from the 
south at nearly 7.0&percent slope which will flatten to 0.3&percent longitudinal slope as it 
nears the bridge approach. The road will have a super&elevation of 12&percent to the east 
through this section. The bridge deck is located in the super&elevation transition with the 
cross slope varying from 6.5&percent to 1.0&percent heading northbound. Leaving the bridge 
northbound, the road will then slope downward from the bridge to the intersection with 
Linda Mar Boulevard where it will match the existing grade.  See Attachments A and B in 
Appendix A for a plan and profile of the bridge approaches. 

The future individual drainage basins are described as follows: 

Basin B1&The drainage along the steeper section of highway south of the bridge will 
continue to follow the historical drainage pattern for this section of the road, sheet flowing 
off the side of the road and down into the San Pedro Creek Flood Plain. There is not 
sufficient room within this drainage basin to construct a stormwater treatment measure 
between the highway and the existing wetland/CA red&legged frog habitat. 

Basin A1 & A small swale (BMP&S1) along the eastern side of the roadway north of the old 
San Pedro Terrace Road intersection will be constructed for runoff from a short length and 
full width of the road. The BMP&S1 will be collected by a new drainage inlet which will 
convey runoff underground to the adjacent San Pedro Creek flood plain. 

Basin A2 – A swale in Basin A2 (BMP S2) is graded to flow north to south, toward the 
southern bridge approach until space constraints terminate the swale will receive runoff 
from the next section of roadway. The BMP&S1 will drain to the same inlet as BMP&2. 



Page 4 of 8 

 

Basin A3 & As the road begins to level out to the 0.3&percent gradient additional room along 
the western edge of the road allows for the insertion of a bio&filtration strip and a second 
swale. The super&elevation of the road directs most of the roadway drainage to the east. The 
bio&filtration strip (BMP&F1) will mostly treat the runoff from the side of the road. The bio&
swale will treat half of San Pedro Avenue (which runs parallel to State Highway Route&1 
through this section) and the area between. This swale (BMP&S3) discharges into San Pedro 
Creek.  

Basin A4 & Runoff from a short distance north of the bridge on the eastern half of the 
highway will flow through a fourth roadside bio&filtration swale (BMP&S4), and on into the 
creek.  

Basin A5 & The highway on the north side of the bridge will be crowned, with half of the 
road draining to the west and the other half draining to the east. Along the western edge of 
the highway a second bio&filtration strip (BMP&F2) will be installed, draining to a fifth bio&
filtration swale (BMP&S5). The swale will also capture runoff from the eastern half of San 
Pedro Avenue and the area between the two roads.  

Basin B2 & The balance of the eastern half of the highway will continue in the historical 
drainage pattern, with water flowing to the edge of the new road where a new drainage inlet 
will collect runoff immediately prior to the new curb ramps being constructed at the 
intersection of Linda Mar Boulevard. There is not sufficient room to construct a stormwater 
treatment measure between the highway and the adjacent fully developed shopping center. 

Basin B3 – The bridge will have a cross&slope to the east across the entire width that varies 
due to it being in the transition section of the roadway super&elevation.  As a result of the 
transition runoff will sheet across the bridge and through scuppers in the bridge rail into the 
creek. In the overflow condition, flows will continue along the bride rail to south.  A new 
drainage inlet at the south end of the bridge will collect and convey runoff underground, 
eventually discharging to the San Pedro Creek flood plain. There is not sufficient room 
within this drainage area to construct a stormwater treatment measure between the highway 
and the wetland/CA red&legged frog habitat. 

2.2 Methodology 

To estimate the runoff created in each drainage basin the rational method was used.  The 
estimated runoff for the 25&year storm event was found for all basins and the estimated 
runoff for the Water Quality Flow (WQF) storm event was found for Basins A1 through A4.  
The swales were sized using Bentley Flowmaster V8i and checked for the 25&year storm 
event capacity, the water quality capacity, the water quality velocity and the water quality 
hydraulic retention time.  Manning’s coefficient of roughness was estimated at 0.05 for the 
25&year flow and 0.24 for the WQF. 

2.3   Runoff Coefficients 

The on&site area consists of paving and roadside landscaping. The runoff coefficient (C) was 
assumed to be 0.90 in the pavement area and 0.30 in the non&paved areas, per Figure 819.2A 
of the Caltrans Highway Design Manual (HDM). The weighted C&Value of each basin was 
multiplied by a frequency factor (Cf) of 1.1 to find the 25&year storm C&Value, per HDM 
Topic 819.2. There is minimal site run&on from off&site areas due to the road being elevated 
above the right&of&way; however, there will be some drainage into the western swales from 
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the adjacent San Pedro Avenue, which provides the opportunity to treat adjacent impervious 
surface that is not a part of the final project.  

2.4  Rainfall Intensity 

Rainfall intensity&duration&frequency (IDF) curves were taken from the City of Pacifica 
Storm Drain Master Plan. The IDF&curve used in this report can be found in Appendix A. 

In estimating the WQF, a rainfall intensity (I) of 0.2 in/hr for Region 2 was used per 
Caltrans Storm Water Quality Handbook Section 2.4.2.2.  

2.5 Time of Concentration 

The time of concentration (Tc) is defined as the time required for storm runoff to flow from 
the most remote point, in flow time, of a drainage area to the point under consideration. In 
this project Tc will include the time it takes for runoff to sheet flow and channel flow. 

A minimum Tc was assumed for this site due to the small catchment areas and short travel 
times. Per the Caltrans Hydraulic Design Manual, a Tc of 5 minutes should be used for all 
paved areas, which is what was assumed for this project. 

2.6 Tributary Area 

The Hydrology Map included in Appendix A shows the estimated tributary area (A). 

2.7 Drainage Results 

All drainage basins were analyzed for their 25&year storm event flow.  The five different 
swales were each analyzed for their capacity of the 25&year storm event.  All eight tributary 
basins were numbered and can be seen on the Hydrology Map in Appendix A. 

Basin A1, which feeds the swale BMP&S1, is 0.17 acres in size and was found to have a 25&
year flow of 0.45 cfs. The swale, with a bottom width of 2&feet, side slopes of 3:1, a depth of 
6&inches, and a minimum slope of 0.013, was found to have a normal depth of 0.18&feet (2.2&
inches). The 25&year storm is contained within the conveyance. 

Basin A2, which feeds the swale BMP&S2, is 0.08 acres in size and was found to have a 25&
year flow of 0.23 cfs. The swale, with a bottom width of 2&feet, side slopes of 3:1, a depth of 
6&inches, and a minimum slope of 0.030, was found to have a normal depth of 0.10&feet (1.2&
inches). The 25&year storm is contained within the swale. 

Basin A3, which feeds the swale BMP&S3, is 0.68 acres in size and was found to have a 25&
year flow of 1.12 cfs. The swale, with a bottom width of 2&feet, side slopes of 3:1, a depth of 
6&inches, and a minimum slope of 0.014, was found to have a normal depth of 0.30&feet (3.6&
inches). The 25&year storm is contained within the conveyance. 

Basin A4, which feeds the swale BMP&S4, is 0.10 acres in size and was found to have a 25&
year flow of 0.28cfs. The swale, with a bottom width of 2&feet, side slopes of 3:1, a depth of 
6&inches, and a minimum slope of 0.005, was found to have a normal depth of 0.19&feet (2.3&
inches). The 25&year storm is contained within the conveyance. 

Basin A5, which feeds the swale BMP&S4, is 1.09 acres in size and was found to have a 25&
year flow of 2.44 cfs. The swale, with a bottom width of 2&feet, side slopes of 3:1, a depth of 
6&inches, and a minimum slope of 0.01, was found to have a normal depth of 0.49&feet (5.9&
inches). The 25&year storm is contained within the conveyance. 
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Basin B1, which drains much of the bridge approach south of the bridge and sheet flows 
into the San Pedro Creek flood plain, was found to have a 25&year flow of 2.63 cfs.  This 
water is filtered as it sheets through the brush and enters the flood plain. 

Basin B2, which drains the eastern half of Route&1 north of the bridge to the intersection 
with Linda Mar Boulevard and enters sn inlet prior to the intersection of Linda Del Mar, was 
found to have a 25&year flow of 1.73 cfs.  This will mimic the present conditions for the 
drainage of this section of Route&1.  After entering the inlet, the storm water is piped to the 
existing inlet in Basin A5, where it enters the existing storm drain system.  The spread at the 
inlet was found to be 5.83&feet with a depth of 0.29&feet.  The shoulder at this point is 8&feet, 
therefore the spread will not encroach on the traveled way in the 25&year storm. 

Basin B3, which drains the runoff from the bridge was found to have a 25&year flow of 1.04 
cfs. 

 

3.  Water Quality 

3.1 Water Quality BMP Selection 

Appropriate Best Management Practice (BMP) storm water quality devices were chosen to 
help clean the runoff and meet State Water Board regulations with the SWDR for this 
project. 

The proposed system reduces the amount of untreated runoff from the current conditions. 
The inclusion of BMP’s with this will improve the quality of the runoff being discharged 
from site from the present conditions. The project also includes treatment of a portion of 
the currently untreated runoff from the adjacent public roadway (San Pedro Avenue). 

3.2 BMP Sizing 

To size each of the BMP’s the WQF was calculated. The WQF was determined using the 
rational method with an intensity of 0.20 in/hr for Region 2, per the Caltrans Storm Water 
Quality Handbook, section 2.4.2.2.  

The design of the biofiltration strips and swales were done in conformance with the design 
guidelines from the Caltrans Storm Water Quality Handbook. The bio&filtration strip must 
meet the following criteria: 

• Bio&filtration strip length = 15&feet min; 150&feet max 

• Side slopes = 4H:1V max 

• Vegetative coverage = 70% max 

The bio&filtration strips in this project were designed at 25&feet in length and had maximum 
slopes of 4&horizontal to 1&vertical. Per the Caltrans Bio&filtration Strip Design Guideline, 
verification of the depth of flow or velocity is not needed if the Design Criteria is used. 

The bio&filtration swales in this project were sized using the following criteria: 

• Side slopes = 3H:1V max; 4H:1V ideal 

• Longitudinal slope = 0.25% min; 1%&2% preferred; 6% max 
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• Hydraulic residence time (HRT) = 5 minutes min 

• Bottom width = 0&feet min as v&ditch; 2&feet min as trapezoid 

• Flow depth during WQF = 6&inches max 

• Interrelationship formula for HRT, depth and velocity ≥ 1300 sec2/ft2 

Each bio&filtration swale was checked using the WQF for the depth of flow, the time of flow 
and the interrelationship formula to make sure that it met all water quality requirements. 
Calculations performed using Manning’s Equation in Bentley Flowmaster V8i. Manning’s 
coefficient of roughness was assumed to be 0.24 for the WQF, per Caltrans Storm Water 
Quality Handbooks: Project Planning and Design and the Caltrans Storm Water Quality 
Handbook Bioflitration Swale Design Guidance. Calculations and results can be found in 
Appendix C. 

In addition to the checks made with the Caltrans design guidelines, the design WQF were 
checked for their compliance with section C.3.c.2(b)(vi) of the Municipal Regional 
Stormwater NPDES Permit (R2&2009&0074). For this check, the loading rate capacity of the 
swales was compared to the WQF calculated in the Caltrans check. The capacity of the 
swales was computed by taking the total area of the swale and multiplying by the minimum 
infiltration rate of 5 in/hr and then by a conversion factor to get the capacity in cfs. This 
summary can be found at the end of Appendix C. 

The swale BMP&S1 for Tributary A1 was found to have a WQF of 0.02 cfs, a natural depth 
of 1.0&inches, an HRT of 18&minutes, and an interrelationship formula of 112,500 sec2/ft2. 
All requirements for water quality purposes are met. 

The swale BMP&S2 for Tributary A2 was found to have a WQF of 0.01 cfs, a natural depth 
of 0.5&inches, an HRT of 8&minutes, and an interrelationship formula of 92,307 sec2/ft2. All 
requirements for water quality purposes are met. 

The swale BMP&S3 for Tributary A3 was found to have a WQF of 0.06 cfs, a natural depth 
of 1.7&inches, an HRT of 32&minutes, and an interrelationship formula of 80,672 sec2/ft2. All 
requirements for water quality purposes are met. 

The swale BMP&S4 for Tributary A4 was found to have a WQF of 0.01 cfs, a natural depth 
of 1.00&inches, an HRT of 13&minutes, and an interrelationship formula of 139,285 sec2/ft2. 
All requirements for water quality purposes are met. 

The swale BMP&S5 for Tributary A5 was found to have a WQF of 0.13 cfs, a natural depth 
of 2.9&inches, an HRT of 31&minutes, and an interrelationship formula of 40,789 sec2/ft2. All 
requirements for water quality purposes are met. 

Caltrans oversight review of this report submitted with the 65% design included a comment 
that the foregoing calculations do not necessarily indicate water quality feature perfomance is 
consistent with the requirements of the Regional Water Quality Control Board (RWQCB). 
We concur and have included calculations at the end of Appendix C which so that these 
water quality features do indeed meet the sizing criteria (based on the 4% Rule) needed for 
RWQCB approval. 
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4.  Conclusion 

Caltrans requires that all highways drain adequately to safeguard the general public and have 
released guidelines to achieve that. The drainage facilities incorporated into this project do 
meet these requirements. The swales have been designed to safely contain a 25&year storm 
events runoff.  

BMP’s have been incorporated into the plans to ensure adequate water quality as needed by 
the standards set forth by Caltrans and by the NPDES permit. The BMP’s are natural and 
will blend into the surrounding area. The quality of the discharge leaving the site will be an 
improvement on the quality of the discharge currently leaving the site. 
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Basemap: TOPOl Map, National Geographic, 2004 
Map by TRA, July 2009 
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1. 25�Year Hydrology Calculations 
 

Tributary A1 

 

Per the Rational Method: 

 

Q25 = C25 x I25 x AA1 

 

    where: 

  

 C25 = 25�Year Runoff Coefficient = C x Cf 

 

 where: 

 

   C = Runoff Coefficient =[ (Croad)x(Aroad) + (Cland)x(Aland)] / (Atotal) 

   

      = [(0.90) x (0.11 ac) + (0.30) x (0.06 ac)] / (0.17 ac) 

 

   � C = 0.69 

 

  Cf = Frequency Factor = 1.1 for a 25�Year Storm 

 

 C25 = (0.69) x (1.1) 

 

  � C25 = 0.76 

 

 I25 = 25�Year Rainfall Intensity Factor = 3.5 in/hr for 5 minute duration storm 

 

 AA1 = Area of Tributary A1 = 0.17 acres 

 

 Q25 = (0.76) x (3.5 in/hr) x (0.17 ac) 

 

 � Q25 = 0.45 cfs 
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Tributary A2 

 

Per the Rational Method: 

 

Q25 = C25 x I25 x AA1 

 

    where: 

  

 C25 = 25�Year Runoff Coefficient = C x Cf 

 

 where: 

 

   C = Runoff Coefficient =[ (Croad)x(Aroad) + (Cland)x(Aland)] / (Atotal) 

   

      = [(0.90) x (0.06 ac) + (0.30) x (0.02 ac)] / (0.08 ac) 

 

   � C = 0.75 

 

  Cf = Frequency Factor = 1.1 for a 25�Year Storm 

 

 C25 = (0.75) x (1.1) 

 

  � C25 = 0.83 

 

 I25 = 25�Year Rainfall Intensity Factor = 3.5 in/hr for 5 minute duration storm 

 

 AA1 = Area of Tributary A1 = 0.08 acres 

 

 Q25 = (0.83) x (3.5 in/hr) x (0.08 ac) 

 

 � Q25 = 0.23 cfs 
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Tributary A3 

 

Per the Rational Method: 

 

Q25 = C25 x I25 x AA2 

 

    where: 

  

 C25 = 25�Year Runoff Coefficient = C x Cf 

 

 where: 

 

   C = Runoff Coefficient =[ (Croad)x(Aroad) + (Cland)x(Aland)] / (Atotal) 

   

      = [(0.90) x (0.15 ac) + (0.30) x (0.53 ac)] / (0.68 ac) 

 

   � C = 0.43 

 

  Cf = Frequency Factor = 1.1 for a 25�Year Storm 

 

 C25 = (0.43) x (1.1) 

 

  � C25 = 0.47 

 

 I25 = 25�Year Rainfall Intensity Factor = 3.5 in/hr for 5 minute duration storm 

 

 AA2 = Area of Tributary A2 = 0.68 acres 

 

 Q25 = (0.47) x (3.5 in/hr) x (0.68 ac) 

 

 � Q25 = 1.12 cfs 
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Tributary A4 

 

Per the Rational Method: 

 

Q25 = C25 x I25 x AA3 

 

    where: 

  

 C25 = 25�Year Runoff Coefficient = C x Cf 

 

 where: 

 

   C = Runoff Coefficient =[ (Croad)x(Aroad) + (Cland)x(Aland)] / (Atotal) 

   

      = [(0.90) x (0.07 ac) + (0.30) x (0.03 ac)] / (0.10 ac) 

 

   � C = 0.72 

 

  Cf = Frequency Factor = 1.1 for a 25�Year Storm 

 

 C25 = (0.72) x (1.1) 

 

  � C25 = 0.79 

 

 I25 = 25�Year Rainfall Intensity Factor = 3.5 in/hr for 5 minute duration storm 

 

 AA3 = Area of Tributary A3 = 0.10 acres 

 

 Q25 = (0.79) x (3.5 in/hr) x (0.10 ac) 

 

 � Q25 = 0.28 cfs 
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Tributary A5 

 

Per the Rational Method: 

 

Q25 = C25 x I25 x AA4 

 

    where: 

  

 C25 = 25�Year Runoff Coefficient = C x Cf 

 

 where: 

 

   C = Runoff Coefficient =[ (Croad)x(Aroad) + (Cland)x(Aland)] / (Atotal) 

   

      = [(0.90) x (0.52 ac) + (0.30) x (0.57 ac)] / (1.09 ac) 

 

   � C = 0.59 

 

  Cf = Frequency Factor = 1.1 for a 25�Year Storm 

 

 C25 = (0.59) x (1.1) 

 

  � C25 = 0.64 

 

 I25 = 25�Year Rainfall Intensity Factor = 3.5 in/hr for 5 minute duration storm 

 

 AA4 = Area of Tributary A4 = 1.09 acres 

 

 Q25 = (0.64) x (3.5 in/hr) x (1.09 ac) 

 

 � Q25 = 2.44 cfs 

 



Page B6 of 11 
 

Tributary B1 

 

Per the Rational Method: 

 

Q25 = C25 x I25 x AB1 

 

    where: 

  

 C25 = 25�Year Runoff Coefficient = C x Cf ≤ 1.0 

 

 where: 

 

   C = Runoff Coefficient = 0.95 

 

 

  Cf = Frequency Factor = 1.1 for a 25�Year Storm 

 

 C25 = (0.90) x (1.1) 

 

  � C25 = 0.99 

 

 I25 = 25�Year Rainfall Intensity Factor = 3.5 in/hr for 5 minute duration storm 

 

 AB1 = Area of Tributary B1 = 0.76 acres 

 

 Q25 = (0.99) x (3.5 in/hr) x (0.76 ac) 

 

 � Q25 = 2.63 cfs 
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Tributary B2 

 

Per the Rational Method: 

 

Q25 = C25 x I25 x AB2 

 

    where: 

  

 C25 = 25�Year Runoff Coefficient = C x Cf ≤ 1.0 

 

 where: 

 

   C = Runoff Coefficient = 0.95 

 

 

  Cf = Frequency Factor = 1.1 for a 25�Year Storm 

 

 C25 = (0.90) x (1.1) 

 

  � C25 = 0.99 

 

 I25 = 25�Year Rainfall Intensity Factor = 3.5 in/hr for 5 minute duration storm 

 

 AB2 = Area of Tributary B2 = 0.50 acres 

 

 Q25 = (0.99) x (3.5 in/hr) x (0.50 ac) 

 

 � Q25 = 1.73 cfs 
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Tributary B3 

 

Per the Rational Method: 

 

Q25 = C25 x I25 x AB3 

 

    where: 

  

 C25 = 25�Year Runoff Coefficient = C x Cf ≤ 1.0 

 

 where: 

 

   C = Runoff Coefficient = 0.95 

 

 

  Cf = Frequency Factor = 1.1 for a 25�Year Storm 

 

 C25 = (0.95) x (1.1) 

 

  � C25 = 0.99 

 

 I25 = 25�Year Rainfall Intensity Factor = 3.5 in/hr for 5 minute duration storm 

 

 AB3 = Area of Tributary B3 = 0.30 acres 

 

 Q25 = (0.99) x (3.5 in/hr) x (0.30 ac) 

 

 � Q25 = 1.04 cfs 
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2. Water Quality Flow (WQF) Calculations 
 

Tributary A1 

 

Per the Rational Method: 

 

WQF = C x IWQF x AA1 

 

    where: 

  

 C = Runoff Coefficient 

 

       = [(0.90) x (0.12 ac) + (0.30) x (0.07 ac)] / (0.17 ac) 

 

   � C = 0.69 

 

 IWQF = WQF Rainfall Intensity Factor = 0.20 in/hr for Caltrans Region 2 

 

 AA1 = Area of Tributary A1 = 0.17 acres 

 

 WQF = (0.69) x (0.20 in/hr) x (0.17 ac) 

 

 � WQF = 0.02 cfs 

 

Tributary A2 

 

Per the Rational Method: 

 

WQF = C x IWQF x AA1 

 

    where: 

  

 C = Runoff Coefficient 

 

       = [(0.90) x (0.06 ac) + (0.30) x (0.02 ac)] / (0.08 ac) 

 

   � C = 0.75 

 

 IWQF = WQF Rainfall Intensity Factor = 0.20 in/hr for Caltrans Region 2 

 

 AA1 = Area of Tributary A1 = 0.08 acres 

 

WQF = (0.69) x (0.20 in/hr) x (0.17 ac) 

 

 � WQF = 0.01 cfs 
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Tributary A3 

 

Per the Rational Method: 

 

WQF = C x IWQF x AA2 

 

    where: 

  

 C = Runoff Coefficient 

 

       = [(0.90) x (0.15 ac) + (0.30) x (0.53 ac)] / (0.68 ac) 

 

   � C = 0.43 

 

 IWQF = WQF Rainfall Intensity Factor = 0.20 in/hr for Caltrans Region 2 

 

 AA2 = Area of Tributary A2 = 0.68 acres 

 

 WQF = (0.43) x (0.20 in/hr) x (0.68 ac) 

 

 � WQF = 0.06 cfs 

 

Tributary A4 

 

Per the Rational Method: 

 

WQF = C x IWQF x AA3 

 

    where: 

  

 C = Runoff Coefficient 

 

       = [(0.90) x (0.07 ac) + (0.30) x (0.03 ac)] / (0.10 ac) 

 

   � C = 0.72 

 

 IWQF = WQF Rainfall Intensity Factor = 0.20 in/hr for Caltrans Region 2 

 

 AA3 = Area of Tributary A3 = 0.10 acres 

 

WQF = (0.72) x (0.20 in/hr) x (0.10 ac) 

 

 � WQF = 0.01 cfs 
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Tributary A5 

 

Per the Rational Method: 

 

WQF = C x IWQF x AA4 

 

    where: 

  

 C = Runoff Coefficient 

 

       = [(0.90) x (0.52 ac) + (0.30) x (0.57 ac)] / (1.09 ac) 

 

   � C = 0.59 

 

 IWQF = WQF Rainfall Intensity Factor = 0.20 in/hr for Caltrans Region 2 

 

 AA4 = Area of Tributary A4 = 1.09 acres 

 

 WQF = (0.59) x (0.20 in/hr) x (1.09 ac) 

 

 � WQF = 0.13 cfs 

 



 

 

 

Appendix   C 

 

Storm Water Quality  

Calculations 
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1. Storm Water Quality Calculations 

 
Swale � Tributary A1 

 

A. Find the Flow Depth: 

 

Plugging into Manning’s equation in Flowmaster V8.1, find: 

 

 dWQF = 0.08�feet = 1.0�inches 

 

B. Determine Hydraulic Residence Time (HRT): 

 

Per the Caltrans Storm Water Quality Handbook Bioflitration Swale Design 

Guidance: 

 

  HRT = LS1 /(60 x VWQF) 

 

 where: 

 

   LS1 = Length of the Bioswale = 126�feet 

 

   60 = Conversion Factor from Minutes to Seconds 

 

  VWQF = Velocity of Flow in Bioswale, found in Flowmaster = 0.12 f/s 

   

  HRT = (126 ft) / (60 x 0.12 f/s) 

 

   � HRT = 18 minutes 

 

C. Check Interrelationship Formula during WQF: 

 

Per the Caltrans Storm Water Quality Handbook Bioflitration Swale Design 

Guidance: 

 

  (HRT x 60) / (dWQF x VWQF) ≥ C 

 

 where: 

 

   C = constant 1300 sec
2
/ft

2 

   

        � (18 min x 60) / (0.08 ft x 0.12 f/s) = 112,500 > C  

 

   �GOOD 
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Swale � Tributary A2 

 

A. Find the Flow Depth: 

 

Plugging into Manning’s equation in Flowmaster V8.1, find: 

 

 dWQF = 0.04�feet 

 

B. Determine Hydraulic Residence Time (HRT): 

 

Per the Caltrans Storm Water Quality Handbook Bioflitration Swale Design 

Guidance: 

 

  HRT = LS2 /(60 x VWQF) 

 

 where: 

 

   LS2 = Length of the Bioswale = 61�feet 

 

   60 = Conversion Factor from Minutes to Seconds 

 

  VWQF = Velocity of Flow in Bioswale, found in Flowmaster = 0.13 f/s 

   

  HRT = (61 ft) / (60 x 0.13 f/s) 

 

   � HRT = 8 minutes 

 

C. Check Interrelationship Formula during WQF: 

 

Per the Caltrans Storm Water Quality Handbook Bioflitration Swale Design 

Guidance: 

 

  (HRT x 60) / (dWQF x VWQF) ≥ C 

 

 where: 

 

   C = constant 1300 sec
2
/ft

2 

   

        � (8 min x 60) / (0.04 ft x 0.13 f/s) = 92,307 > C  

 

   �GOOD 
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Swale � Tributary A3 

 

A. Find the Flow Depth: 

 

Plugging into Manning’s equation in Flowmaster V8.1, find: 

 

 dWQF = 0.14�feet 

 

B. Determine Hydraulic Residence Time (HRT): 

 

Per the Caltrans Storm Water Quality Handbook Bioflitration Swale Design 

Guidance: 

 

  HRT = LS3 /(60 x VWQF) 

 

 where: 

 

   LS3 = Length of the Bioswale = 330�feet 

 

   60 = Conversion Factor from Minutes to Seconds 

 

  VWQF = Velocity of Flow in Bioswale, found in Flowmaster = 0.17 f/s 

   

  HRT = (330 ft) / (60 x 0.17 f/s) 

 

   � HRT = 32 minutes 

 

C. Check Interrelationship Formula during WQF: 

 

Per the Caltrans Storm Water Quality Handbook Bioflitration Swale Design 

Guidance: 

 

  (HRT x 60) / (dWQF x VWQF) ≥ C 

 

 where: 

 

   C = constant 1300 sec
2
/ft

2 

   

        � (32 min x 60) / (0.14 ft x 0.17 f/s) = 80,672 > C  

 

   �GOOD 
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Swale � Tributary A4 

 

A. Find the Flow Depth: 

 

Plugging into Manning’s equation in Flowmaster V8.1, find: 

 

 dWQF = 0.08�feet 

 

B. Determine Hydraulic Residence Time (HRT): 

 

Per the Caltrans Storm Water Quality Handbook Bioflitration Swale Design 

Guidance: 

 

  HRT = LS4 /(60 x VWQF) 

 

 where: 

 

   LS4 = Length of the Bioswale = 54�feet 

 

   60 = Conversion Factor from Minutes to Seconds 

 

  VWQF = Velocity of Flow in Bioswale, found in Flowmaster = 0.07 f/s 

   

  HRT = (54 ft) / (60 x 0.07 f/s) 

 

   � HRT = 13 minutes 

 

C. Check Interrelationship Formula during WQF: 

 

Per the Caltrans Storm Water Quality Handbook Bioflitration Swale Design 

Guidance: 

 

  (HRT x 60) / (dWQF x VWQF) ≥ C 

 

 where: 

 

   C = constant 1300 sec
2
/ft

2 

   

        � (13 min x 60) / (0.08 ft x 0.07 f/s) = 139,285 > C  

 

   �GOOD 
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Swale � Tributary A5 

 

A. Find the Flow Depth: 

 

Plugging into Manning’s equation in Flowmaster V8.1, find: 

 

 dWQF = 0.24�feet 

 

B. Determine Hydraulic Residence Time (HRT): 

 

Per the Caltrans Storm Water Quality Handbook Bioflitration Swale Design 

Guidance: 

 

  HRT = LS5 /(60 x VWQF) 

 

 where: 

 

   LS5 = Length of the Bioswale = 357�feet 

 

   60 = Conversion Factor from Minutes to Seconds 

 

  VWQF = Velocity of Flow in Bioswale, found in Flowmaster = 0.19 f/s 

   

  HRT = (357 ft) / (60 x 0.19 f/s) 

 

   � HRT = 31 minutes 

 

C. Check Interrelationship Formula during WQF: 

 

Per the Caltrans Storm Water Quality Handbook Bioflitration Swale Design 

Guidance: 

 

  (HRT x 60) / (dWQF x VWQF) ≥ C 

 

 where: 

 

   C = constant 1300 sec
2
/ft

2 

   

        � (31 min x 60) / (0.24 ft x 0.19 f/s) = 40,789 > C  

 

   �GOOD 
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2. BMP Results Summary 
 

BMP A1 (Biofiltration Swale) 

 

Total Design Flow 

 

Swale Width 

 

Swale Length 

 

Side Slopes 

 

0.02 cfs 

 

5 ft 

 

126 ft 

 

3:1 

Flow Depth 

 

Linear Slope 

1.0 in 

 

0.013 

 

Flow Residence Time                       18 min 

 

 

BMP A2 (Biofiltration Swale) 

 

Total Design Flow 

 

Swale Width 

 

Swale Length 

 

Side Slopes 

 

0.01 cfs 

 

5 ft 

 

61 ft 

 

3:1 

Flow Depth 

 

Linear Slope 

0.5 in 

 

0.030 

 

Flow Residence Time                       8 min 
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BMP A3 (Biofiltration Swale) 

 

Total Design Flow 

 

Swale Width 

 

Swale Length 

 

Side Slopes 

 

0.06 cfs 

 

5 ft 

 

330 ft 

 

3:1 

Flow Depth 

 

Linear Slope 

1.7 in 

 

0.014 

 

Flow Residence Time  

 

 

32 min

 

 

BMP A4 (Biofiltration Swale) 

 

Total Design Flow 

 

Swale Width 

 

Swale Length 

 

Side Slopes 

 

0.01 cfs 

 

5 ft 

 

80 ft 

 

3:1 

Flow Depth 

 

Linear Slope 

1.0 in 

 

0.005 

 

Flow Residence Time  

 

 

13 min
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BMP A5 (Biofiltration Swale) 

 

Total Design Flow 

 

Swale Width 

 

Swale Length 

 

Side Slopes 

 

0.13 cfs 

 

5 ft 

 

357 ft 

 

3:1 

Flow Depth 

 

Linear Slope 

2.9 in 

 

0.01 

 

Flow Residence Time  

 

 

31 min
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3. NPDES load capacity check 
Required swale area based on 4% of impervious area 

Treatment capacity is based on 5 in/hr infiltration rate for treatment swale. Infiltration 

rate converted to ft/sec for comparison. 

 

Treatment 

Area 

Treatment 

BMP 

Impervious 

Area (ft
2
) 

Req'd 

Swale 

Area 

(ft
2
) 

Swale 

Area 

(ft
2
) 

Treatment 

Capacity 

(cfs) 

Water 

Quality 

Flow 

(cfs) 

Check 

A1 S1 4,790 192 630 0.07 0.02 OK 

A2 S2 2,610 104 305 0.03 0.01 OK 

A3 S3 6,530 261 1,605 0.19 0.06 OK 

A4 S4 3,050 122 270 0.03 0.01 OK 

A5 S5 22,215 889 1,785 0.21 0.13 OK 
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