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"NOTICE OF DETERMINATION" 

The Department will file a Notice of Determination for your project. The Notice 
will be filed with the Office of Planning and Research, as required by CEQA. The 
Department's compliance with CEQA may be legally challenged for 35 days following 
the filing of the Notice of Determination. 

This completes the Department's agreement process. You may proceed with 
your project according to the terms and provisions of your Streambed Alteration 
Agreement if you have obtained all other permits required from local, other State, and 
Federal agencies. 

Consemn.  California 's 'M/i&&fe Since 1870 



Notification No. 1600-2009-001 6-R2 

AGREEMENT REGARDING PROPOSED STREAM ALTERATION 

THIS AGREEMENT, entered into between the State of California, Department of Fish and 
Game, hereinafter called DFG, and California Department of Transportation of Marysville, State of 
California, hereafter called Caltrans, is as follows: 

WHEREAS, pursuant to California Fish and Game Code, Section 1602, Caltrans, on January 
26, 2009, notified DFG that it intends to substantially divert or obstruct the natural flow of, or 
substantially change the bed, channel, or bank of, or use material from the streambed of, the 
following water: Feather River - Nelson Slough, in the County of Sutter, State of California, Section 
(nosections), Township 12N, Range 3E, USGS Map Nicolaus MDB&M. 

WHEREAS, DFG, represented by Gary Hobgood, has determined that such operations may 
substantially adversely affect existing fish and wildlife resources including: giant garter snake 
(Thamnophis couchi gigas); Swainson's hawk (Buteo swainsono; Sacramento River winter-run 
Chinook salmon (Oncorhynchus tshawytscha); Central Valley spring-run Chinook salmon (0. 
tshawytscha); fall-/late fall-run Chinook salmon (0. tshawytscha); Central Valley steelhead (0. 
mykiss); green sturgeon (Acipenser medirostris), warm water fish species, amphibians, and other 
aquatic and terrestrial plant and wildlife species. 

Project Description: State Route 99 Safety and Operational Improvement Project Segment 2 - 
Feather River Bridge Project. 

Beginning the fall of 2009, Caltrans will begin construction of a new Feather River Bridge. The new 
bridge will be parallel to the existing bridge and will extend from levee to levee like the existing bridge. 
The new bridge will consist of 16 piers and 2 abutments. Each pier is made up of two seven and 
one-half foot diameter cast in steel shell piles (CISS piles). The piles will be driven with a large 
hammer like a D-100. The dirt will be removed from within the shell and the shell will then be filled 
with a steel structure and concrete. In addition to the piles for the bridge, the contractor will also be 
driving smaller piles (20"-24 or "H" piles) for the trestle and an additional four piles (approx 24 )  to 
support the temporary falsework. There will be 2 temporary bents in between each pier to support 
the bridge deck during construction. 

Within the live channel of the Feather River there will be four piers (2 CISS piles each for a total of 8 
CISS piles). The trestle is expected to require 52 (20"-24 or " H  piles) in order to span the Feather 
River. The temporary bents will result in an additional 72 (20"-24" piles) driven within the channel. 
All trestle and bent piles will be removed following construction. 

Caltrans is proposing to drive the piles and build the bridge deck (outside of the active Feather River 
channel, piers 9-1 5) during the winter months (October 15 thru May 1). This area is technically 
floodplain because it is within the levees. The area was inundated during the 1997 flood event. 
During a typical year, this area is not inundated, as the Feather River does not exceed it's banks. 
Caltrans is proposing to have the contractor put together a "Flood Evacuation Plan". This plan would 
have to be approved by DFG and other interested parties (i.e. RWQCB) prior to any work outside of 
the standard window. This plan would have to be approved by Caltrans on an annual basis. The 
flood evacuation plan would detail who needs to be contacted (including but not limited DWR, DFG, 
RWQCB) when that needs to occur, what equipment and materials are expected to be in the 
floodplain and how the contractor will remove that equipment and material with short notice (24 hr.). 

Stream Zone Defined: The stream zone is that portion of the stream channel that restricts lateral 



Notification Number 1600-2009-001 6-R2 
Feather River & Nelson Slough - State Route 99 Bridge Project 
Page 2 

movement of water. For this project, the stream zone is delineated as the area on the water side of 
the water side hinge-point of the levee. 

The notification, together with all supporting documents submitted with the notification, 
including the Project Plans for Construction on State Highway in Sutter County near 
Nicolaus from Power Line Road from Power Line Road to 0.1 mile south of Laurel 
Avenue dated December 19, 2008, Feather River Bridge Project - Evaluation of 
Underwater Noise from Pile Driving Activities DRAFT dated January 27, 2009, State 
Route 99 Safety and Operational lmprovement Project - Final Environmental Impact 
ReportlEnvironmental Assessment And Section 4(F) Evaluation - State Route 99 in 
Sutter County, California dated November 2003, Biological Assessment - State Route 99 
Safety and Operational Improvement Project dated February 4,2009 (including the 
revision of Chapter 9 of the Biological Assessment - State Route 99 Safety and 
Operational lmprovement Project dated March 24, 2009), and the Caltrans Revegetation - 
State Route 99 Safety and Operational lmprovement Project dated March 18, 2009 are 
hereby incorporated into this agreement to describe the location and features of the proposed 
project. Caltrans agrees that all work shall be done as described in the notification and 
supporting documents, incorporating all project modifications, wildlife resource protection 
features, mitigation measures, and provisions as described in this agreement. Where 
apparent conflicts exist between the notification and the provisions listed in this agreement, 
Caltrans shall comply with the provisions listed in this agreement. Caltrans further agrees to 
notify DFG of any modifications made to the project plans submitted to DFG. At the discretion 
of DFG, this agreement will be amended to accommodate modifications to the project plans 
submitted to DFG andlor new project activities. Please see the current fee schedule to 
determine the appropriate amendment fee. 

Documents, plans, surveys, notifications, and requests pertaining to this project or required by 
this agreement may be sent via email to Gary Hobgood at ghobaood@dfa.ca.crov or delivered 
to DFG of Fish and Game at 1701 Nimbus Road, Suite A, Rancho Cordova, CA 95670. Refer 
to Notification Number 1600-2009-0016-R2 when submitting documents to DFG. 

3. Unless otherwise specified in this agreement, the time period for completing the work within 
the stream zone of the Feather River & Nelson Slough shall be restricted to dry weather and 
shall be confined to the period of May 1 to October 1. Work periods for pile driving and tree 
removal are listed below. Construction activities shall be timed with awareness of precipitation 
forecasts and likely increases in stream flow. Construction activities within the stream zone 
shall cease until all reasonable erosion control measures, inside and outside of the stream 
zone, have been implemented prior to all storm events. Revegetation, restoration and erosion 
control work is not confined to this time period. 

4. If Caltrans finds more time is needed to complete the authorized activity, Caltrans shall submit 
a written request for a work period time extension to DFG. The work period extension request 
shall provide the following information: 1) Describe the extent of work already completed; 2) 
Provide specific detail of the activities that remain to be completed within the stream zone; and 
3) Detail the actual time required to complete each of the remaining activities within the stream 
zone. The work period extension request should consider the effects of increased stream 
conditions, rain delays, increased erosion control measures, limited access due to saturated 
soil conditions, and limited growth of erosion control grasses due to cool weather. 
Photographs of 'the work completed and the proposed work areas are helpful in assisting DFG 
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in its evaluation. Time extensions are issued at the discretion of DFG. DFG will review the 
written request to work beyond the established work period. DFG will have ten calendar days 
to approve the proposed work period extension. DFG reserves the right to require additional 
measures designed to protect natural resources. 

Caltrans is responsible for obtaining all required permits and authorizations from local, state 
and federal agencies, include Incidental Take Permits and Consistency Determinations. 
Caltrans shall notify DFG where conflicts exist between the provisions of this agreement and 
those imposed by other regulatory agencies. Unless otherwise notified, Caltrans shall comply 
with the provision that offers the greatest protection to water quality, species of special 
concern and/or critical habitat. 

6. The contractor shall sign Applicant's copy of this agreement prior to working within the stream 
zone. A copy of this agreement and a copy of the original notification, including the project 
description, as submitted to DFG, must be available upon request at the work site. The 
contractor or a designated crew supervisor shall be on site the entire time a work crew is 
working near the stream zone. The supervisor shall be completely familiar with the terms and 
conditions of this agreement and shall ensure compliance with all terms and conditions. DFG 
reserves the right to inspect the project site to ensure that there is compliance with the 
terms/conditions of this Agreement. 

For each construction season, Caltrans shall notify DFG within two working days of beginning 
work within the stream zone of the Feather River and Nelson Slough. At the closes of each 
construction season, Caltrans shall provide DFG a summary to the work completed during the 
construction season that just ended and a summary of the work planned for the subsequent 
construction season. Upon completion of the project activities described in this agreement, 
the work area within the stream zone shall be digitally photographed. Photographs shall be 
submitted to DFG within two days of completion. Photographs and project commencement 
notification shall be submitted as instructed in item number 2 above. 

Pile Driving Conditions: 

A. Prior to the start of construction, the contractor shall prepare a bridge construction plan. 
The plan would include a schedule of work and a methodology of implementation of all 
avoidance and minimization measures. The plan will also outline a Contingency Plan 
(Plan B) which is a work stoppage plan if the acoustical monitoring results demonstrate 
an exeedance of the 206 dBpeak for pile driving of piers 3,4,5,6,7 & 8. The primary 
measure of Plan B will be to identify primary contacts at DFG and NOAA fisheries and 
to determine a course of action to continue pile driving and minimize take of listed fish 
species. The bridge construction plan must be approved by the Caltrans RE, DFG and 
NOAA fisheries. The bridge construction plan shall be submitted as instructed in item 
number 2 above. 

B. Pile driving for the 7.5' diameter ClSS piles that make up piers 3,4,5,6,7 & 8 will be 
limited to July 15 thru October 1. 

C .  Caltrans will have in-water acoustical monitoring in place during the pile driving of the 
ClSS piles that make up piers 3,4,5,6,7 & 8. If the construction activity results in an 
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exceedance of the 206 dBpeakr the monitor will notify the RE and the contractor will stop 
driving piles at those piers and implement Plan B of the bridge construction plan. 

D. An attenuation casing with a confined bubble curtain will be used for all in-water piles 
(piers 4,5,6 & 7). 

E. An attenuation casing must be used for all in-water temporary (equal to or greater than 
2 4  diameter) bent piles and trestle piles that are driven between June 15 and July 14. 
From July 15 to October 1 the temporary bent piles and trestle piles will not require an 
attenuation casing. 

F. Pile driving will be limited to daylight hours to avoid crepuscular and nocturnal migration 
periods. 

9. Other than work within the ClSS piles, excavation within the flowing portion of the Feather 
River or Nelson Slough is not allowed without written authorization from DFG. 

10. It is unlawful to take, possess, or needlessly destroy the nest or eggs of any bird except as 
otherwise provided by the Fish and Game Code. No trees that contain active nests of birds 
shall be disturbed until all eggs have hatched and young birds have fledged without prior 
consultation and approval of a Department representative. It is recommended that the trees 
that are identified for removal, be removed during the non-nesting (between September 1 and 
February 15). If this is not possible and project construction is to begin during the nesting 
season (February I 6  -August 30), all suitable nesting habitat within 500 ft of the limits of work 
shall be surveyed by a qualified biologist prior to initiating construction-related activities. 
Surveys will be conducted no more than 14 days prior to the start of work. If an active nest is 
discovered, a 300 foot buffer shall be established around the nest tree and delineated using 
orange construction fence or equivalent. The buffer shall be maintained in place until the end 
of the breeding season or until the young have fledged, as determined by a qualified biologist. 
In some instances, DFG may approve decreasing the specified buffers with implementation of 

other avoidance and minimization measures (e.g., having a qualified biologist on-site during 
construction activities during the nesting season to monitor nesting activity). If no nesting is 
discovered, construction can begin as planned. The survey results shall be provided to DFG 
prior to removing any trees. The survey shall be submitted to DFG as instructed in item 
number 2 above. Construction beginning during the non-nesting season and continuing into 
the nesting season shall not be subject to these measures. 

11. Caltrans will minimize loss of riparian and other streamside vegetation through the use of 
Environmentally Sensitive Areas (ESA) which are demarcated on the plans and marked in the 
field with signs andlor fencing. Willows within 50 feet of the edge of the Feather River will be 
trimmed to ground level. Only those that are in the foot print of a bridge pile or temporary 
falsework pile will be removed. 

12. Caltrans will prepare and have approved by NOAA fisheries and DFG a riparian restoration 
plan. This plan will include restoration of areas impacted by the proposed project, as well as 
areas that have been disturbed from previous activities or events. Areas restored from 
previous activities or events will be used as compensation for the permanent loss of riparian 
habitat due to the new bridge. The Caltrans Revegetation - State Route 99 Safety and 
Operational Improvement Project dated March 18, 2009 has been approved by DFG. 
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Modifications to the revegetation plan shall require review and approval from DFG. 

13. Any riparian vegetation removal within 250 feet of the Feather River, that cannot be restored 
onsite, must be mitigated offsite at a ratio of 3:l. Caltrans is proposing the Beach Lake 
Mitigation bank for this compensation 

14. Disturbance or removal of vegetation shall not exceed the minimum necessary to complete 
operations. Except for the trees specifically identified for removal in the notification, no native 
trees with a trunk diameter at breast height (DBH) in excess of four (4) inches shall be 
removed or damaged without prior consultation and approval of a Department representative. 
Using hand tools (clippers, chain saw, etc.), trees may be trimmed to the extent necessary to 
gain access to the work sites. All cleared materiallvegetation shall be removed out of the 
riparianlstream zone. 

15. Precautions to minimize turbiditylsiltation shall be taken into account during project planning 
and implementation. This may require the placement of silt fencing, coir logs, coir rolls, straw 
bale dikes, or other siltation barriers so that silt andlor other deleterious materials are not 
allowed to pass to downstream reaches. Passage of sediment beyond the sediment barrier(s) 
is prohibited. If any sediment barrier fails to retain sediment, corrective measures shall be 
taken. The sediment barrier(s) shall be maintained in good operating condition throughout the 
construction period and the following rainy season. Maintenance includes, but is not limited 
to, removal of accumulated silt and/or replacement of damaged silt fencing, coir logs, coir rolls, 
andlor straw bale dikes. Caltrans is responsible for the removal of non-biodegradable silt 
barriers (such as plastic silt fencing) after the disturbed areas have been stabilized with 
erosion control vegetation (usually after the first growing season). Upon Department 
determination that turbiditylsiltation levels resulting from project related activities constitute a 
threat to aquatic life, activities associated with the turbiditylsiltation shall be halted until 
effective Department approved control devices are installed or abatement procedures are 
initiated. 

16. During construction, all equipment refueling and maintenance shall occur more than 200 feet 
from the main channel, except for the pile driver(s) or other stationary equipment. Raw 
cementlconcrete or washings thereof, asphalt, paint or other coating material, oil or other 
petroleum products, or any other substances which could be hazardous to aquatic life, 
resulting from project related activities, shall be prevented from contaminating the soil andlor 
entering the waters of the state. Any of these materials, placed within or where they may enter 
the stream by Caltrans or any party working under contract or with the permission of Caltrans, 
shall be removed immediately. DFG shall be notified immediately by Caltrans of any spills and 
shall be consulted regarding clean-up procedures. 

17. During construction, the contractor shall not dump any litter or construction debris within the 
stream zone. All construction debris and associated materials shall be removed from the work 
site upon completion of this project. 

18. This agreement is not valid and work may not begin until the agreement is signed by a 
representative of DFG of Fish & Game. Stream alteration work authorized by this agreement 
expires on December 31, 201 3. This agreement shall remain in effect for that time necessary 
to satisfy all required mitigation and monitoring measures. 
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19. Requests for Extensions (agreement renewal), Minor Amendments, and Major Amendments 
must be submitted in writing prior to expiration of the agreement or commencement of work on 
modified project plans. Extensions and Amendments are issued at the discretion of DFG. 
Please see the current fee schedule to determine the appropriate fee. 

20. DFG may take enforcement action and reserves the right to suspend andlor revoke this 
agreement if DFG determines that the circumstances warrant. The circumstances that could 
require these Department actions include, but are not limited to, the following: A) Failure to 
comply with the termslconditions of this agreement. B) The information provided by Caltrans 
in support of the agreementlnotification is determined by DFG to be incomplete, or inaccurate. 
C) When new information becomes available to DFG representative(s) that was not known 

when preparing the original termslconditions of this agreement. D) The project as described in 
the notification, agreement, or amendment has changed, or conditions affecting fish and 
wildlife resources change. 

21. If, in the opinion of DFG, conditions arise or change in such a manner as to be considered 
deleterious to aquatic life, operations shall cease until corrective measures are taken. 

22. It is understood that DFG enters into this agreement for purposes of establishing protective 
features for fish and wildlife, in the event that a project is implemented. The decision to 
proceed with the project is the sole responsibility of Caltrans, and is not required by this 
agreement. It is agreed that all liability andlor incurred costs related to or arising out of 
Caltrans' project and the fish and wildlife protective conditions of this agreement, remain the 
sole responsibility of Caltrans. Caltrans agrees to hold harmless and defend the State of 
California and DFG of Fish and Game against any related claim made by any party or parties 
for personal injury or other damage. 
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SIGNATURE PAGE 

Caltrans, as designated by the signature on this agreement, shall be responsible for the execution of all 
elements of this agreement. A copy of this agreement must be provided to contractor and subcontractors 
and must be in their possession at the work site. 

Failure to comply with the provisions of this agreement and with other pertinent Code Sections, including 
but not limited to Fish and Game Code Sections 5650, 5652 and 5948, may result in prosecution. 

Nothing in this agreement authorizes Caltrans to trespass on any land or property, nor does it relieve 
Caltrans of responsibility for compliance with applicable federal, state, or local laws or ordinances. 

This agreement is not valid and work may not begin until the agreement 
is signed by a representative of DFG of Fish & Game. 

Caltrans 

Contractor: Date 

Title: 

Company: 

Department 
Representative: w 1 

andra Morey, Regihal Manager 
Date ~ / ; / d p  
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Karl E. Longley, ScD, P.E., Chair 
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Arnold 

Secrefafy for Phone (916) 464-3291 FAX (916) 464-4645 Schwarzenegger 
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Protection 

22 May 2009 

Suzanne ~ e l i m  
California Department of Transportation 
PO Box 91 1 
Marysville, CA 95901 

CLEAN WATER ACT 9401 TECHNICALLY CONDITIONED WATER QUALITY 
CERTIFICATION FOR DISCHARGE OF DREDGED AND/OR FILL MATERIALS FOR THE 
STATE ROUTE 99 SAFETY AND OPERATIONAL IMPROVEMENT PROJECT-SEGMENT 2 
FEATHER RIVER BRIDGE, (WDID#5A51CR00047) SUTTER COUNTY 

WATER QUALITY CERTIFICATION STANDARD CONDITIONS: 

1. This certification action is subject to modification or revocation upon administrative or 
judicial review, including review and amendment pursuant to §I 3330 of the California 
Water Code and $3867 of Title 23 of the California Code of Regulations (23 CCR). 

2. 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 23 CCR subsection 3855(b) and the 
application specifically identified that a FERC license or amendment to a FERC license for 
a hydroelectric facility was being sought. 

3. The validity of any non-denial certification action shall be conditioned upon total payment of 
the full fee required under 23 CCR $3833, unless otherwise stated in writing by the 
certifying agency. 

4. Certification is valid for the duration of the described project. Discharger shall notify the 
Central Valley Water Board in writing within 7 days of project completion. 

ADDITIONAL TECHNICALLY CONDITIONED CERTIFICATION REQUIREMENTS: 

In addition to the four standard conditions, the applicant shall satisfy the following: 

1 Except for activities permitted by the U.S. Army Corps under §404 of the Clean Water Act, 
soil, silt, or other organic materials shall not be placed where such materials could pass 
into surface water or surface water drainage courses. 

2. California Department of Transportation shall notify the Water Board in writing at least ten 
days prior to the start of any in-water construction or in-water construction related activities. 

Cnliforizia Environmeiztal Protection Agency 

%?+ Recycled Paper 



California Department of Transportation - 2 -  
SR 99 Safety and Operational Improvement Project 

22 May 2009 

3. The discharge of petroleum products, hazardous materials, or other excavated materials to 
surface water is prohibited. Refueling of equipment within the floodplain or within 200 feet 
of a waterway is prohibited. Refueling areas shall be provided with secondary containment 
including drip pans and/or placement of absorbent material. No hazardous materials, 
pesticides, fuels, lubricants, oils, hydraulic fluids or other construction-related potentially 
hazardous substances should be stored within the floodplain or within 200 feet of a 
waterbody. California Department of Transportation needs to perform frequent inspections 
of construction equipment to insure leaks from the equipment are not occurring or are not a 
threat to water quality. 

4. California Department of Transportation will schedule in-water work only during the low- 
flow period (June 15-October 15), which will reduce effects to listed fish species and water 
quality. 

5. Wet concrete or grout shall not enter any surface water or surface water drainage course. 

6. Activities shall not cause turbidity increases in surface water to exceed: 

a. where natural turbidity is between 0 and 5 Nephelometric Turbidity Units (NTUs), 
increases shall not exceed I NTU; 

b. where natural turbidity is between 5 and 50 NTUs, increases shall not exceed 
20 percent; 

c. where natural turbidity is between 50 and 100 NTUs, increases shall not exceed 
10 NTUs; 

d. where natural turbidity is greater than 100 NTUs, increases shall not exceed 
10 percent. 

Except that these limits will be eased during in-water working periods to allow a turbidity 
increase of 15 NTU over background turbidity as measured in surface waters 300 feet 
downstream from the working area. In determining compliance with the above limits, 
appropriate averaging periods may be applied provided that beneficial uses will be fully 
protected. 

7.  California Department of Transportation shall review and provide a copy of this 401 
certification to their contractor and insure all construction staff are properly trained of the 
conditions of this 401 certification and take proper steps throughout the entire project to 
maintain and protect water quality. California Department of Transportation shall require 
their Contractor(s) to confirm, in writing, they have fully reviewed conditions this 401 
certification and will submit any monitoring, required by this certification or the Central 
Valley Water Board. 

8. Water shall not contain floating material in amounts,that cause nuisance or adversely 
affect beneficial uses. 

9. Waters in the work area or downstream shall not contain oils, greases, waxes, or other 
materials in concentrations that cause nuisance, result in a visible film or coating on the 
surface of water or on objects in the water, or otherwise adversely affect beneficial uses. 
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10. Activities shall not cause settleable matter to exceed 0.1 mlll in surface waters as 
measured in surface waters 300 feet downstream from the project. 

11. All areas disturbed by project activities shall be protected from washout or erosion. 

12. Falsework shall not increase impacts to water or wetlands other than those identified in the 
application and approved by this permit. 

13. California Department of Transportation shall notify the Water Board immediately if any 
criteria for turbidity, settleable matter, oillgrease, foam or construction-related fuels, 
lubricants, anti-freeze or similar vehicle-related substances are exceeded at any time 
throughout the project period. 

14. California Department of Transportation shall notify the Water Board immediately of any 
spill of petroleum products or other organic or earthen materials. 

15. From 15 October to 15 April, contractor will only have a minimal amount of equipment and 
construction material within the levees (only an amount that can be removed within 24- 
hours). 

16. In the event that project activities result in the disturbance of bottom sediments, deposition 
of cement or soil materials, or discharge of other pollutants into surface waters, the 
following surveillance and monitoring shall be conducted immediately upstream and 300 
feet downstream of the work site and the results reported to this office within two weeks of 
sampling: 

17. California Department of Transportation shall comply with all Department of Fish and 
Game 1600 requirements for the project. 

Parameter 

Turbidity 

Settleable Material 

Visible Construction- 
related Pollutants 

18. California Department of Transportation must obtain coverage under and comply with the 
NPDES General Permit for Storm Water Discharges Associated with Construction 
Activities issued by the State Water Resources Control Board. 

19. California Department of Transportation must prepare and submit to the Water Board an 
approved flood emergency evacuation plan prior to the construction start date. 

Unit 

NTU 

mlll 

Type of 
Sample 

Grab 

Grab 

Visible 
Inspections 

Frequency of Sample 

Every 4 hours during in 
water work 

Same as above. 

Continuous throughout 
construction period 
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20. The Conditions in this water quality certification are based on the information in the 
attached "Project Information". If the information in the attached Project Information is 
modified or the project changes, this water quality certification is no longer valid until 
amended by the Regional Water Board. 

Dewatering and Creation of Retention Ponds and/or Basins: 
At the time of this 401 certification issuance, detailed information regarding dewatering 
frequency and methods as well as the location of and design, type, number, and size of 
possible retention ponds and/or basins was not available from California Department of 
Transportation. As a condition of this permit, prior to the start of any construction that will 
require these control measures, the California Department of Transportation must provide to 
the Central Valley Water Board a set of plans and specifications that outline where and how 
these measures will be implemented. This may include field visits by Central Valley Water 
Board staff prior to, during, and following the implementation of these measures. These 
control measures shall be protected from inundation during periods of high river flows. 

ADDITIONAL STORM WATER QUALITY CONDITIONS: 

The applicant shall also comply with the following storm water quality conditions: 

1. During the construction phase, California Department of Transportation must employ 
strategies to minimize erosion, sedimentation, and the introduction of pollutants into 
waterways and storm water runoff. These strategies must include the following: 

a. the Storm Water Pollution Prevention Plan (SWPPP) must be implemented 
during the project planning and design phases and before construction begins. 

b. an effective combination of erosion and sediment control Best Management 
Practices (BMPs) must be implemented and adequately working prior to the 
rainy season and during all phases of construction. 

2. California Department of Transportation must minimize the short and long-term impacts 
on receiving water quality from the State Route 99 Safety and Operational lmprovement 
Project-Segment 2 Feather River Bridge, by implementing the following post- 
construction storm water management practices: 

a. minimize the amount of impervious surface; 
b. reduce peak runoff flows; 
c. provide treatment BMPs to reduce pollutants in runoff; 
d. ensure existing waters of the State (e.g. wetlands, vernal pools, or creeks) are 

not used as pollutant source controls and/or restore treatment controls; 
e. preserve and, where possible, create or restore areas that provide important 

water quality benefits, such as riparian corridors, wetlands, and buffer zones; 
f. limit disturbances of natural water bodies and natural drainage systems caused 

by development (including development of roads, highways, and bridges); 
g. use existing drainage master plans or studies to estimate increases in pollutant 

loads and flows resulting from projected future development and require 
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incorporation of structural and non-structural BMPs to mitigate the projected 
pollutant load increases in surface water runoff; 

h. identify and avoid development in areas that are particularly susceptible to 
erosion and sediment loss, or establish development guidance that protects 
areas from erosionlsediment loss; 

i. control post-development peak storm water run-off discharge rates and 
velocities to prevent or reduce downstream erosion, and to protect stream 
habitat. 

3. California Department of Transportation must ensure that all development within the 
project provides verification of maintenance provisions for post-construction structural 
and treatment control BMPs. Verification shall include one or more of the following, as 
applicable: 

a. the developer's signed statement accepting responsibility for maintenance until 
the maintenance responsibility is legally transferred to another party; or 

b. written conditions in the sales or lease agreement that require the recipient to 
assume responsibility for maintenance; or 

c. written text in project conditions, covenants and restrictions for residential 
properties assigning maintenance responsibilities to a home owner's association, 
or other appropriate group, for maintenance of structural and treatment control 
BMPs; or 

d. any other legally enforceable agreement that assigns responsibility for storm 
water BMP maintenance. 

REGIONAL WATER QUALITY CONTROL BOARD CONTACT PERSON: 

Virginia S. Moran, Environmental Scientist 
1 1020 Sun Center Drive #200 
Rancho Cordova, California 95670-61 14 
(9 16) 464-48 14 
vmoran@waterboards.ca.gov 

WATER QUALITY CERTIFICATION: 

I hereby issue an order certifying that any discharge from California Department of 
Transportation, State Route 99 Safety and Operational lmprovement Project-Segment 2 
Feather River Bridge (WDID#5A51CR00047) will comply with the applicable provisions of 
§301 ("Effluent Limitations"), §302 ("Water Quality Related Effluent Limitations"), §303 ("Water 
Quality Standards and Implementation Plans"), §306 ("National Standards of Performance"), 
and 5307 ("Toxic and Pretreatment Effluent Standards") of the Clean Water Act. This 
discharge is also regulated under State Water Resources Control Board Water Quality Order 
No. 2003-0017 DWQ "Statewide General Waste Discharge Requirements For Dredged Or Fill 
Discharges That Have Received State Water Quality Certification (General WDRs)". 
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Except insofar as may be modified by any preceding conditions, all certification actions are 
contingent on (a) the discharge being limited and all proposed mitigation being completed in 
strict compliance with the applicant's project description and the attached Project lnformation 
Sheet, and (b) compliance with all applicable requirements of the Regional Water Quality 
Control Board's Water Quality Control Plan (Basin Plan). 

7&~amela C. Creedon 
Executive Officer 

Enclosure: Project lnformation 

cc: See Distribution list, page 11 
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PROJECT INFORMATION 

Application Date: 30 January 2009 

Applicant: Suzanne Melim, Associate Environmental Planner 
California Department of Transportation 
PO Box 91 1 
Marysville, CA 95901 

Project Name: State Route 99 Safety and Operational lmprovement Project-Segment 2 
Feather River Bridge 

Application Number: WDID#5A51 CR00047 

U.S. Army Corps File Number: SPK 2008-01 81 0 

Type of Project: Transportation Upgrade Project 

Project Location: Section NIA, Township 12 North, Range 3 East, MDB&M. 
Latitude: 38"54'00.07" and Longitude: 121 "35'06.99". 

County: Sutter County 

Receiving Water(s) (hydrologic unit): Feather River and Nelson Slough, Sacramento 
Hydrologic Basin, Valley- American Hydrologic Unit #519.22, Pleasant Grove HSA 

Water Body Type: Floodplain, River, Wetlands, Streambed 

Designated Beneficial Uses: The Basin Plan for the Central Valley Regional Board has 
designated beneficial uses for surface and ground waters within the region. Beneficial uses 
that could be impacted by the project include: Municipal and Domestic Water Supply (MUN); 
Agricultural Supply (AGR); Industrial Supply (IND), Hydropower Generation (POW); 
Groundwater Recharge, Water Contact Recreation (REC-1); Non-Contact Water Recreation 
(REC-2); Warm Freshwater Habitat (WARM); Cold Freshwater Habitat (COLD); and Wildlife 
Habitat (WILD). 

Project Description (purposelgoal): This project is part of an overall State Route 99 Safety 
and Operational lmprovement Project designed to be implemented in three segments: 
Segments I ,  2, & 4. Segment 1 was completed in October 2007. (Segment 3 was completed 
between 1999 and 2000 and covered under a separate environmental process). Segment 4 
was started on 20 April 2009 and is still under construction. This 401 certification is for 
Segment 2. Segment 2 will be completed in two tasks: Bridge Construction and Drainage 
Work. 

BRIDGE CONSTRUCTION 

Based on project information provided by the applicant, the Segment 2 component of the 
project begins north of Powerline Road extending north past Sacramento Avenue. Segment 2 
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will widen the existing road to the east. The project will include a new bridge across the 
Feather River and a new Garden Highway undercrossing. 

The primary construction feature of the Segment 2 project is the placement of a new two-lane 
bridge across the Feather River that will convey the northbound traffic when completed. The 
existing two-lane bridge will be left in place and following construction of the new bridge, 
convey the southbound traffic. The new bridge will start at the existing southern levee and 
extend across the Feather River, its floodplain, and over Nelson Slough to the northern levee. 
The bridge will be approximately 3,000 ft long and will parallel the existing bridge. No work is 
proposed on the existing bridge. 

The new bridge will have two abutments and 16 piers. The piers will be comprised of two 7.5- 
foot diameter cast steel shell piles. These hollow piles are driven or vibrated into the ground 
and steel framing is placed inside the shell followed by concrete and a pile cap. During 
excavation of the permanent piles, water may need to be pumped to detentionlsettling basins. 
Water may be pumped and taken off-site or retained within settling ponds or basins (see 
additional technically conditioned certification requirements). Following this construction, the 
bridge deck portion is then constructed on top of the piers. No cofferdams are proposed for 
this construction method. 

The project will result in one pier (Pier 2) being built in a wetland area and four piers (4, 5, 6 
&7) in the active channel of the Feather River. The remaining pier will be built within the 
confines of the levee but beyond the ordinary high water mark. The abutments are at the tops 
of the existing levees. The work within the levees is expected to take up to three seasons and 
California Department of Transportation intends to do this work throughout the entire season 
of each year. 

This project will require in-water activity for construction. At the time of the 401 application, 
California Department of Transportation stated they could not identify how the near andlor in- 
water falsework for Segment 2 would be constructed, but most likely it will require the 
contractor to construct temporary floating "trestles" in order to perform construction from the 
water. A barge was considered but it was determined the water is too shallow. It is expected 
that the contractor will access Piers 2, 4, 5, 6, and 7 via these "trestles". Each trestle is 
expected to be built from a pair of 2-foot diameter steel shell piles placed every 30 feet with 
the decking built atop the piles. In addition to the trestle, the contractor will likely install 
temporary bent piles to support the bridge during construction. The temporary bents may be 
constructed from eight 2-foot diameter steel shell piles. Ninety-six piles may be driven for the 
temporary bents within Waters of the U.S. (backwater area south of the Feather River, the 
Feather River, and Nelson Slough). Following construction, the temporary piles and falsework 
will be removed. 

DRAINAGE WORK 

Nine drainage systems are included as part of this project. All drainage work will occur on the 
east side of the project. California Department of transportation intends to improve stormwater 
drainage with this phase of the work by performing the following projects: 1) extending culverts 
at five existing drainage locations; 2) relocating 2,900 feet of existing roadside ditch; and 
3) adding 5,340 feet of new roadside stormwater ditches. 
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Surface water diversion may be necessary at cross canals and irrigation ditches where 
existing culverts will be extended. These diversions have to be designed and completed to 
maintain water qualitylquantity in the canals and in order to meet giant garter snake avoidance 
and impact minimization measures. This could include a temporary check dam or similar 
measures. Base flow will have to be maintained down channel to provide water for agriculture 
needs. California Department of Transportation will develop and enact a plan that will address 
the issue of canal management to insure agricultural needs are met and giant garter snake 
habitat is protected. These measures may be implemented in compliance with and the 
cooperation of other regulatory agencies such as US Fish and Wildlife Service and California 
Department of Fish and Game. 

Preliminary Water Quality Concerns: This project includes in-water construction activity as 
well as impacts to streambed and wetland. These activities may impact surface waters with 
increased turbidity and settleable matter as well as other project-related pollutants. 

Proposed Mitigation to Address Concerns: Mitigation proposed by the applicant includes 
the following: 

California Department of Transportation has selected a bridge type that does not require 
diversion or excavation of an active water-bearing channel. 

California Department of Transportation has scheduled in-water work during the low-flow 
period (June 15-October 15), which will reduce effects to listed fish species and water quality. 

California Department of Transportation has identified environmentally sensitive areas that will 
be avoided during construction and will greatly reduce potential impacts to wetlands and other 
sensitive habitats and resources. 

California Department of Transportation will require the contractor to access piers in the 
Feather River with floating trestles, which will greatly reduce impacts to the channel. 

Temporary piles will be left in place during the construction period. This will eliminate the need 
to re-drive piles for the temporary access trestle. Temporary bents left in place will reduce 
construction time. Both of these will greatly minimize construction impacts on listed fish 
species. 

From October 15 to April 15, California Department of Transportation with require their 
contractor to have a minimal amount of equipment and construction material within the levees 
(only an amount that can be removed with 24-hour notice). 

All falsework (temporary bent piles and trestle) will be installed in a manner that is expected to 
withstand a large flood event. This project duration is proposed for two to three years. 
Therefore, the selected contractor for California Department of Transportation will prepare an 
approved flood emergency evacuation plan prior to the start of construction within the flood 
plain. 

California Department of Transportation has submitted a Final On-Site Mitigation Plan to the 
Central Valley Water Board (EA 03-1A4321-April 2009). Within areas undergoing temporary 
impacts, California Department of Transportation will replant native plant species within state 
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right-of-ways and implement temporary and permanent erosion control measures including 
drill seeding, and permanent tree and shrub plantings. 

California Department of Transportation will obtain coverage and comply with the NPDES 
General Permit for Storm Water Discharges Associated with Construction Activities issued by 
the State Water Resources Control Board. California Department of Transportation will 
implement Best Management Practices (BMPs) to control sedimentation and erosion. All 
temporary affected areas will be restored to pre-construction contours and conditions upon 
completion of construction activities. The contractor will be required to prepare and follow an 
approved Stormwater Pollution Prevention Plan (SWPPP) prior to construction. 

California Department of Transportation will conduct turbidity and settleable matter testing 
during in water work, stopping work if Basin Plan criteria are exceeded or are observed. 

FilllExcavation Area: About 5,052 cubic yards of clean soil will be placed into I .27 acres and 
3,572 linear feet of jurisdictional wetland, 0.132 acre and 215 linear feet of riparian wetland, 
and 0.064 acre and 248 linear feet of un-vegetated streambed (for a total of 1.47 acres and 
4,035 linear feet of fill). 

Dredge Volume: None 

U.S. Army Corps of Engineers Permit Number: SPK 2008-01810 

Department of Fish and Game Streambed Alteration Agreement: 1600-2009-001 6-R2 

Possible Listed Species: Green Sturgeon, Central Valley steelhead including critical habitat, 
Central Valley spring-run Chinook salmon, Giant Garter Snake, Swainson's Hawk, Western 
yellow-billed cuckoo, and Bank Swallow. 

Status of CEQA Compliance: A joint Final Environmental Impact Report I Environmental 
assessment between Caltrans and the U.S. Department of Transportation Federal Highway 
Administration was finalized as of 31 October 2003 and 04 November 2003 respectively. A 
Notice of Determination was filed as of 18 November 2003 (State Clearinghouse Number 
2001 092006). 

Compensatory Mitigation: California Department of Transportation is proposing to create a 
combined 2.694 acres and 450 linear feet of jurisdictional wetland, riparian, and streambed; 
restore 0.568 acre and 590 linear feet of same, and enhance 0.62 acre and 5,340 linear feet 
of streambed. Mitigation for this project is at a 1:1 ratio. California Department of 
Transportation will be deducting 0.014 acre of credit for permanent impacts from the approved 
Beach Lake Mitigation Bank for credits that could not be mitigated onsite. The Army Corps of 
Engineers is accepting onsite restoration for the wetland riparian areas of roadside ditches 
that are being relocatedlplanted and monitored. Creation of additional ditches to offset 
temporary and permanent impacts from the culvert extensions has also been accepted as 
mitigation. There will be 2.087 acres of enhancement and restoration of wetlands, "other 
waters", and ditches onsite. 

Application Fee Provided: Total fees of $24,448.00 have been submitted as required by 
23 CCR §3833b(3)(A) and by 23 CCR §2200(e). 
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DEPARTMENT OF THE ARMY 

U.S. ARMY ENGINEER DISTRICT, SACRAMENTO 

CORPS OF ENGINEERS 

1325 J STREET 

SACRAMENTO CA 95814-2922 
REPLY TO 
ATTENTION OF 

June 24,2009 

Regulatory Division (SPK-2008-0 18 10) 

California Department of Transportation 
Susan Bauer, Chief, Environmental Management 
703 B StreetlP.0. Box 91 1 
Marysville, California 9590 1-091 1 

Dear Ms. Bauer: 

This letter of permission authorizes your proposed discharge of dredged or fill material into 
approximately 2.179 acres of waters of the United States, including wetlands for your proposed 
State Route 99 Safety and Operational Improvement Project, Segment 2- Feather River Bridge. The 
project is located along State Route 99 between Post Mile (PM) 11.1 and PM 14.3 in Section 2, 
Township 12 North, Range 3 East, MDB&M, Latitude 38 54'00.07", Longitude -120 35'06.99", in 
Sutter County, California. 

The term "you" and its derivatives, as used in this permit, means the permittee or any future 
transferee. The term "this office" refers to the appropriate district or division office of the Corps of 
Engineers having jurisdiction over the permitted activity or the appropriate official of that office 
acting under the authority of the commanding officer. Work in waters of the United States must 
be in accordance with the following conditions of authorization: 

General Conditions: 

1. The time limit for coil~pleting the work authorized ends on Junc 16,2014. If you find that 
you need more time to complete the authorized activity, submit a request for time extension to this 
office for consideration at least one month before the above date is reached. 

2. You must maintain the activity authorized by this permit in good condition and in 
conformance with the terms and conditions of this permit. You are not relieved of these 
requirements if you abandon the permitted activity. This permit may be transferred upon request 
provided the work complies with the terms and conditions of this authorization. When the 
structures or work authorized by this permit are still in existence at the time the property is 
transferred, the terms and conditions of this permit will continue to be binding on the new owner(s) 
of the property. Should you wish to cease to maintain the authorized activity or abandon it without 
a good faith transfer; you must obtain a permit modification from this office. 



3. If you discover any previously unknown historic or archeological remains while 
accomplishing the activity authorized by this permit, you must immediately notify this office of 
what you have found. We will initiate the federal and state coordination required to determine if the 
remains warrant a recovery effort or if the site is eligible for listing in the National Register. 

4. You must insure that the work complies with the conditions of the Section 401 water quality 
certification (WDID#5A5 1CR00047), dated May 22,2009, for this project. 

5. You must allow representatives from this office to inspect the authorized activity at any 
time deemed necessary to ensure that it is being or has been accomplished in accordance with the 
terms and conditions of your permit. 

Special Conditions: 

1. You understand and agree, that, if future operations by the United States require the 
removal, relocation, or other alteration of the structure or work herein authorized, or if, in the 
opinion of the Secretary of the Army or his authorized representative, said structure or work shall 
cause unreasonable obstruction to the free navigation of the navigable waters, you will be required, 
upon due notice from the Corps of Engineers, to remove, relocate, or alter the structural work or 
obstructions caused hereby, without expense to the United States. No claim shall be made against 
the United States on account of any such removal or alteration. 

2. Your use of the permitted activity must not interfere with the public's right to free 
navigation on all navigable waters of the United States. 

3. You must install and maintain, at your expense, any safety lights and signals prescribed by 
the United States Coast Guard (USCG), through regulations or otherwise, on your authorized 
facilities. 

4. To mitigate for the permanent loss of approximately 0.93-acre of perennial wetlands, you shall 
debit 0.93-acre of perennial wetland credits from Beach Lake Mitigation Bank. Evidence of this debit 
shall be provided to this office prior to proceeding with any activity otherwise authorized by this 
permit. 

5. To compensate for the permanent loss of approximately 0.025-acre of waters of the United 
States, you shall re-create at least 0.025-acre of roadside ditches and other waterways adjacent to the 
modified roadway. Ditches and waterways shall be vegetated with native seed mix. 

6. To insure on-site compensatory mitigation compliance, the document entitled Final On-Site 
Mitigation Plan - SR99 Safety and Operational Improvement Project - Segment 2 (Feather River 
Bridge), EA 03-144321, dated, April 2009, is incorporated by reference as a condition of this 
authorization except as modified by the following special conditions: 

7. Any riparian vegetation removal within 250 feet of the Feather River, that cannot be 
restored onsite, must be mitigated offsite at a ratio of 3: 1. 



8. You shall construct the compensatory mitigation prescribed by this plan concurrently with, or 
in advance of, the start of construction of the authorizedlpermitted activity. Construction of 
compensatory mitigation shall be completed no later than February 201 1 or the first (ISt) Fall following 
project construction completion. 

9. To insure that mitigation is completed as required, you shall notify the District Engineer of the 
start date and the completion date of the mitigation construction, in writing and no later than ten (1 0) 
calendar days after each date. 

10. This Corps permit does not authorize you to take an endangered species, in particular giant 
garter snake (Thamnophis gigas), Central Valley spring-run Chinook salmon ESU (Oncorhynchus 
tshawytscha), Central Valley steelhead DPS (Oncorhynchus mykiss), and Southern DPS of North 
American green sturgeon (Acipenser medirostris) or their designated critical habitat. In order to 
legally take a listed species, you must have separate authorization under the Endangered Species Act 
(e.g., an Endangered Species Act Section 10 permit, or a Biological Opinion under Endangered Species 
Act Section 7, with "incidental take" provisions with which you must comply). The Fish and Wildlife 
Service Biological Opinion, dated May 15,2003 (Number 1-1-03-F-0089), amended September 27, 
2006 (Number 1-1-06-F-0254), and National Marine Fisheries Service Biological Opinion, dated 
September 4,2003 (SWR-02-SA-6441: FKF), amended June 9,2009, contains mandatory terms and 
conditions to implement the reasonable and prudent measures that are associated with "incidental take" 
that is specified in the Biological Opinion. Your authorization under this Corps permit is conditional 
upon your compliance with all of the mandatory terms and conditions associated with "incidental take" 
of the referenced Biological Opinions, which terms and conditions are incorporated by reference in this 
permit. Failure to comply with the terms and conditions associated with incidental take of the 
Biological Opinions, where a take of the listed species occurs, would constitute an unauthorized take, 
and it would also constitute non-compliance with your Corps permit. The Fish and Wildlife Service 
and National Marine Fisheries Service are the appropriate authorities to determine compliance with the 
terms and conditions of their Biological Opinions, and with the Endangered Species Act. The 
permittee must comply with all conditions of these Biological Opinions, including those ascribed to the 
Corps. 

1 1. You shall follow the specifications and standards described in the Storm Water Pollution 
Prevention Plan (SWPPP) andlor Water Pollution Control Plan (WPCP), to prevent erosion and 
sedimentation during and after construction. Construction work within wetlands and vernal pools will 
be conducted during periods of low flow (April 15-October 15), outside the rainy season work 
window. 

12. You shall employ Best Management Practices (BMP's) to avoid and minimize environmental 
impacts. Temporary fills must be removed in their entirety and the affected areas returned to 
preconstruction elevations and conditions. The affected areas must be re-vegetated with a native seed 
mix. 

13. All equipment staging, including Temporary Construction Areas (TCA's), shall take place 
within Caltrans approved areas within the project boundary. Prior to construction implementation, you 
shall ensure all equipment staging, TCA's, demolition and disposal, excavation, off pavement detours, 
and borrow and fill areas, have been evaluated under National Environmental Policy Act (NEPA), 



Section 401 and 404 of the Clean Water Act, Section 7 of the Endangered Species Act and Section 106 
of the National Historical Preservation Act and all required permits have been obtained. 

14. To document pre- and post-project construction conditions, you shall submit numbered 
and dated photos of the permanent and temporary impact areas within the project site prior to 
project implementation and numbered and dated post-construction photos of the same areas within 
30 days after project completion. 

15. You must allow representatives from the Corps of Engineers to inspect the authorized 
activity and any mitigation, preservation, or avoidance areas at any time deemed necessary to 
ensure that it is being or has been accomplished in accordance with the terms and conditions of 
your permit. 

Further Information: 

1. Congressional Authorities: You have been authorized to undertake the activity described above 
pursuant to : 

(X) Section 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. 403). 

(X) Section 404 of the Clean Water Act (33 U.S.C. 1344). 

2. Limits of this authorization. 

a. This permit does not obviate the need to obtain other Federal, state, or local authorizations 
required by law. 

b. This permit does not grant any property rights or exclusive privileges. 

c. This permit does not authorize any injury to the property or rights of others. 

d. This permit does not authorize interference with any existing or proposed Federal projects. 

3. Limits of Federal Liability. In issuing this permit, the Federal Government does not assume any 
liability for the following: 

a. Damages to the permitted project or uses thereof as a result of other permitted or unpermitted 
activities or from natural causes. 

b. Damages to the permitted project or uses thereof as a result of current or future activities 
undertaken by or on behalf of the United States in the public interest. 

c. Damages to persons, property, or to other permitted or unpermitted activities or structures 
caused by the activity authorized by this permit. 

d. Design or construction deficiencies associated with the permitted work. 



e. Damage claims associated with any future modification, suspension, or revocation of this 
permit. 

4. The determination of this office that issuance of this permit is not contrary to the public interest 
was made in reliance on the information you provided. 

5. This office may reevaluate its decision on this permit at any time the circumstances warrant. 
Circumstances that could require a reevaluation include, but are not limited to, the following: 

a. You fail to comply with the terms and conditions of this permit. 

b. The information provided by you in support of your permit application proves to have been 
false, incomplete, or inaccurate (see 4 above). 

c. Significant new information surfaces which this office did not consider in reaching the 
original public interest decision. 

Such a reevaluation may result in a determination that it is appropriate to use the suspension, 
modification, and revocation procedures contained in 33 CFR 325.7 or enforcement procedures 
such as those contained in 33 CFR 326.4 and 326.5. 

6. Extensions. General Condition 1 establishes a time limit for the completion of the activity 
authorized by this permit. Unless there are circumstances requiring either a prompt completion of 
the authorized activity or a reevaluation of the public interest decision, the Corps will normally give 
favorable consideration to a request for an extension of this time limit. 

This letter of permission becomes effective when the Federal official, designated to act for the 
Secretary of the Army, has signed below. Attached to this verification is an approved jurisdictional 
determination (JD). If you are not in agreement with that approved JD, you can make an 
administrative appeal under 33 CFR 33 1. A notice of appeal options is enclosed. 

We appreciate your feedback. At your earliest convenience, please tell us how we are doing by 
completing the customer survey on our website under Customer Service Survey. 

Please refer to identification number SPK-2008-0 18 10 in any correspondence concerning this 
project. If you have any questions, please contact Leah Fisher at, email 
Leah. M. Fisher@usace. army. mil, or telephone 9 16-5 57-6639. For more information regarding our 
program, please visit our website at www. spk. usace. army. mil/regulatory. html. 

For and on the behalf of Colonel Thomas Chapman, District Engineer. 

Sincerely, 

Chief, California North Branch 



Copy furnished without enclosure(s) 

Ms. Eva Begley, California Department of Transportation, 2800 Gateway Oaks Drive, Suite 100, 
MS#19, Sacramento, California 95833-4246 

Mr. Paul Jones, U.S. Environmental Protection Agency, Region IX, Wetlands Regulatory Office 
(WTR-8), 75 Hawthorne Street, San Francisco, California, 94105-3901 

Ms. Virginia Moran, Water Quality Certification Unit, Regional Water Quality Control Board, 
1 1020 Sun Center Drive #200, Rancho Cordova, California 95670-61 14 

Ms. Sandy Morey, California Department of Fish and Game, 1701 Nimbus Road, Rancho Cordova, 
California 95670-4504 

Mr. Ken Sanchez, U.S. Fish and Wildlife Service, Forest-Foothill Branch, 2800 Cottage Way, W- 
2605, Sacramento, California, 95825 

Ms. Maria Rea, National Marine Fisheries Service, 650 Capital Mall, Suite 8-300, Sacramento, 
California 95 8 14-4706 

Mr. Jay Punia, Central Valley Flood Protection Board, 33 10 El Camino Avenue, Room LL40, 
Sacramento, California 95821 



STATE OF CALIFORNIA 
THE RESOURCES AGENCY 

TI-IE CENTRAX, VALLEY FLOOD PROTECTION BOARD 

PERMIT NO. 18469 BD 
This Purnlit is issued to: 

California Department of Tra~xsportation 
2800 Gateway Oaks Drive 
Sacramento, California 95833 

'To coz~struct a second bridge, pre-cast concrete box girder, across the Feather 
River east of the existing Bridge (No. 113-0026] 41.84-feet-wide, 3,148-hot-long, 
supported by fiAeen bents with two 48-inch-diameter steel pipe pilings cach, and 
2 abtltments; and p l a ~ e  ruck riprap on both the right and left banks. The project is 
locatcd irr Nimlaus along Highway 99 f Section 12, TI 2N, R3E, MDB&M, 
Reclamation District 1001 md Mair~ttenrmce Area 3, Featlter River, Sutter 
County). 

NOTE: Special Conditions have been incoparatcd herein which rrlay place 
limitations an and/or rcqtlire mudification of your pr~p.rposod project 
described above. 

GENEMI., CONDITIONS: 

ONE: ?his permit is issued urbdcr the provisions of Sections 8700 - 8723 of the Watcr Cudc. 

TWO: Only work described in the subject applicatbrr is authorized hcreby. 

'I'IIHEE: This pcnnit does not grant a right to use or cu~~struct works on land owned by thc Sacramento and Sm locquin Ilrarnagc Distr~c~ ur (m ;lily 

other land, 

FOUR: 'Ihe approved work shsll be amnnrplishcd under the dirmtian and supervision of the State Department of Water Rcsnurces, anit the 
per-rnittcc shall cunf~nn to all requirements o f  the De.partmcnt and The C~mtraI VaIky Flood Prottxtion Board. 



F1VE: Unless the work herein cnnte,mplated shall have been commenced within one year after issuance ofthis pmnit, h e  f3oard rescrws tltc right to 
change m y  ct3rldjti<?fls in this pen~~it as rnay be collsistcr:t with cun-ent florid control standards and policies of Tltc Centwl Valley Flood I'rorection 
Board, 

SIX: This pannit shall re~nrtin ia effect until rcvukcd. In d ~ e  went. any conditions in this pcrniit arc tlot conlplicd with, it trlny bc rcvc>kuri on IS 
ciilys' trotice. 

SEVKN: It is understood and agreed to by the p rm i t t ~v  ther the stmi of ar~y work under this permit shall constitute an accc.plancc of the conditions 
in tlzis permit srrd an ugrecrnwt to perf*nn work in accordance tlrerewith. 

EICCI'I': This pcrmlt does not csrablish uny precedent. with mspcct to ;my other application rweived hy The Central Vailcy Flood I'rc~tectiort Board. 

PilNE: The permirtcc shell, when rrquired by law, secure the written rrriies M consent from all other public iigencics having jurisdicziort. 

'I'EN: The p~m~~ittec i s  rcspnrrsible for all personal liability and propcrty damage which tnay arise our of Piillrre crtt the pcnnirtcc's part to pcxhrm 
the trbligations tinder tlds pennit. If any ch im of liability is made against the S4.at.c of California, or any departrnerits thereof, the Unitccj States of 
Atncrica, a locat district or othw mnirllairiing apenciei >and the ufficers, agents or employees d~mcof, the pamiltee shall defend and shall kiold cach r?f 
tllern liar~nlcss frc~m each claim. 

E1,EVEN: 'Thc penminet shall cxercise reasonable carc to operate r-md maintain any work authorized fiercir~ to prectude injury .to or cfamagc to ariy 
works r~eccssary to any plan wf flomd flomdconrrol adapted by the Board or the Legislature, or interF-rr: with the successful execution, hnctinrring or 
opcr-ation of any plarl of Rood control adopted by the Board or the Legislature. 

'I'WKL.VE: Should any ot'thc work not conform to the conditions of this per-mit. the pentlittee, upon orrfer of 'The Cct~rral Valley FIocrd I'mtcction 
Boar.d, shall in the marzner prescribed by the Hoard be rcspnnsiblc for the cost and cxpm~se t o  rc:~mve, alter, relocate, or recorlstruct all ctr any part of 
~ h c  w c ~ k  hcrein sppmucd. 

SX7ECZAl, CONDITXONS PQK PERMIT NO. 18469 BB 

THIRTEEN: Alf work approved by this permit shall be in accordance with the submitted drawings and 
specifications except as modified by special permit conditions herein. No further work, other than 
that approved by this permit, shaU be done in the area without prior approval of the Central Valley 
Flood Protection Board. 

FOURTEEN: The permittee is responsible for all Ilability associated with construction, operation, and 
maintenance of the permitted facilities and shafl defend and hold harmless the Central Valley Flood 
Protection Board and the State of California andlwr any departments thereof from any liability or 
claims of liability assaciated therewith. 

FIFTEEN: The Central Valley Ffoad Protection Board, t he  Department of Water Resources and 
Reciamatian Dlstrict No. 'I001 and/or any departments thereof shall not be held liable for damages to 
the permitted encroachment(s) resulting from releases of water from reservoirs, flood fight, operation, 
maintenance, inspection, or ernergmcy repair. 

SIXTEEN: The permittee shall provide supervision and inspection services acceptabfe to tha Central 
Valley Flood Protection Baard. A professional engineer registered in the State af California shall 
certify that all work was inspected and performed in accordance with submitted drawings, 
specifications, and permlt candWons. 

SEVENTEEN: The permittee shall contact the Department of Water Resources by telephone, (916) 
574-0604, and submit the enclosed postcard to schedule a preconstrudion conference. Failure to do 
SO af least A 0 working days prior to start of work may result in delay of the project. 



EIGHTEEN: No construction work of any kind shall be done during the flood season from November 
1 st ta April 15th without prior written approval of the Centrat Valley Flood Protection Board. 

NINETEEN: Prior to start of any demolition and/or canstrudian activities within the Feather River 
flood control project works, GAL-TRANS shall provide the Central Valley Ffood Protection Board with 
two (2) sets af layout plans for any/all temporary in channel cofferdams, gravel work pads, work 
trestles, scaffotding, piles and/or other appurtenances that are to remain within the ffoodway during 
the flood season from December I st through April 15th. 

TWENTY: Cleared tress and brush shall be completely burned or removed from the flood cantrol 
projed works, and dawned trees or brush shall not remain in the project works during the flood 
season from November I st to April 15th. 

TWENTY-ONE: Fill material shall be placed only within the area indicated on the approved plans. 

TWENTY-'TWO: Backfill material far excavations within the levee section and within 40 feet of bridge 
supports within the floodway sf-tatl be placed in 4- to 6-inch layers and compacted to a minimum of 95 
percent relative compaction per ASTM Methad 0698 at +/- 2 percent optimum rnoistur8 content or 90 
percent relative compaction per ASTM Method D? 557-91 at 0 to 4 percent above optimum moisture 
content. 

TWENTY-THREE: Density tests by a certified materials laboratory will be required to verify 
compaction of backfill within the fload control project works. 

TWENTY-FOUR: Stockpiled material and/or equipment being utilized crri less than a weekly basis 
shall not remain in the flood contra1 project works during the flood season from November I st ta April 
15th. 

TWENTY-FIVE: The soffit af the bridge shall be a minimum of 3 feet above the flood plane elevation 
of 56.0 feet, NGV Datum. 

TWENTY-SIX: Vehicular access shalI be provided from the bridge to all levee crown roadways. 

TWENTY-SEVEN: The new piers and bents shalj be constructed parallel to the direction of flaw. 

TWENTY-EIGHT: Drainage from the bridge shall not be discharged onto the levees. 

TWENTY-NINE: In the event existing revetment on the channei banks or levee stapes is disturbed or 
displaced, it shall be restored to its original condition upon cornpietion of the proposed installation. 

THIRTY: The revetment shall not contain any reinforcing steet, floatable, or objectionable material. 
Asphalt or other petroteurn-based produds may not be used as fill or erosion protection on the levee 
section. 

THIRTY-QNE: Revetment shall be uniformly placed and properly transitioned into the bank, levee 
slope, or adjacent revetment and in a manner which avoids segregation. 
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THIRTY-TWO: Quarry rock shall be used om sfapes steeper than 3 horizontal to 3 vertical. 

THIRTY-THREE: Revetment shall be quarry stone or cobbles and shall meet the following grading: 

Quarry Stone 

Stone Sire Percent Passing 

7 5 inches; 
8 inches; 
6 inches; 
4 inches; 
2 inches; 

THIRTY-FOUR: All fencing, gates and signs removed during construction of this project shalf be 
replaced in kind and at the original lacatjons. If it is necessary to relocate any fence, gate or sign, the 
permittee is required to obtain written approval from the Central Vatley Ffood Protection Board prior 
to installatian at a new location if not: shown on the submitted pians. 

TH IRTY-FIVE: All temporary fencing, gates and signs shall be removed upan completion of the 
project. 

THIRTY-Six: Afl ccrnstrucEion debris generated by this project shall be disposed of outside of the 
Feather River flood cantrat project works. 

THIRTY-SEVEN: Trees, brush, sediment, and other debris shall be kept cleared from the bridge site 
and disposed of outside the flood control project works to maintain the design flow capacity and 
flowage area. 

THIRTY-EIGHT: Debris that may accumulate on the herein permitted bridge piers shall be cleared off 
and disposed of outside the Wood cantru1 project works after each period of high water. 

THIRTY-N1NE: The herein permitted bridge shall not interfere with aperation and maintenance af the 
flood control project. If the permitted encroachmentfs) are determined by any agency responsible for 
aperation or maintenance of the flood control project to interfere, the permittee shalf be required, at 
permittee's cost and expense, to modify or remove the permitted encroachment(s) under direction of 
the Central Valley Fload Protection Board or Department of Water Resources. If the permittee does 
not comply, the Central Valley Flood Protection Board may modify or remove the encroachrnent(s) at 
the permittee's expense. 

FORTY: If the herein permitted structure(s) result(s) in an adverse hydraulic impact, the permittee 
shall provide appropriate mitigation measures, to be approved by the Central Valby Fload Protection 
Board, prior to implementation of said mitigation measures. 

FORTY-ONE: If the  bridge is damaged to the extent that it may impair the channel or floodway 
capacity, it shalt be repaired or removed prior to the next flood season. 
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FORTY-TWO: The permittee may be required, at permittee's cost and expense, to remove, alter, 
relocate, or recanstruct ail or any part of the perrnilted encroachrnent(s) if removal, alteration, 
relocation, or reconstruction is necessary as par4 of or in conjunction with any present or future fload 
control plan or project or if damaged by any cause. If the permittee does not comply, the Central 
Valley Flood Protection Board may remove t h ~ ;  encroachrnent(s) at the permittee's expense. 

FORTY-THREE: If the project, or any portion thereof, is to be abandoned in the future, the permittee 
or successor shall abandon the projed under direction of the  Central Valley Flood Protection Board 
and Department of Water Resources, at the permittee's or sucrressor's cost and expense. 

FORTY-FOUR: The permittee shall cornply with all conditions set forth in the letter from Reclamation 
District No. IOU1 dated 3-25-09, which is attached to this permit as Exhibit A and is incarporated by 
reference. 

FQR7Y-FIVE: The permittee shall comply with all conditions set forth in the letter from the 
Department of the Army, dated June 18, 2009, which is attached to this permit as Exhibit B and is 
incorparated by reference. 

DWR 378.1 {Rev. 9,!85) 



Exhibit A 

KECl,AJC?IATIQN DIS'IKXCT 1 00 1 
1959 CORNELIUS AVENUE 

RE0 OSO, CA 95674 
(530) 556-23 18 FAX (530) 656-2 165 

CONDT'TION C3F APPROVAL PERMIT # U4-3-28-08 
Revised 3-35-09 

APPROVAL OF PERMK STJBMITTEL) E3r3xATE OF CALJFOITNIA 
DESNR7"hd.EEN'r OF TRAN_m13TA"TION IS APPROVED SUBJECT TO THE -" 

FOLLCI WING C0NDITXC)N'S: 

Any work performed under this pennit will constitute acceptance o f  thc foI.lowing 
CONDITIONS; 

1. Approval of this pennit by RELCIdAMATION DXS'TRICT 1 OO 1 (District) is 
conditional to the fact that the applicant shall, w1.1enever the sarne is requ.ired by 
law, secure the written order or consex~t to any work hereunder from a11y other 
Federal, State, Cnrrtlty ar.rd/c>r Publie Agency, 

2.  KECLAM.ATI:ON DISTRICT 1001 shall be rrotified fen (10) days in advance o f  
start of work. 

3, 'The Mana.ger of RECLAMATLUN DIS?'KICT I001 shaII act on behalf cjf the 
District to it~spect and approve all work pe~fnrmed under tihis pem~i t. 

4. Approval of this pennit of REC?I,AMAT'ION DISTRtC'I* 1001 docs not paat 
applicant pcmnission to cntcr up011 or construct any works upon any private and/or 
public lands without authorization. 

5.  The foregoing approx~al and consent are given upon the ut~derstrrnding that 
Applicax~t State of CA Dept of Trarzsportaticm s'tlall at: their sole cost and 
expe111se remove, alter, relocate or rccotlstruct all or any pal? of the woks herein 
approved immediately upon request of the u~~dersig~led District, should said 
works, or any portion thereof not eonfor~n to the application, or should they 
interfere wit11 the pmper operation or rr~aintenance of flood cu~ztml or reclamation 
works, or sl~ould jt be requircd under any flood ccr~llrol plans be]-eaftcr adopted by 
said Ilistx+id, and in case Applicant should refuse or delay acting upon any request 
for such removal, alteration, relocatiort or rcconst.rrrction, said District may 
proceecl to perform the required work and the cost tlrereof shalI be paid by 
Applicant upon demand. State of GA Dcpt of 7'ransportatir,~, the Applicant 
llercitl rrrrrned hereby accepts the autharixation of RECLAMA'X'ION IlISTR.IC'T 
I OOl  to proceed with the attached plans subject to t.he tenns and co~~ditions set 
forth, nrzd agrees to abide by said terms and cunciitizlns. and orr tl.leir own behalf 
and 0x1 bd~a i f  of suctsesst3rs, agents a ~ c t  assigns, waives all clriilns arising 
directly CIS indirect1 y out of any act, consellt or requirtmen2 the fieclarrration 



District, and for their self, their successors, agents and assigrzs agrees to hold 
hamllcss the said Reclamation District froixl nII clairils or des.~~axlds whatsocvcr 
arising out of the cor7struction or operation of the fitcilities herein refcrred to. 

6. 'I'he conditions of approval of this pennit by w R e c l a n 1 a t i c . 1 1 1  District 
100 1 may be appealetl to the Board of T~ustees of R.eclamaticsn District 1001. 
Appeal shall be written and filed prior to start wftvork or withiti 30 days of 
approval by Mariager. 

7. Access to levees -9 shall be provided at all times during 
cunstruction by way of cxistirlg Icvee access ramps upstream in the town of 
Nicolnus and dctwnstrearrz off Garderl Hwy. 

8. No "'stackpiXing" or depositinn at'coi~structior~ materials and/or debris on levee 
right of way shall be af Iowcd at any tirne witl~out writ ten authorizatint~ of 
Reclamation District 1OC)l's %*~'p"/Managr:rr 

9. Emergency access and an a11 weather crussil~g of center divide of highway sllall 
be provided from Highway 99 onto levee crown roa.dway at the upstream and 
dow~lstrearn junction of the Feather R.iver sc>urh levee and Highway 99 roadway 
upon completion of construction of a.ctivities and shall be a xninirnuxn width of 20 
fcct . 

10. Removable guardrail Tr)r acccss to Reclanlatinu D~strict No. 1001 {RD 1001). 
Levec patml roads fstrm Highway 99 slzall bc rctnovcd by Caf-Trans Maintenat~cc 
Departxne1-d personnel upon request by RD 1001's Manager wlwn the water level 
of Feather Rivcr at the NicoTaut; gauge, rcac1:cs eIevatia~~ 43.0 fcct USGS and/or 
when arr ernergcncy arises. Such request sl~all be made to Cal-Trans Maintenance 
Divisiclo in Marysvlllc, CA or tIzc afficc of thc Regional Maintmance Manager iii 
Sacramento, CA. Cal-'Trans maintenance personnel wilI promptly reiristat1 the 
rex-novable gpardraif, upnt7 nutificaticm that Il~e acccss js no longer needed by RD 
1001 's manager. Cal-'Trans pcrsa~~t~el shall remove said guardrails within eight 
(8) lztsurs of notification, 

I 1. During co~~structic.m applicant shall provide approved type barriers to cr);r.itroi the 
unauthorized use andfor access to levees. 

12. Cal-Trans sI.rall. pcl-petur3t.e ccsntinuu'ur; rock"'czn all areas ofv water side sIope of 
levce from a point-200 feet do.rvnst~-ea~n to I? point 200 fker upstream ofbridge 
crossing. Arr y area damagcd during constructinn will be rcpaired to its pre- 
existing eondit-i.011. wli2k. Materinl inust meet A m y  Coq3 of Etigineers 
specifications for rock slope pr.c~tcctjon on rivers to elevation 43.0 feet USGS. 

13. Any clisruibd as excavated areas within the le.\rcc section or near bridgu supports 
shall be backfilled in four (4) ro s ix  ((3) inch layers with agpmvcd materials and 
sl-rall be com.pact.ed r<:) a relative compaction c3T11ut Icss than ninety (90) percent 



PERMIT* CONDITIONS-Page 3 

(ASTM S tand~~r-d D- 1 55 7). €empisiM-W....----"'t.- 

, ! -  
. . 

, - .  
,>, . * ,  *- 

--&R&-B~~-G$& 
p f = = -  -**&e -5&x%pw*i-c:* i . i. 

%=am. 

f 4. CaI-Triuis shall m&d4 perpetun~c an all weaxher low-water maintamnce road on 
water side of' levee under bridge crctssing eontrecting existing lcvee palroI road. 
Should maintcnmct: road lye tlamagcd during construction, Cal--Trnt~s will rcpair 
to pre-existing ccrnditioi~. 

15. All n~atcrials for the construction of any maintenance mrnp shall be impoi-ted 
materials approved by District M Manager arrd 110 materials not approved by 
Dlst~jct M Manager sl~all be allowed. 

16. A copy o f  dlis permit and its conditions of approval shall bc on job site at all 
tirr?us. 

17. Prior to start of construction, resident engi&er for prr~ject shall meet with 
Reclaxn.ation District 1001 ~;t-& Manager far pre constructian inspection snct 
review of crznditions. 

18. Pwjpe- Cal-'Trans Resident Engineer for project shall f u n ~ i s h  
Reclamation District 1001 MM~nager, site pllone numbers and 24 hour 
emergency number for contact. 

,, 
10. Cal-Trans shall be the respoilsible party for the ren~ovil of any and alI debris that 

accurz~ulatcs c3n and/or a r o u ~ ~ d  bridge piers during construction. 



DEPARTMENT OF THE ARMY 
U.S. Army Engineer DistrfcJ, Sacramonto 

Corps of Engineers 
4 325 J Street 

Sacramanto, California 958149922 

REPLY TO 
AnCMIQW OF 

Flood Protection and Navigation Section (2  8469) 

Mr. Jay Punia, Executive Officer 
Central ValEey Flood Protectiun Board 
3310 El Camino Ave., Rm, LL40 
Sacramento, California 95821 

Exhibit 6 

Dear Mr. Punia: 

We have reviewed a permit application by the California Department of 
Transportation (application number 18469). This project includes constructing a 44.84- 
feet wide and 3,148-feet long pre-cast: concrete girder bridge across the ct~annel and 
ph i r ig  riprap an both the right and left bank levees of the Feather River. The proposed 
bridge includes fifteen bents, each with two T.5feeZ diameter cast in steal shell pilings, 
and two abutments and ptace rack riprap on the left and right banks. This project: is 
located in Nicalaus, at 38.901 GUN 121.5866"W NAD83, Sutter County, California. 

The District Engineer has no objection to approval of this application by your Board 
from a flood control standpoint, subject to the fallowing conditions: 

a. That during flood season, Navernber I to April 15, no work shall be performed 
in the levee sections and no stockpiles of material, temporary buildings or equipment 
shall remain in the floodway. 

b, That in the event trees and brush are cleared, they shall be properly disposed 
of either by complete burning or complete removal outside the limits af the project right- 
of-way. 

c. That the propossd bents far the bridge shalt be parallel to the direction af flow 
and be in-line with the piles/bents of the existing Highway 99 bridge. 

d. That drainage from the praposed bridge shall not direct water toward the levees 
without ensuring adequate erosion protection, 

e. That the bottom of the bridge soffit shall be at least 3-feet above the design 
water surface profile, which is referenced as 53.0-feet CUE datum in the Sacramento 
River Flood Control Project, Levee and Channel Profiles, file number 50-'I 0-3334, sheet 
3 of 4, dated March -Is, 1957. The Sacramento District of the Corps of Engineers is 
currently working to determine the exad relationship b~fween design profiles (which are 
referenced to a "Corps of Engineers Datum" or to a "U.S. engineering datum"), to 
NAVD88. 



f. Engineered fill for levee embankment construction shall be performed using 
USACE requirements, specifically as outlined in CESPK-ED-GS Standard Operating 
Procedure SOP3, which was pmvided to Cartrans on June 5, 2009. Fill shall have a 
plasticity index of 8 ta 40 and a liquid limit of less than 45. No particles shalt be greater 
than 2-inches in maximum diameter. At least 20% af soils shall pass the #2OQ sieve. 
The moisture condition of the fill during placement shail be at -2% to +2% of optimum 
maislure cantent (OMC) at 95% maximum density (MD), ASTM D698 Standard Proctor, 
or 0% to +4% QMC at 90% MD ASTM D l  557 Modified Proctor. 

g. Before installing driven piles, Caltrans shall r~quire the contractar to pre-drill 
oversize borings at least 6 inches larger in diameter than piles. Prc-drilling shall be 
performed to a depth in which stiff to hard clay material (ASTM 02488: CL, ML, CL-ML, 
MH, or CH) is no longer encountered, at least 25 feet below the levee foundation 
(approximate bottom of pre-drifled hole elevation, 40 feet for Abutment 1 and 22 feet for 
Abutment 17). Stiff to hard designation for clayey soils is defined far these purposes as 
normalized Standard Penetration Test Blnw counts (N6U) greater than 7. The annulus 
remaining after driving piles shall be  routed with cement-bentonite grout. 

h. Existing levee material may be reused as engineered fill within the levee, 
provided that organics, high-plastic clays (CM), oversize material (i.e., greater than 2- 
inches), trash, and other deleterious material are removed. 

i. Notify USACE Sacramento District geotechnical staff, Mr. Ed Ketchurn, 
(91 6) 557-5383, at least 5 business days pdor tT, initiation of pre-drilling, to coordinate 
an inspection of the levee conditions following the bcrings. 

j. That: the proposed bank protection work shall be placed uniformly and properly 
transitioned into t h ~  natural bank. 

k. That in the event erosion occurs at the site, the applicant shall repair the eroded 
areas and place adequate bank protection on the natural bank. 

I. That the proposed work shal! not interfere with the integrity or hydraulic 
capacity (320,000 cfs) of the flood damage reduction project: easement access; ar 
maintenance, inspection, and Rood fighting procedures. 

rn. That access shall be established andlor maintained to aflcrw continuous 
patrolling of the levee during periods of high water across the existing and proposed 
bridges. 



n. Preliminary analysis by USACE Sacramento District, based on the Sacramento 
District% hydraulic model, indicates the new bridge may result in a decrease in 
freeboard (above the design profile) to the point where it could be less than the 3.0 feet 
required far the Federal Project. The Sacramento District recommends approving this 
permit contingent upon CALTRANS ensuring the levee will still have at least 3.0 feet af 
freeboard, based on the 1957 design profile and a flow of 320,000 cfs. This hydraulic 
analysis must be approved by the USACE Sacramento District and consistent with the 
Sacramento District's own hydraulic analysis. This must be complete prior to the start 
of construction. The Board should also be aware that this bridge design may result in 
less than 3.0 feet af clearance between the 100-year flaw (329.8+l4,90 cfs according to 
MBK Engineers, as described in the Final Hydraulic Report for the bridge by 
CALTRANS Structure Hydraulics group) which is out of compliance with Titte 23. 

It is noted that the soffit of the  proposed bridge is less than 3-feet above the 2110- 
year water surface el.oxvatiot7. Tho Board should consider requiring the applicant to 
construct the bridge soffit at least 3-feet above the 200-year elevation if there are plans 
to increase the level of protection in this area. 

A copy af this letter is being furnished to Mr. Jeremy Arrich, Chief, Flood Project 
Integrity and Inspectian Branch, 3310 €1 Carnina Avenue, Suite LL30, Sacramento, CA, 
9582 1. 

Sincerely, 

Kevin Knuuti, P.E. 
Chief, Engineering Division 



State of California Business. Transportation and Iiot~sing Agency 

M e m o r a n d u m  

TO: REID RUELL 
Senior Engineering Geologist 
Office of Gcotcchnical Design North 

Attn: Ahu Barrie 

F1f.r your power! 
Br emrqy cfirieni! 

Date: May 23,2008 

File: 03 -SllT-99-PM 1 1 .O 
03-IA432 1 
Feather River l3r3gc - 
Bridge Number 18-0026R 

From: DEPARTMENT OF TRANSPORTATION 
Division of Engineering Services 
Geotechnical Services - MS 5 

Subject: Driveability Study for the Anchor Piles at Pier 12 

Attached is a report summarizing the results of the driveability anaEy sis perform by this Office for the 
anchor piles at Pier 1 2 of the above-refcrcnced prqiect. 

IFyou have any questions or comments regarding this report, please contact Taua Vang a t  (916) 227- 
1060. 

BRIAN LIEBICH, P.E. 
Senior Transportation Engineer 
Foundation Testing I3ranch 

Attachment 



FOUNDATION TESTING BRANCH 

May 23,2008 

Fcather River Bridge 
Bridge Number 18-0026R 

Driveability Study for Anchor Piles at Picr 12 



Foundat3on Testimg Brmch 

May 23,2008 

Project Information 

03-SUT-99-11.0 
03-1A4321 
Feather River Bridge 
Rridge Number 18-0026R 

Driveability Study: Anchor Piles at Pier 12 

Introduction 

This Ofice has performed the pile drivcability analysis for the proposed installation of the 48- 

inch diameter steel anchor pipe piles at Pier 12 of the above-referenced project. The analysis was 

bascd on the study requested by Mr, Abu Banic of the Office of Gcotechnical Design North on 

May 15, 2008, to support the foundation pile load test proposed at the location of Pier 12. 

Personnel from the Foundation Testing Branch (FTB) of the Office of Geotechnical Support 

performed the analysis utilizing thc G R L W E A P ~ ~  computcr program, Version 2005. This study 

provides the pile-driving systems to determine the appropriate hammer for achieving required tip 

elevations. 

Description o f  Piling 

The Feather River Rridge pile Ioad test program includes the proposed installation of the 48-inch 

diamctcr stccl anchor pipe piles at the control location of Pier 12. According to the Standard 

Specifications Section 49-5, ""Steel Piles", steel pipe piles diameter that is greater than 14-inch 

shall conform to the requirements of AS'I'M Designation A252, Grade 3; therefore, this study 

will assume the steel minimum yield strength (Fy) of 45 ksi (Grade 3) for the analysis. 

mhm 
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Subsurface Conditions and Soil Resistance Parameters 

Based on the sttbrnillcd Log of 'I'est Borings (LOTR), Boring 07-13-1 1 was uscd in thc analysis 

for the anchor piles at the control location of Pier 12. According to Boring 07-B-11, the 

foundation material at the site consists of loose to very dense sand, silty sand, sandy silt, fine 

sand with gravel and cobbles. Very soft cohesive soils (lean clay and silty clay) were 

encountered within the soil matrix at the upper strata and below the proposed tip elevation in the 

lower strata as shown in LOTI3 Boring 07-R-l l, For complete description of the subsurface 

conditions, please refer to the Log of Test Boring. TabIe I presents the soil resistance parameters 

that were utilized to mode1 the dynamic soil behavior. 

Table I: Soil Resistance Parameters 

Pile Driving Resistance 

PARAMETER 

Skin (Shaft) 

Toe 

- 

When installing driven piles, the piles must overcome resistance to penetration developed by the 

soil. The driving resistance determines the size of the required impact harnrncr and the stress 

magnitude imparted to the steel pile by the driving system. An estimate of driving rcsistance is 

necessary to perform a driveability study when investigating the potential for pile damage due to 

steel overstressing during driving. Driving resistance can bc related to static axial capacity using 

set-up and relaxation factors. These factors are applied to various soil layers penetrated whife 

driving the steel pile. There are scveral methods available to estimate the pilc static axial 

capacity and driving rcsistance. The methods will generally determine a range of axial capacities 

for a given pile penetration. To be conservative, pile tip elevations are generally based on lower 

estimates of static capacity, but higher capacity estimates are gcncrally used for the driveability 

analysis. 

r-y 

QUAKE 

0.10 in 

0.40 in 

G&m5 
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DAMJ'ING 

0.05 seclfi 

0.1 5 seclft 



The maximum driving resistance used in the analysis was based on infomation providcd by Mr. 

Abu Barrie. According to the GeotechnicaI Designer, maximum driving resistance for the anchor 

piles is estimated to be 3,300 kips. This value was based on the anticipated driving resistance 

that consists of approximately 90% skin friction and 10% end bearing. Since layers of soft lean 

clay and silty clay (approximately 22 fcet thick) were encountered within the embedded pile 

length, a set-up factor at this site is expected but given the length of piie rind the depth location of 

the clay soils, set-up should be minimal. 

Description of Pile Driving Systems 

This study involved modeling the performance of three selected driving systems to reflect the 

range of rated energies possibly appropriate for the installation of the 48-inch diameter steel 

anchor pipe piles to the specified tip elevation at the control location of Pier 12. 

The analyses were performed using G R I , W F A P ~ ~  recommended, default parameters. For each 

hammer, the analysis was performed with the hammer operating at maximum stroke for 

determining driving-behavior stresses imparted to the steel pile. The analysis also includes the 

assumption that two  (2) splices will be required at the approximate depth (pile length) of 50 feet 

and I00 feet. As a result, each hammer was utilized to demonstrate the predicted blow counts 

and corresponding maximum compressive stresses expected during pilc driving. Standard 

configurations for the hammer driving systems and related components were based upon 

information published in GRLWEAPTM literature and database. The hammer characteristics are 

listed in Table II for the anchor piles at Pier 12. 

Table 11: Summary of Hammcr Systems 
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Elam.mer~an~~fa.cturcr 

Hammer Model 

Hammer Typc 

Rated Energy 
. - - - - -- - 

Ra.mmWWej ~ h _ t  

Maximum Strokc - - - 

APK 
H-140 0 U 

Hydraulic Impact 

- 400.0 -- ft-kips -- 

80.0 k i ~ s  

5.0 ft 

P ) e l r n a ~ - M e n c k  
D 100-13 

Open End Diesel 

265.67 ft-kips 

22.1 kins 

13.5 fl 

MHU 400 

Ilydraulic Impact 

289.55 ft-kips 

50.7 k i ~ s  

5.7 A 



Discussion of Rcsults 

Analysis printouts and charts depicting predicted relationships bctwccn ultimalc capacity and 

driving stresses versus bIow counts for each of the hammers are incIuded in the appendix. 'The 

analyses results for the anchor piles at location of Pier 12 arc summarized in Table 111. 

Table 111: Summan of Results: Anchor Piles at Pier 12 

mhmf 
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Hammcr 

Manufactnrcr / 

Model 

Pile 
Thickness 
(inches) 

Delmag / D 100-13 1.50 146 

Menck / MHU 400 0.75 50 
- 

Blow 
Counts 

(blowstft) 

Delmag l D 100-13 

7.9 
- 

5.7 

42.75 

8.3 

22.36 

Stroke 
(") 

0.75 

3 1.94 

3 1 . 3  2 

30.43 

30.12 

Menck / MHU 400 33 42.75 

42.75 568 

8.0 

42.75 

Menck I MHU 400 

Menck / MHU 400 

APE I HI 400U 

29.46 

42.75 

42.75 

AltowabEe 
Coin pressive 

Stress at 95% Fy 
(ks i) 

Delrnag 1 IJ f 00-13 

32.86 
-- 

APE 1 HI 400U 

APE I HI[ 400U 

I 26.3 1 

24.19 

Corn pressive Stress at 
Maximum Stroke 

(ksi) 

1.25 

1.50 

0.75 

1.25 
---- 

--- 

1 .OO 

1.25 

26 42.75 
-- 

23 5.7 42.75 

1 69 
- 

39 

26 

8.0 

23 

-- - 
5.Q 42.75 

5 0 42.75 27.57 



Fourrdstt2o*r Testing ELrmch 

'Fhc GRLWEAPTM wavo equation program is n one-dimensional analysis and docs not consider 

buckling or bending of the pile due to non-unilbm bIows or localized stresses at the pile tip, 

which may occur during pile driving. Also, it has hccn abscrvcd in the field that significantly 
harder or softer driving could occur than the GR1,WEAPTM predictions. 

Anchor Piles at Pier 12 

Analvsis 1: Delrnag D 100-13; 48-inch diameter steel anchor pipe piles ~t 0.75-inch, 1.00- 

inch, 1.25-inch, and 1.50- inch shcll thickness 

'l'hc analysis for the Delrnag D 100- 13 indicates that this hammer would be capable of driving the 

steel anchor pipc pilcs within the alIowablc cornprcssivc stress of 95% Fy at the estimated 

driving resistance of 3,300 kips with the maximum stroke condition but would exceed the 

maximum allowable blow count limit (blowslft > 120). 

Analysis 2: PvIenck MHU 400; 48-inch diameter steel anchor pipe piles at 0.75-inch, 1.00- 

inch, 1.25-inch, and 1.50- inch shell thickness 

The analysis for the Menck MHU 400 indicates that this hammer would be capable of driving the 

steel anchor pipe piles within the allowable compressive stress of 95% Fy at the estimated 

driving resistance of 3,300 kips with the maximum strolte condition. 

Analysis 3: APE HI 400U; 48-inch diameter stcel anchor pipc piles at 0.75-inch, 1.00-inch, 

1.25-inch, and 1.50- inch shell thickness 

The analysis for the APE HI 400U indicates that this hammer would be capable of driving the 

steel anchor pipc piles within the allowable compressive stress of 95% Fy at the estimated 

driving resistance of 3,300 kips with the maximum stroke condition. 

Tt should be noted that all driving output data generated by the G R L W E A P ~ ~  Program presumes 

uniform hammer blows, with leads and hammer perfectly aligned. The analyses do not consider 

the effects of eccentric blows, malfunctioning hammers, or Contractor-selected reduction in fuel 

setting for Diesel hammers. Some Diesel hammers may exhibit operating efficiencies 

significantly lower than the theoretical 80% used in the analyses, subject to condition and 
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maintenance stdcs. Thc analyses also do not consider higher stresses, which could be induccd by 

bending, non-axial hammer alignment, or high local stress concentrations, and therefore should 

bc considercd as mi~~ imum valucs. 1,ocal pile damage can occur at thc pile tip duc to highly 

localized pile stresses caused by non-uniform rcsistance from sloping rock, boulders, cobbles, or 

obstructions: even if' the calculated average axial stresses are within the allowable Iimits. These 

stresscs cannot he predicted by wave cquatian analysis. 'The analysis results are only valid for the 

assumptions noted in the above sections and the soiI profile input provided. 

Conclusions and Recommendations 

Rased upon the results of the driveabiIity analysis with reference to the submitted information 

from the Geotechnical Designer, the following have been concluded: 

* Delmag hammer D 100-13 would be capable of driving the 48-inch diameter steel anchor 

pipe piles at 0.75-, 1.00-, 1 -25-, and I -5-inch shell thickness (Fy = 45 ksi) within the 

acceptable allowable compressive stress at the control location of Pier 12 but would exceed 

the maximum allowable blow counts limit (blowslit > 120). 

Menck hammer MSIU 400 would be capablc of driving thc: 48-inch diameter steel anchor 

pipe piles at 0.75, 1.00-, 1.25-, and 1 SO-inch shell thickness (Fy = 45 ksi) within thc 

acceptable allowable compressive stress at the control location of Pier 12. 

APE HI 400U would be capable of driving the 48-inch diameter steel anchor pipe piles at 

0,75-, 1 -00-, 1 -25-, and 1 SO-inch shell thickness (Fy = 45 ksi) within tljc acccptablc 

allowable compressive stress at the control location of Pier 12. 

* Piles shall be made using ASTM A 252, Grade 3 steel as per Section 49-5.0 1 of the Caltrans' 

Standard Specifications, or fabricated to specifications from steel of 50-ksi strength. 

A pile driving system submittal for this project is necessary upon harnrner(s1 selection. 'I'he 

driving system submittal must contain a driveability analysis showing that the proposed 

driving system will install all the piles to the specified tip elevations at acceptable sates of 

penetration without ovcrstressing the piles. 

m9ms 
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I-Tard driving conditions should bc anticipated duc to thc very dense nature or  the granular 

materials (gravel and cobbles). The possibility of boulders should also be anticipated and 

thcreforc a driving s l~oc  may be necessary. I'lcase rcfcr to thc I,og of Test I3orings for 

specific location and depths. The potential for center rclicf drilling should be addressed in 

the foundation recommendations. 

As onIy a limited number of large diameter (greater than 3.28 ft) steel pipe pile installation 

exist, thc behavior of thcsc piles during driving is not yet wcll docurncnted and has aficn 

psovccl unpredjctabIe. Therefore driving conditions during actual construction can differ 

significantly From those described in this report. 

If you have any questions or comments pertaining to this report, please contact Toua Vang at 

Transportat ion Engineer, Civil 

Foundation Testing Branch 

Office of Geotechnical Support 

Foundation Testing Branch 

Office of Geotechnical Support 
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APPENDIX 

Driveability Analysis 
Charts and Graphs 

Feather River Bridge 
Bridge Number 18-0026R 

Anchor Piles at Pier 12 
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California D.O.T. Geotechnical Services 
Feather River Pier 12 
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Capacity 

kips 

500.0 
1000.0 
1500.0 
2000.0 
2500.0 
3000.0 
33016.0 
4000.0 
4500.0 
5000.0 

Maximum 
Compression 

Stress 
ksi 

31.20 
30.98 
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30.70 
30.59 
30.49 
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30.27 
30.22 
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Tension 

Stress 
ks i 

Blow 
Count 

bllf! 
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ft 
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California D.O.T. Geotechnical Services 
Feather River Pier 12 

2 i -May-2008 
GRLWAP (TM) Version 2005 

APE HI 400U 

Stroke 
Efficiency 

Helmet 

Skin Quake 
Toe Quake 
Skin Damping 
Toe Damping 

Pile Length 
Pile Penetration 
Pile Top Area 

Pile Model 

0.00 kips 

Skin Friction 
Distribution 

13.3 26 7 40 0 53.3 66 7 80 0 Res. Shafl = 90 % i 
Blow Count (bllfi) (Proportional) 

I 
I 
I 
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California D.O.T. Geotechnical Senvices 
Feather River P~er 12 

2 1 -May-2008 
GRLWEAP (TM) Version 2005 

APE HI 400U 

Stroke 
Efficiency 

Helmet 

Skin Quake 
Toe Quake 
Skin Damping 
Toe Damping 

Pile Length 
Pile Penetration 
Pile Top Area 

Pile Model 

I 10 20 30 40 50 60 

! Blow Count (bfm) 
Res. ShaR = 90 % 
(Proportional) 

0.00 kips 

Skin Friction 
Distribution 
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State of California I3usincss. Transportation and 12ousing Agency 

M e m o r a n d u m  

TO: REIDBUELL 
Scnior Engineering Gcologist 
Office of Geotechnical Design North 

Attn: Abu Barrie 

F t a  your powrr? 
Re mergp rflrienr! 

Date: April 25, 2008 

File: 03-SUT-99-PM I 1 .O 
03-1 A432 1 
Feather River Bridge 
Bridge Number 1 8-0026R 

From: DEPARTMENT OF TRANSPORTATION 
Division of Engineering Services 
Geotechnical Services - MS 5 

Subject: Driveability Study 

Attached i s  a report summarizing the results of the driveability analysis perform by this Office for the 
subject piles of t11c above-refcrcnced pro-jcct. 

If you have any questions or comments regarding this report, pleasc contact Toua Vang at (91 6 )  227- 
lOGO or James Ta, P.E. at (916) 227-1050. 

BRIAN L,IEBFCJ-1, P.E. 
Senior Transportation Engineer 
Foundation Testing Branch 
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Proiect Information 

03-SUT-99-PM 1 1 .O 
03-1A4321 
Feather River B r i d ~ e  
Bridge Number 1 8-0026R 

Subject 

Driveability Study 

Introduction 

This Office has performed the pile driveability analyses for the proposed installation of the 90- 

inch diameter steel pipe pilcs at the abutment and pier locations of the ahovc-referenced project. 

The analyses were based on the study rcqucsted by Mr, Abu Barrie of the Office of GcotechnicaI 

Design North on March 10, 2008, to support thc rotmdation rccommcndations. Personnel from 

the Foundation Tcsling Branch (FTl3) of the Officc of  Geotechnicnl Support performed thc 

analysis utilizing the G R L W E A P ~ ~  computer p r o g m ,  Version 2005. This study provides the 

pile-driving systems to determine the appropriate hammcr for achieving required tip clcvations. 

Description of Piling 

The Fcather River Bridge project includes the proposed installation o f  the 90-inch diameter stcel 

pipc piles at the abutmcnt and pier locations. According to thc Standard Specifications Section 

49-5, Steel Piles, "Steel pipe piles shall conform to the folIowing requirements: 2) Steel pipe 

piles 360 rnm (14-inch) and grcater in diameter shall conform to thc requircmcnts in ASTM 

Designation: A252, Grade 3'" therefore, this study will assume the steel minimum yield strength 

of 45 ksi (Gradc 3) l'or the analysis. 



Foundation XestSmg J S r s a ~ ~ a h  

Subsurface Conditions and Soil Resistance Parameters 

Based on the submitted Log of Test Rorings (LOTR) performed at these control locations (North 

Bank, South Bank, and Channel), three test borings were arraly~xd for this study. Boring B-16 

was drilled within the north bank abutment location, Roring B-1 was drillcd within the south 

bank abutment location and Boring B-8 was drilled within the channel location of Pier 11. 

According to Borings B-1, R-8 and B-16, the foundation material at the site consists of loose to 

very dense sand, silty sand, sandy silt, fine sand with gravel and cobbles. Very stiff cohesive 

soils were encountered within the soil matrix in the lower strata of Roring B-8. Table I presents 

thc soil resistance parslmctcrs that werc utilized to model the dynamic soil behavior. 

Table I: Soil Resistance Parameters 

Pile D r i r i n ~  Resistance 

Whcn installing driven piles, the piles must overcome resistance to penetration developed by thc 

soiI. The driving resistance determines the size of the required impact hammer and the stress 

magnitude imparted to the steel pile by the driving system. An estimate of driving resistance is 

necessary to perform a driveability study when investigating the potential for pilc damage duc to 

steel overstressing during driving. Driving resistance can be related to static axial capacity using 

set-up and relaxation factors. Thcsc factors are applied to various soil layers penetrated whilc 

driving the steel pile. There are several methods available to estimate the pile static axial 

capacity and driving resistance. The methods will generally determine a range of axial capacities 

for a given pile penetration. To be conservative, pilc tip elevations are gencrally based on lowcr 

estimates of static capacity, but higher capacity estimates are generally used for the driveability 

DAMPING 

0.05 seclft 

0.15 seclft 

PARAMETER 

Skin (Shaft) 

Toe 

analysis. 

QUAKE 

0.10 in 

0,75 in 

&%wt5 
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The maximum driving resistances used in the analyses were based on information provided by 

Mr. Abu Harrie, According to the Gcolcchnical Designer. the maximum driving resistance for 

the subject piles is estimated to he 6,000 kips. This value was based on the anticipated driving 

resistance that consist 60% to 30% from skin friction (Qs) and 40% to 10% from end bearing 

(Qp), at thc abutment and pier locations. 'The set-up factor at this site is expected to be minimal 

and therefore negligible due to the presence of non-cohesive (granular) soils within the 

embedded length of the pile. 

Description of Pile Driving Systems 

This study involved modeling the performance of threc selected driving systems to reflect Ihe 

range of rated encrgies possibly appropriate for the installation of the 90-inch diameter steel pipe 

piles to the specified tip elevations at the abutment and pier locations. 

The analyses were performed using GRLWEAP"'~ recommended, default parameters. For each 

hammer, the analysis was performed wit11 thc hammer operating at maximum strokc for 

determining driving-behavior stresses imparted to the steel pile. The analysis also indudes the 

assumption that two (2) splices will be required at Ihe approximate depth Cpilc length) of 50 feel 

and 100 feet. As a result, each hammcr was utilized to demonstrate the predictcd blow counts 

and corresponding maximum compressive stresses expected during pile driving. Standard 

configurations for thc hammer driving systcnls and related components were based upon 

information published in GRLWEAPTM literature and database. The hammer characteristics are 

listed in Table I1 for the abutment and pier piles. 

Table 11: Summary of Hammer Systems 

l a w l s  
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Menck 

MWU 400 -- - 

Hydraulic Impact 

289.55 %kips 

50.7 kips - ." 

5.7 Ft 

Delrnag 

D 100-13 - 

Open End Diesel 

265.67 tt-kips 

72.1 - -- kips 

10.7 fi 

Hammer Manufacturer 

Hammer Model 

Hammer Type 

Rated Energy 

Ram Wcipht 

Maximum Stroke 

APE 

ti I 400U .- 

tlydraulic Impact - - 

400.0 fi-kips 

80.0 -- -- kips 

5.0 f% 



Discussion of Results 

Analysis printouts and charts depicting predicted relationships between ultimate capacity and 

driving stresses versus blow counts i'or each of the hammers arc included in Appendix A, I3 and 

C. The analyses results of the tl~rec control locations at the North Rank, South Bank and Channel 

arc summarized below in Tables 111, IV and V Tor the subject piles, respectively. 

Table 111: Summary of Results at the North Bank (B-16) 

lZlribanr 
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Hammer Manufacturer / 
Modcl 

Delrnag S D t 00-13 

Dclmag / D 100-13 

Delrnag I D 100-1 3 18.89 

Menck I MHU 400 

APE I HI 4QOU 

Pile 
Thickness 
(laches) 

1.25 

Blow 
Counts 

(Blows/ft) 

528 

strakc 
(rt) 

10.3 

AlIowable Stress 
at 95% F, 

(ks i) 

42.75 
P 

Compressive Stress at 
Maximum Stroke 

(ksi) 

22.29 



F o u n d a t J o n  TestfllgBra=tm& 

Table JV: Summaw of liesults at the South Bank ('B-1) 

Table V: Surnrnarv of Results at the Channel (B-8) 

Delmag 1 D 100-13 2.00 jQ5 '"." 42.75 17.68 
.--- - - -.+- -" 

Menck / MHU 400 

Menck / MHU 400 
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1.25 

1.50 

Hammer Manufacturer 
l Model 

Delmag I' D 100-13 

Delrnag I D 100-13 

Mcnck J MHU 400 1.75 80 5.7 42.75 --- 
Menck I MHU 400 2.00 8 I 5.7 42.75 

Delmag / D 100-13 1.75 
- 

Pile 
Thickness 
(Inchcs) 

1.25 

1 .SO 
P 

Blow 
Caunts 

(Blowslft) 

636 

5 06 

APE I W14QOU 

APE / HI 400U 

APE I HI 400U 

94 

83 

stroke 
(rt) 

10.3 

10.3 

42.75 

42.75 

5.7 

5.7 

1.25 

1.50 

1.75 

27.55 

26.48 

APF: / HI 400U 

AlIowable Stress 
a t  95% F ,  

(ksi) 

42.75 

42.75 

77 

64 

60 
P 

23 -69 

Compressive Stress at 
Maximam Strakc 

(ksi) 

22.34 

20.43 

5 

5 

5 

42.75 

42.75 

42.75 

25-44 

24.84 

24.25 -- 



F o ~ d a t S o m  T e s t S n g g B r - - o h  

Table V (Continue): Surnrnarv of Results at the Channel (B-8) 

The GRLWEAPTM wave equation program is a one-dimensional analysis and does not consider 

buckling or bending OF the pilc due lo non-unilbrm blows or localized strcsscs at thc pile tip, 
which may occur during pile driving. Also, it has been observed in the field that signifjcantly 
harder or softer driving could occur than the GRI,WEAFrM predictions, 

Menck I MHU 400 

North Rank and South Bank 

Menrk / MHU 400 

APE I # 1 400U 

APE 1 ill 400U 

APE I HI 400U 

APE I HI 400U 

Analysis 1: DeImag D 100-13; 90-inch diameter steel pipe piles at 1.25-inch, 1.50-inch, 1.75- 

inch, and 2.00- inch shell thickncss 

The analysis for the Delrnag D 100- 13 indicates that this hammer would be capable of driving the 

slteel pipe piles within the allowable compressive stress of 95% Fy (0.95 *45=42.75 ksi) with the 

estimated 6,000 kips driving resistance at thc maximum stroke condition but would excecd thc 

maximum allowable blow co~lnts limit (blowlft > 120). 

2.00 

1.25 

1.50 

1.75 

2.00 

- 
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80 

77 

64 

59 

58 

5.7 

5 

5 

5 

5 

42.75 

42.75 

42.75 
--- 

42.75 

42.75 

24.79 

25.85 

25.19 

24.58 

23.98 



Analysis 2: Menck MHU 400; 90-inch diameter steel pipe piles at 1.25-inch, 1.50-inch, 

1.75-inch, and 2.00-inch shell thickness 

The analysis for the Menck MHU 400 indicates that this hammer would be capable of driving the 

steel pipe piles within the allowable compressive stress of 95% Fy (0.95*45=42.75ksi) with the 

estimated 6,000 kips driving resistance at the maximum stroke condition. 

Analysis 3: APE HI 40QU; 90-inch diameter steel pipe piles at 1.25-inch, 1.50-inch, 1.75- 

inch, and 2.00-inch shell: thickness 

The analysis for the APE FII 40OU indicates that this hammer would be capable of driving the 

steel pipe piles within the allowable compressive stress of 95% Fy (0.95*45=42.75ksi) with the 

estimated driving resistance of 6,000 kips at the maximum stroke condition. 

ChanneI (Pier Location) 

Analvsis 4: Delmag D 100-13; 90-inch diameter steel pipe piles at 1.25-inch, 1.5binch, 1.75- 

inch, and 2.00-inch shell thickness 

'I'he analysis For the Delmag D 100-13 indicates that this hammer would bc capable of driving thc 

steel pipe piles within the allowable compressive stress of 95% Fy (0.95*45=42.75ksi) with the 

estimated 6,000 kips driving resistance at the maximum stroke condition but would excecd thc 

maximum allowable blow counts limit (hlowslft > 120). 

Analysis 5: Menck MHU 400; 90-inch diameter steel pipe piles at 1.25-inch, 1.50-inch, 

1.75-inch, and 2.00-inch thichess 

The analysis for the Menck M W  400 indicates that this hammer would be capable of driving the 

steel pipe piles within thc allowable compressive stress of 95% Fy (0.95*45=42.75ksi) with the 

estimated 6,000 kips driving resistance at the maximum stroke condition. 

&hww 
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Analysis 6:  APE HI 400U; 90-inch diameter stcel pipe piles at 1.25-inch, 1.50-inch, 1.75- 

inch, and 2.00-inch shell thickness 

The analysis for thc APE HI 400U indicates that this hammer would be capable of driving the 

steel pipe piles within the allowable comprcssive stress of 95% Fy (0.95*45=42.75ksi) with the 

estimated driving resistance of 6,000 kips at the maximum stroke condition. 

It should be noted that all driving output data generated by the G R L W E ~ ~  Program presumes 

uniform hammer blows, wit11 lcads and han~rner pcrScclly aligncd. Thc analyscs do not consider 

the effects of eccentric blows, malfunctioning hammers, or Contractor-selected reduction in fuel 

setting for Diesel hammers. Some Diesel hammers may exhibit operating efiicicncics 

significantly lower than the iheoretical percentage used in the analyses, subject to condition and 

maintenance states. The analyses also do not consider higher stresses, which couId be induced by 

bending, non-axial hammer alignment, or high local strcss concentrations, and therefore should 

be considered as minimum values. Local pile damage can occur at the pile tip due to highly 

localized pile stresses causcd by non-unil'orm resistance from sloping rock, boulders, cobblcs, or 

obstructions, even if the calculated average axial stresses arc within the allowable limits. These 

stresses cannot be predicted by wave equation analysis. The analysis results are onIy valid for the 

assumptions noted in the above sections and the soil profile input provided. 

ConcTusions and Recommendations 

Based upon the results of the driveabili~y nnalysis with rcfcrcnce to thc subrnittcd infomation 

from the Geotechnical Designer, the following have been concluded: 

Delmag hammer D 100-1 3 would be capable of' driving the 90-inch diameter steel pipe piles 

at 1.25, 1.50-, 1.75-, and 2.00-inch shell thickness (Fy=45ksi) within the acceptable 

allowable compressive stress at the north bank. south bunk, and channel (picr) locations but 

would exceed the maximum allowable blow counts limit (blowslfeet > 120). 

Menck hammer M W  400 would be capable of driving the 90-inch diameter steeI pipe piles 

at 1.25-, 1.50-, 1 . 7 5 ,  and 2.130-inch shcIl thickness (Fy=45ksi) within the acceptable 

allowable comprcssive stress at the north bank, south bank, and channel (pier) locations. 

CZLHSnns 
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APE FR 400U would be capable of driving the 90-inch diameter steeI pipe piles at 1.25-, 1 . 5 ,  

1.75-, and 2.00-inch shell thickness within the acceptable allowable compressive stress at the 

north bank, south bank, and channel (pier) locations. 

Piles shall be made using ASTM A 252 Grade 3 steel as per section 49-5.01 of the Caltrans' 

Standard Specifications. 

A pile driving system submittal for this prqject is necessary upon harnmer(s) selection. The 

driving system submittal must contain a driveability analysis showing that the proposed 

driving systcm will install all the piles to the specified tip eIevations at acceptable rates of 

penetration without overstressing the piles. 

Hard driving conditions should be anticipated due to the very dense nature of the granular 

materials (gravel and cobbles). Please refer to the Log of Test Rorings (1,OTR) for specific 

location and depths. Center relief drilling may be necessary and this issue should be address 

in thc foundation recommendations (if applicable). 

As only a limited number of large diameter (greater than 1 meter) and very few extremely 

large diamctcr (greater than 3 meters) pipe pile installations exist, the behavior of thcsc piles 

during driving is not yet well documented. Therefore driving conditions during actual 

construction can differ significantly from thosc described in this report. 

I f  you have any questions or comments pertaining to this report, please contact Teua Vang at 

T a //-,.' 

TOUA YANG 

Transportation Engineer, Civil 

Foundation Testing Branch 

Office of Geotechnical Support 
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APPENDIX A 

Driveability Analysis 

Charts and Graphs 

Feather River Bridge (North Bank) 

Bridge Number 18-0026R 
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Ultimate Compression 
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Capacity 

kips 

Maximum 
Compression 

Stress 
ksi 
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GRLWEAP (TM) Version 2005 
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f! 

Energy 
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California D.O.T. Geotechnical Services 
Drive Study (North Bank P-27 B-16) 

Maximum 
Ultimate compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

b llft 

25-Apr-2008 
GRLWEAP (TM) Version 2005 

Stroke 
ft 

Energy 
kips-ft 



California D.O.T. Geotechnical Services 
Drive Study (North Bank P-27 B-16) 

25-Apr-2008 
GRLVVEAP (TM) Version 2005 

DELMAG Dl 00-1 3 

Efficiency 

Helmet 

Skin Quake 
Toe Quake 
Skin Damping 
Toe Damping 

Pile Length 
Pile Penetration 
Pile Tap Area 

Pile Model 
Skin Friction 
Distribution 

\ 

200 400 600 800 1000 1200 Res. Shaft= 90 % 
Blow Count (bllft) (Proportionav 
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California D.O.T. Geotechnical Services 
Drive Study (North Bank P-27 5-1 6') 

Maximum 
U Rirnate Compression 
Capacity Stress 

kips ks i 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

blfft 

25-Apr-2008 
GRLWEAP (TM) Version 2005 

Stroke 
ft 

Energy 
kips-f! 



DELMAG 01 00-1 3 

Efficiency 

Helmet 

Skin Quake 
Toe Quake 
Skin Damping 
Toe Damping 

Pile Length 
Pile Penetration 
Pile Top Area 

25-Apr-2008 
GRLWEAP (TM) Version 2005 

0.00 kips 

Pile Model 
Skin Friction 
Distribution 

0 200 400 600 800 1000 1200 Res. Shaft = 90 % 
Blow Count (blm) (Proportional) 
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California D.O.T. Geotechnical Services 
Drive Study (North Bank P-27 B-16) 

Maximum 
Ultimate Compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

blfft 

14-Apr-2008 
GRLWEAP (TM) Version 2005 

Stroke 
f-t 

Energy 
kips-ft 
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California D.O.T. Geotechnical Services 
Drive Study (North Bank P-27 B-16) 

Maximum 
Ultimate Compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

blfft 

14-Apr-2008 
GRLWEAP (TM) Version 2005 

Stroke 
ft 

Energy 
kips-ft 
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California D.O.T. Geotechnical Services 
Drive Study (North Bank P-27 8-16) 

Maximum 
Ultimate Compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

blfft 

14-Apr-ZOO8 
GRLWEAP (TM) Version 2005 

Stroke 
ft 

Energy 
kips-fl 





California D.O.T. Geotechnical Services 
Drive Study (North Bank P-27 B-16) 

Maximum 
Ultimate Compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

blfft 

14-Apr-2008 
GRLWEAP (TM) Version 2005 

Stroke 
fl 

Energy 
kips-ft 
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California D.O.T. Geotechnical Services 
Drive Study (North Bank P-27 B-16) 

Maximum 
W ltimate Compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

bllft 

26-Mar-2008 
GRLWEAP (TM) Version 2005 

Stroke 
f l  

Energy 
kips-ft 



Cairfornia D.0  T Geotechnical Services 26-Mar-2008 

Drlve Study (North Bank P-27 5-16) G R L W A P  (TM) Vers~on 2005 
- _ - -  _ _ _. . _ -- 

60 APE HI 400U 

5.00 ft 

1 
Stroke 

I 
I -  - -  

Efficrency 0 800 I 
10 Helmet 0.00 kips 
F 
i5 

36 r Skin Quake 0.105 In 

9 
V )  Toe Quake 0.750 In 
c 

I 0 
Skin Darnp~ng O 050 seclfl 

I 5 Toe Damping 0 150 seclfl 

i 
.- 24 I 

Pile Length q40 00 fi 
I I Pile Penetration 140.00 ft 

P~ le  Tap Area 348 52 in2 
12 

m 

, ..I---- 
Skrn Friction 0 1  L -. - 

Pile Model Distribution i 

Res. Shaft = 60 % 
Blow Count Ibllft) (Proportional) 



California D.O.T. Geotechnical Services 
Drive Study (North Bank P-27 B-16) 

Maximum 
Ultimate Compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

b llft 

26-Mar-2008 
GRLWEAP (TM) Version 2005 

Stroke 
ft 

Energy 
kips-ft 
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California D.O.T. Geotechnical Services 
Drive Study (North Bank P-27 B-16) 

Ultimate 
Capacity 

kips 

500.0 
1500.0 
2500.0 
3500.0 
4500.0 
5500.0 
6000.0 
7500.0 
8500.0 
9500.0 

Maximum 
Compression 

Stress 
ksi 

25.31 
25.20 
25.13 
25.06 
25.00 
24.95 
24.93 
24.89 
24.87 
24.85 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

bllft 

26-Mar-2008 
GRLWEAP (TM) Version 2005 

Stroke 
f l  

Energy 
kips-ft 



California 5.O.T. Geotechnical Services 
Drive Study (North Bank P-27 B-16) 

Maximum 
Ultimate Compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

bllfl 

26-Mar-2008 
GRLWEAP (TM) Version 2005 

Stroke 
ft 

Energy 
ki ps-ft 
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APPENDIX B 

Driveability Analysis 

Charts and Graphs 

Feather River Bridge (South Bank) 

Bridge Number 18-0026R 
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California D.O.T. Geotechnical Services 
Driveability Study South Bank (P-5 B-I) 

Maximum 
Ultimate Compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

blfft 

25-Apr-2008 
GRLWEAP (TM) Version 2005 

Stroke 
ft 

Energy 
kips-ft 



California D.O.T. Geotechnical Services 
Driveability Study South Bank ($3 B-1) 

25-Apr-2008 
GRLWEAP (TM) Version 2005 

Efficiency 0.800 

Helmet 0.00 kips 

Skin Quake 
Toe Quake 
Skin Damping 
Toe Damping 

Pile Length 740.00 fl 
Pile Penetration 140.00 fl 
Pile Top Area 552.92 in2 

Pile Model 
Skin Friction 
Distribution 

0 200 400 800 800 1000 1200 Res. Shaft = 90 % 
Blow Count (bllff) (Proportional) 



California D.O.T. Geotechnical Services 
Driveability Study South Bank (P-5 B-I $ 

Ultimate 
Capacity 

kips 

500.0 
21 00.0 
2700.0 
3360.0 
3900.0 
4500.0 
5100.0 
61000.0 
6500.0 
7000.0 

Maximum 
Compression 

Stress 
ksi 

t 8.26 
19.77 
20.04 
20.19 
20.25 
20.18 
20.23 
20.34 
20.50 
20.47 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

blfft 

25-Apr-2008 
GRLWEAP (TM) Version 2005 

Stroke 
fi 

Energy 
kips-ft 
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California D. O.T. Geotechnical Services 
Driveability Study South Bank (P-5 B-I)  

Maximum 
Ultimate Compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

bllft 

25-Apr-2008 
GRLWEAP (TM) Version 2005 

Stroke 
ft 

Energy 
kips-ft 



California D.O.T. Geotechnical Services 
Driveability Study South Bank (P-5 B-I) 

25-Apr-2008 
GRLWEAP (TM) Version 2005 

OELMAG D l  00-3; 3 

Efficiency 

Helmet 

Skin Quake 
Toe Quake 
Skin Damping 
Toe Damping 

Pile Length 
Pile Penetration 
Pile Toa Area 

Pile Model 

0.00 kips 

0.100 in 
0.750 in 
0.050 se& 
0.150 sedft 

Skin Friction 
Distribution 

600 800 1000 1200 Res. Shaft = 90 % 
Blow Count (bllff) (Proportional) 

-. -- .. 



California D. O.T. Geotechnical Services 
Driveability Study South Bank (P-5 B-1 $ 

Ultimate 
Capacity 

kips 

Maximum 
Compression 

Stress 
ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

bllfl 

25-Apr-2008 
GRLWEAP (TM) Version 2005 

Stroke 
ft 

Energy 
kips-ft 



California D.O.T. Geotechnical Services 
Driveability Study South Bank (P-5 B-1) 

25-Apr-2008 
GRLVVEAP (TM) Version 2005 

DELMAG Dl 00-1 3 

Efficiency 

Helmet 

Skin Quake 
Toe Quake 
Skin Damping 
Toe Damping 

Pile Length 
Pile Penetration 
Pile Top Area 

Pile Model 

0.00 kips 

Skin Friction 
Distribution 

0 200 400 600 BOO 1000 1200 Res. Shaft = 90 % 
i Blow Count (bllft) (Proportional) 
I - -- -- - - 



California D.O.T. Geotechnical Services 
Driveability Study South Bank (P-5 8-1) 

Maximum 
Ultimate CompresSion 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

b Ilft 

14-Apr-2008 
GRLWEAP (TM) Version 2005 

Stroke 
ft 

Energy 
kips-ft 



California D.O.T. Geotechnical Services 
Driveability Study South Bank (P-5 B-1) 

14-Apr-2008 
GRLWEAP [TM) Version 2005 

MENCK MHU4DO 

Stroke 
Efficiency 

Helmet 

Skin Quake 
Toe Quake 
Skin Damping 
Toe Damping 

Pile Length 
Pile Penetration 
Pile Top Area 

Pile Model 

0 50 100 150 200 250 300 

Blow Count (blM) 
Res. Shafl= 70 % 
(Proportional) 

0.00 kips 

Skin Friction 
Distribution 



California D.O.T. Geotechnical Services 
Driveability Study South Bank (P-5 B-l) 

Maximum 
'Ultimate Compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

bllfl 

14-Apr-2008 
GULWEAP (TM) Version 2005 

Stroke 
ft 

Energy 
kips-ft 
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California D.O.T. Geotechnical Services 
Driveability Study South Bank (B-5 5-1) 

Maximum 
Ultimate Compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

bllft 

14-Apr-2008 
GRLWEAP (TM) Version 2005 

Stroke 
ft 

Energy 
kips-fl 



California D.O.T. Geotechnical Services 
Driveabil~ty Study South Bank (P-5 B-I) 

14-Apr-2008 
GRLVVEAP (TM) Version 2005 

MENCK MHU400 

Stroke 
Efficiency 

Helmet 

Skin Quake 
Toe Quake 
Skin Damping 
Toe Damping 

Pile Length 
Pile Penetration 
Piie Top Area 

Pile Model 
1 

1 0 40 80 120 160 200 240 

Blow Count (bllff) 
Res. Shaft= 70 % 
(Proportional) 

0.00 kips 

Skin Friction 
Distribution 



California D.O.T. Geotechnical Services 
Driveability Study South Bank (P-5 &-I) 

Maximum 
Ultimate Compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

blfft 

14-Apr-2008 
GRLWEAP (TM) Version 2005 

Stroke 
ft 

Energy 
kips-ft 
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California D.O.T. Geotechnical Services 
Driveability Study South Bank (P-5 B-I) 

Maximum 
Ultimate Compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

bllft 

03-Apr-2008 
GRLWEAP (TM) Version 2005 

Stroke 
ft 

Energy 
kips-ft 





California D.O.T. Geatechnical Services 
Driveability Study South Bank (P-5 B-I) 

Maximum 
Ultimate Compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

bllft 

03-Ap t-2008 
GRLWEAP {TM) Version 2005 

Stroke 
f i  

Energy 
kips-ft 
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California Q.O.T. Geotechnical Services 
Driveability Study South Bank (P-5 B-I} 

Ultimate 
Capacity 

kips 

1500.0 
21 00.0 
2700.0 
3300.0 
3900.0 
4500.0 
5100.0 
6000.0 
6500.0 
7000.0 

Maximum 
Compression 

Stress 
ksi 

24.90 
24.76 
24.63 
24.54 
24.44 
24.35 
24.30 
24.25 
24.23 
24.22 

Maximum 
Tension 

Stress 
ksi 

Blow 
Count 

bllft 

03-Apr-2008 
GRLWEAP (TM) Version 2005 

Stroke 
ft 

Energy 
kips-ft 



Lo- 
w 7 
0 ' -- m 
5 Y 
mk - 
2% .- 
r m 
r m 
Y 
2 5  
0 3 

$:: 
. h 

k y  
oti 
ria m, 
.- 
c ll - m g y 
5s 

LO 
0. C\I 

e 
00 0 0000 O O ?  

Olnmm O 0  rn a - '?9-; o o l r j  .C f;; 
a o o e  2 2 %  0 



California D.O.T. Geotechnical Services 
Driveability Study South Bank (P-5 B-I) 

Maximum 
Ultimate Compression 
Capacity Stress 

kips ksi 

Maximum 
Tension 

Stress 
ks i 

Blow 
Count 

b lift 

03-Apr-2008 
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driveability study 
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driveability study 
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driveability study 
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GRLWAP (TM) Version 2005 
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driveability study 
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Feather River 
Bridge No. 18-0026 R 
03-SUT-99- P.M. 12.03 
EA 03- 1A4321 

Revised Hydrology & Hydraulics Report 

General 

This is the Revised Final Hydraulic Report for the proposed Feather River 
Bridge (Br. No. 18-0026), located a t  PM 12.03 on State Route 99 near Nicolaus in 
Sutter County. The project proposes to improve the existing State Route 99, 
starting from PM 10.9 and ending a t  PM 14.7 in Sutter County. The existing 
highway will be converted from two lanes to four lanes with a continuous median 
and left turn lanes. A new Feather River Bridge (Br. No. 18-0026R) will be 
constructed parallel to the existing Feather River Bridge. 

All reference data and calculations of this hydraulic report are obtained from 
the following sources: 

Hydraulic and Hydrologic Documentation for FEMA Certification of Three 
River's Levee Improvement Authority Project prepared by MBK 
Engineers, dated December 2006. 
Floodplain Information- Feather River, Nicolas-CA prepared by Corps of 
Engineer, U.S. Army dated November 1968. 
Floodplain Study prepared by District 3 dated April 24, 1992. 
Preliminary Hydraulic Report prepared by Structures Hydraulics Office 
dated October 3,2000. 
A field inspection was conducted by Structure Hydraulics on May 1,2007 
Caltrans Bridge Maintenance Records (BIR'S) 
HEC-RAS Ver. 3.1.3, a hydraulic modeling computer program 
As-Built Plans for the Feather River Bridge dated 1011956 
General Plans provided by Structure Design North, Branch 1,dated May 
30,2008 
Temporary construction configuration plans provided by Structure Design 
North, Branch 1,dated June 08,2008 
2007 Channel cross-sections provided by Preliminary Investigations North 
dated May 2007 

Note: 
All calculated elevations in this report are based upon the 
General Plan for the Feather River Bridge dated 05/30/2008, and 
the NGVD29 reference datum. Please verifv datum references to 
the Final Design Plans and make elevation adjustments as 
required. 

1 



Feather River 
Bridge No. 18-0026 R 
03-SUT-99- P.M. 12.03 
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Existing Structure 

The existing Feather River Bridge (Br. No.18-0026) was built in 1958 by 
Caltrans. It has 31 P C P s  girder spans. Both abutments and Pier 2 are founded on 
Raymond step taper piles and all other piers are founded on P C P s  concrete piles. 
The bridge has a total length of 3186 ft with an original width of 32.2 ft. The bridge 
was widened at  the south side in 1999 to make a new total width of 43.6 ft. The 
Bridge Inspection Report dated January 20, 2005 from the Office of Special 
Investigation, Hydraulics Branch has determined that the bridge remains scour 
critical. The Item 113 code is 7, "Countermeasures have been installed to mitigate 
an existing problem with scour and to reduce the risk of bridge failure during a 
flood event. Instructions contained in a Plan of Action have been implemented to 
reduce the risk to users from a bridge failure during or immediately after a flood 
event". Sheet pile encasements were installed around Piers 13 and 14 to address 
scour due to channel migration. No additional work is needed for the existing 
structure, but the existing structure should be monitored for changes in the channel 
conditions. 

Proposed Structures 

The new Feather River Bridge (Br. No. 18-0026 R) is a 16 span Precast 
Spliced, Modified Bulb Tee Girder Bridge on two 7.5' diameter CISS Piles, and seat 
type abutments. Span configuration: 152'-6" and 115'-6" end spans and 13 spans @ 
210' plus one span @ 150'. It has a total length of 3148 ft and 41.8 ft in width. 

Basin 

The watershed is approximately 5,372 square miles above its mouth at  the 
town of Verona and with an additional 550 square miles from the Bear River 
system; a principal tributary located to the east of the Feather River. Between 
Marysville and Verona, the stream travels southerly about 28 miles along confined 
levees through flat terrain. The floodway width varies from 2,600 to 7,000 feet. 
Snowmelt and rain from Bear River would affect the water surface elevation of the 
Feather River as well as the flow from the upper part of the Sutter Bypass. The 
Sutter Bypass is a natural flood overflow channel that carries excess flow from the 
Sacramento River. Flows are moderated by the multiple reservoirs and dams; the 
Oroville, Marysville and New Bullards Bar reservoirs were built to control the flow 
during the extreme flood season. Feather River starts in the snowfields of the 
northern Sierra Nevada, ranging in elevation from 8000 feet to the flat valley land 
at  35 feet. The mean annual rainfall at is about 20 inches near the bridge site and 
90 inches along the ridges near the West Branch headwaters of the North Fork 
Feather River. The maximum precipitation record was 165 inches, which occurred 
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at LaPorte in the 1910 to 1911 wet season. The watershed is covered by farmland in 
the valley areas and thick forest in the mountain areas. The climate is 
distinguished by hot and dry summers and cool wet winters. The average 
temperature in the basin ranges from 96°F in summer to 27°F in winter. Rainstorms 
normally occur between November to April and have caused flooding many times in 
the past before the damlreservoir system was in place. 

Discharge 

The discharge at  the bridge or the released water regulated by reservoirs is 
about 320,000 cfs, obtained from a study prepared by Corps of Engineers, U.S. 
Army in 1968 for the California Reclamation Board, Sutter and Yuba Counties 
under title "Flood Plain Information of Feather River near Nicolaus, California". 
Recently, MBK Engineers completed a study "Hydraulic and Hydrologic 
Documentation for FEMA Certification of Three River's Levee Improvement 
Authority Project" in December 2006, and in the report, the discharge at  the 
existing Feather River Bridge was increased to 329,814.90 cfs. The Corps of 
Engineers, U.S. Army requires using the approved discharge of 320,000 ft3/s for 
calculations. 

Stage 

HEC-RAS Version 3.1.3 - streambed analysis computer programs were used 
for the water modeling and bridge scour calculations. The Manning's roughness 
coefficient (0.027 to 0.055) was taken from 2000 and 2007 field inspection reports. 
Preliminary Investigations North provided channel cross-sections. The General 
Plans from Structure Design North, Branch 1,dated May 30, 2008, was used for the 
bridge model. Channel migration, minor channel degradation and moderate debris 
condition were considered for the scour calculation. The estimated high water 
elevation at the upstream face of the structure based on is shown in TABLE 1. 

I Pre- condition 1 49.37 ft 1 7.43R (At the existing bridge) I 

TABLE 1 
Design Flood 1 100-year storm 

320,000 ft3/s 

I Post- condition 1 49.38 ft 1 3.62 ft (At the proposed bridge) I 

WS. Elevations. 
(Upstream side) 

Available Freeboard 
(Base on lowest calculated soffit) 
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This hydraulic study shows that there will not be any significant increase on 
the base floodwater surface elevation in the area of the proposed project within the 
existing floodplain condition. 

Streambed 

The streambed of the Feather River consists of mostly loose sand with very 
little cohesive material. The stream channel slope at  the site is relatively flat at 
both upstream and downstream segments of the proposed site. Channel migration 
has occurred in the past. The riverbank had migrated northward as the result of 
many large floods in earlier years, probably during 1955 to 1965. The thalweg had 
moved northward about 320 feet in the period of 31 years from 1956 to 1987, but it 
has stabilized, slowing its migration in the last 20 years. Minor channel migration 
still occurs although the channel seems laterally stable. For more information on 
the channel bed composition and its depths, please refer to the Log of Test Borings 
provided by the Foundation Investigation Branch, Division of Geotechnical Services 
for this project. 

Velocity 

Under the estimated channel discharge, the maximum velocity is 7.6 fus, and 
the average velocity is 5.0 fus. 

Waterway 

The proposed structure will be sufficient to pass the 100-year discharge plus 
adequate freeboard. The minimum waterway area is 65,000 ft2. 

Bridge maintenance records are available for the existing Feather River 
Bridge (Br. No. 18-0026). According to these records, moderate to large drift have 
been found around various piers and debris removal has been recommended several 
times. During the field investigation in May 1,2007, trees up to 1.5 ft in diameter or 
larger were observed in front of Piers 13 to 15, at  the upstream side of the bridge. 
One foot of debris width will be added at  each side of the pier for pier scour 
calculations. 

Minimum Soffit Elevation 

The Feather River is in the State Reclamation Board's adopted designated 
floodways of the Central Valley. The Board requires that the soffit of the proposed 
bridge at the major waterway should be at least 3.0 feet above the water surface 



Feather River 
Bridge No. 18-0026 R 
03-SUT-99- P.M. 12.03 
EA 03- 184321 

elevation for the 100-year discharge (see California Code of Regulation by 
Reclamation Board, Title 23, Division 1, Vol. 32, Section 128). The calculated 100- 
year water stage elevation is 49.38 ft, and the minimum allowable soffit elevation at  
the upstream side of the proposed structure is 52.38 ft. 

Bridge Skew and Hydraulics Skew 

There is zero bridge skew for both proposed and existing structures. Five 
degrees of hydraulic skew was used to calculate potential scour for pier design. 

Scour and Channel Degradation 

Based on available records from 1956 to 2007, the channel is considered 
laterally and vertically unstable. Channel degradation was observed and recorded 
from 1956 to the present time. Between 1956 to 1987, the thalweg has dropped 10 ft 
in elevation and moved 320 ft northward. Channel degradation and migration rates 
were slowed after 1987 at  a rate about 0.1 foot per year. Future degradation for the 
estimated 75-year design lifespan of the proposed structure was calculated at 
approximately 5.0 ft. This value was used in estimating the total scour in this 
report. Maintenance records showed the existing structure has significant local 
scour history at  Piers 13 and 14 due to the high water velocity during the big storms 
in the past years. The maximum local scour is anticipated at  Piers 4 to 7 of the new 
structure. The total local pier scour depth is about 12.50 ft for the 7.5 ft diameter 
columns. The potential total pier scour depth (total local pier scour plus assumed 
future degradation) is 17.50 ft. Potential debris loading is considered in the scour 
calculation by adding the columns diameter two feet. The upstream cross sections 
were provided by the Preliminary Investigations North survey dated May 2007. The 
final supported elevation for all pier and abutment foundations should be consulted 
with the Geotechnical Branch. The anticipated scour depths are shown on TABLE 2. 

TABLE 2 

Thalweg Elevation (2007) 
11.80 ft 

Projected 75-yr Thalweg Elevation (2082) 
6.80 ft 

Scour Elevation (Max) 
-0.70 ft 

Scour Elevation (2082) 
-5.70 ft 
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Bank Protection 

Channel migration is influenced by flow velocity and bed materials. Loose 
sands cannot resist the high water velocities during a big storm discharges. It is 
difficult to predict outcomes due to the channel recharge process. Structure 
Hydraulics recommends placing the RSP at the abutment slopes. The rock size is 
provided in TABLE 3. District will determine whether bank protection is required 
at the roadway approaches. 

TABLE 3 

Note: The minimum recommended rock weight is l/4 ton at easy access areas to 
prevent illegal removal of the material out of the site. 

Recommendation for RSP rock size 
Outside layer 

Inner layers RSP -Class 
Backing Class No. 

RSP Fabric 
Method of Placement 

Total minimum thickness 

Flood Plain Encroachment 

The proposed project is in the flood hazard areas inundated by the 100-year 
flood. The zoning is "ZONE A ;  no base flood elevation determined as shown on 
Sutter County, California Flood Insurance Rate Map (FIRM), Community-Panel 
Number 060394-0200 B, dated April 5, 1988. The entire proposed bridge lies within 
the State Reclamation Board designated floodway and will require a permit. 

Ton 
?4 Ton 
None 
1 or 2 

A 
B 

4.55 ft 

Hydrology study for Interim construction stage 

Thickness 
3.3 ft 

1.25 ft or 1.80 ft 

The Department of Water ResourcesIUS Army Corps of Engineers 
(DWR/COE) has made an additional request for design information regarding flow 
elevations during the construction phase of this waterway. Structure Design North, 
Branch 1 provided temporary construction configuration plans for a four-season 
construction project. The hydraulics models for the most likely conditions during 
construction were studied for two different scenarios; Two- Phase and Single phase. 
In Two- Phase, Stage 1 starts from Abutment 1 to Pier 9 and Stage 2 runs from Pier 
9 to Abutment 17. The bridge with the temporary falsework configuration has more 
restraints than the finished structure because the increased number of temporary 
support girders (assumed 8 ft in width) in the channel will reduce the waterway. To 
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ensure the backwater does not affect the existing structure downstream and 
significantly change the expected water level, the models with add-on temporary 
false work supports were studied using five different scenarios: 2-year storm, 5-year 
storm, 10-year storm, 50-year storm, and a 100-year storm. The results are listed on 
TABLE 4. For comparisons the difference between the Pre-condition and Interim 
construction methods, please refer TABLE 5. 

TABLE 4 
Existing Feather River Bridge (Br. No. 18-0026) 

(Up stream side) 

Events 
2-year storm 
5-year storm 
10-year storm 
50-year storm 
100-vear storm 

New Feather River Bridge (Br. No. 18-0026R) - Two phases 
Stage 1 (Up stream side) 

Discharge (Ws) 
82,000 
122,000 
152,000 
272,000 
320.000 

5-year storm 

WS Elev. (ft) 
32.41 

Events 
2-year storm 

10-year storm 
50-year storm 
100-year storm 

I 5-vear storm I 122.000 I 4.78 I 36.66 I 

Average 
Velocity. (Ws) 

5.01 
5.06 
4.75 
4.91 
5.21 

122,000 

New Feather River Bridge (Br. No. 18-0026R) - Two phases 
Stage 2 (Up stream side) 

I 10-sear storm I 152.000 I 4.60 I 39.46 I 

WS Elev. (ft) 
32.35 
36.64 
39.43 
47.39 
49.37 

Discharge (ft3/s) 
82,000 

I 

152,000 
272,000 
320,000 

Events 
2-vear storm 

Average 
Velocity. (Ws) 

5.08 
5.10 

I 100-sear storm I 320.000 I 5.27 I 49.42 1 

36.70 
4.83 
5.08 
5.42 

Discharge (ft3/s) 
82.000 

I 50-year storm I 272,000 

39.48 
47.40 
49.39 

Average 
Velocity. (Ws) 

4.69 

4.93 

WS Elev. (ft) 
32.37 

47.42 
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Note: Discharges (2-year to 50-year) were calculated with USGS FLOOD FREQUENCY 
EQUATION and compared the results with the GAGE METHOD (USGS Gage # 11425000) 
using whichever is greater. 

New Feather River Bridge (Br. No. 18-0026R) - Single phase 
(Assumed 2 ft wide &2 ft high debris at theup stream side) 

TABLE 5 
New Feather River Bridge (Br. No. 18-0026R) - Interim phase 

(Up stream side) 
Average 

Events 
2-year storm 
5-year storm 
10-year storm 
50-year storm 
100-year storm 

Discharge (ft3/s) 
82,000 
122,000 
152,000 
272,000 
320,000 

Events 
Pre Condition 

2 - Phases- Stage 1 1 320,000 

From the results of the study, the difference of the water surface elevations and 
velocities between the existing and proposed structures is minor and the resulting 
backwater is considered not significant during the Interim construction period. 

Average 
Velocity. (Ws) 

4.93 
4.92 
4.71 
5.24 
5.58 

Discharge (ft3/s) 
320,000 

2 - Phases- Stage2 
I 

Sincle phase 

WS Elev. (ft) 
32.77 
37.15 
40.00 
47.36 
49.37 

5.42 

Velocity. (Ws) 
5.21 

49.39 
320,000 
320.000 

WS Elev. (ft) 
49.37 

5.27 
5.58 

49.42 
49.37 
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Summary Information for the Bridge Designer 

Below is a summary of key design parameters based on the hydrology and 
hydraulic analysis performed for this structure: 

lood plain data are based upon information available when the plans were prepared and are shown to 

All calculated elevations in  this report are based on the General Plans from 
Structure Design North, Branch 1, and dated 05/30/2008. 
Potential Scour Elevation=Local Scour Elevation-5 f i  for future degradation. 



State of California 
Department of Transportation 

Business, Transportation and Housing Agency 

M e m o r a n d u m  

TO: MR. JEFF SIMS 
Senior Bridge Engineer 
Structure Design North, Branch 1 

Attention: Greg Jones 

D& June 5,2009 

FLle: 03-SUT-99-PM 12.03 
03-1A4321 
Hwy 99 Widen, Seg 2 
New Feather River Bridge 
Br. No. 18-0026R 

From: DEPARTMENT OF TRANSPORTATION 
DMSION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES - MS 5 

Subject: Amended Foundation Report (FR) 

Foundation Recommendations 

This amends portions of the Foundation Report dated August 7, 2008 for Feather River 
Bridge (18-0026R) due to comments by the United States Army Corps of Engineers 
(USACE). The USACE has requested pre-drilling of Abutments 1 and 17 for depths of 
approximately five feet and 20 feet, respectively. The memo revises portions of the FR 
date August 7, 2008 to reflect this change. The proposed new Feather River Bridge 
structure, as indicated on the Feather River Bridge General Plan dated November 29, 
2007, may be supported on Class 140 pipe piles at Abutments 1 and 17 according to the 
table below. 

Table 1 

Notes: 
I )  Design tip elevations are controlled by: (a) Compression, (c) Settlement, respectively. 

The specifed tip elevation shall not be raised above the design tip elevations for tolerable settlement. 

''Cnlfrm i m p m  mobility m s s  Calfornia" 



Mr. Jeff Sims 
June 5,2009 
Page 2 

Construction Considerations 

New Feather River Bridge 
Bridge No. 18-0026R 

All piles at Abutments 1 and 17 of the proposed new bridge shall be driven in oversized pre- 
drilled holes according to the provisions of Section 49-1.06 of the Caltrans Standard 
Specifications (May 2006) except for the following: 

After driving the pile, the space around the pile shall be filled (sealed) to ground surface by 
cement-bentonite slurry. The cement-bentonite slurry shall be placed by the tremie method. 

If you have anjr questions or require additional information on this subject, please contact Abu 
Banie at 916-227 1043, or Reid Buell at 916-227 1012. 

Table 2: Elevations of Pre-drilled holes 

Report by 

Support Location 
Abutment 1 . 

Abutment 17 

Engineering Geologist 
Office of Geotechnical Design-North 

Re-drilled elevation (feet) 
40.0 
20.0 

c: R.E Pending 
Structure OE (E-copy) 
PCE ( E - ~ ~ P Y )  
DME (E-copy) 
GDN File 
GS File 

REID BUELL, C.E.G NO. 1481 
Senior Engineering Geologist 
Office of Geotechnical Design-North 

"CdLrans improves mobility across Ccllifornin" 



State of California Business, Transportation and Housing Agency 

M e m o r a n d u m  Flex your power? 
Be e~rergy.efflcieent! 

TO: MR. JEFF SIMS Date: April 28, 2008 
ENGINEERING SERVICES 
DNISION OF STRUCTURE DESIGN-MS 9 411 1G ~ i l e :  03-Sut-99-PM 12.03 
OFFICE OF BRIDGE DESIGN-NORTH 03-1A4321 
BRANCH 1 Feather River Bridge 

Br. No. 18-0026R 
Attention: Mr. Greg Jones 

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES - MS 5 

I 
OFFICE OF GEOTECHNICAL DESIGN - NORTH 

Subject: Final Seismic Design Recornrriendations, and Soil Springs 

This report presents the final seismic design recommendations, and soil springs for the 
Feather River Bridge located on State Highway 99 in Sutter County. Please note the soil 
spring data were e-mailed to you on April 16 and 18.2008. 

Based on Caltrans California Seismic Hazard Map 1996, the controlling fault for the site 
is Dunnigan Hills (style of faulting: reverse, including thrust) with a maximum credible 

-- - pp - - -- pp -- - - -. -- -- - -- - - - - - - - . -- - - -. -- 

earthquake moment magnitude of M,=6.5, and is located about 30 km southwest of the 
site. The peak horizontal bedrock acceleration based on the above map is estimated to be 
0.2g. There is no known active fault crossing the bridge site, therefore, the potential for 
surface rupture at the site is considered insignificant. 

I 

- 

Based on the LOTB, a Caltrans Seismic Design Cri te~a Acceleration Response Spectrum 
corresponding to soil profile Type D is recommended for design (see Figure 1 in 
Appendix A). 

Geology 1 

<I 
Based on a recent foundation investigation cbnducted by our office i n  July through I 

September 2007, the foundation materials generally consists of loose to very dense 11 
granular silt, sand, and gravel interbedded with soft to hard clay. 

1 

Seismic Study I 
I 
I 



Liquefaction Study 

A detailed liquefaction analyses were performed for all support locations based on the 
recommendations outlined in the report eittitled "Surnrnary Report from the 1996 NCEER 
and 1998 NCEERLNSF Workshops on Evaluation of Liquefaction Resistance of Soils." 

The completed analyses indicate the underlying loose granular materials have potential to 
liquefy during a strong ground shaking. Table shows the extent of the liquefiable 
layer(s) . 

Soil Springs . 

The soil spring analyses were performed for two loading conditions. The first condition 
was based on when no channel degradation has taken place. The second case was 
analyzed when channel degradation has occurred to an elevation of 7 feet as provided by 
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Mr. Steve Ng of Hydrology/Hydrauli@s Office in a report entitled 'Tina1 Hydraulics 
Report for Feather River" dated July 11,2007. 

Therefore the lateral resistance (p-y curve) for the proposed 7.5' CISS pile were estimated 
for the two loading conditions. The p-y curves were generated using soil models included 
in the documentation for the computer program LPILE (Ensoft In@., May 1997). The 
relevant soil parameters were estimated from correlations with Standard Penetration 
Testing (SPT) blow counts, and from soil descriptions contained in the field logs. 

Please note that group reduction factor (GW) for p-y curves has not been imposed. GRF 
should be applied after the pile layout is finalized. A GRF of 0.4 should be applied for 
the pile center-to center spacing of 2D, where D is the pile diameter. A GRF of one 
should be used for the pile spacing of 5D or greater. Use linear interpolation for pile 
spacing between 2D and 5D. 

The axial and tip resistances, (t-z and q-z curves) for the proposed pile foundation of 7.5' 
CISS were also performed for the two loading conditions using the procedures outlined in 
the American Petroleum Institute Recommended Practice. 

Please .note the p-values through the liquefiable soils have been reduced. to a residual 
strength o f  20%; whereas the axial and tip resistances ( t  and z values) have been 
completely ignored through the same liquefiable layers. The plots and tabulated data for 
all p-y, t-z and q-z are attached in Appendices B, C and D. 

If there are any questions regarding the 
Mahallati at (91 6) 

Reza-Mahallati -___-___ - - - - - - - - 

Senior Materials and Research Engineer 
Office of Geotechnical Design North ' 

Attachments 
1- Appendix A - ARS Curve 

design, recommendations, please contact 

@ ,: rer 
E= 5 No. 49374 4 = F  

2- Appendix C - t-z curves 3- Appendix D - q-z Curves 

c: Abu Barrie - (OGD-N), OGDN File 

Reza 
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Appendix B 

Lateral Resistance, p-y Curves 

Loading Condition: 
With and Without Channel Degradation 

"Caltrans improves mobility across California" 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

-El- Elev -24 to -30 (CL) 

I I 

Post-Liquefaction " - Liquefiable Layer 

p-y Curves py Pier 2 no deg.xis py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

+I- Elev 21 to 16 (S M) 

- 2 r  Elev 16 to 7 (SP) 

-+Elev 7 to -1 (SP) 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

p-y Curves py Pier 3 no deg.xls py chalt 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

180 

160 -~ 

140 -. 

120 - 
100 

Z 80 
P 

60 --E-Elev 7 to 1 (SM) 

40 
-A- Elev 1 to -6 (SP) 

-4- Elev -6 to -1 0 (SP) 
20 

- I + Elev -1 0 to -20 (SP) 
o i b % L d o 4 t !  , !  2 8 ? #  ! >  8 c a b 4 4 b 3 4 #!I 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (fi) 

1,800 

1,600 

1,400 

1,200 - 5 1,000 .- 
5 800 
P -El- Elev -34 to -40 (GP) 

600 -A- Elev -40 to -50 (SM) 
400 --9-- Elev -50 to -60 (SP) 

200 Elev -60 to -70 (SP) 

0 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (fi) 

I I 

Post-Liquefaction ' - Liquefiable Layer 

p-y Curves py Pier 4 no deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

- 100 
s 

80 - 
60 %*Elev 7 to 0 (SP) 

40 -A-*Elev 0 to -8 (SP) 

20 
+ Elev -8 to -15 (SP) 

0 

Elev -28 to -33 (SPIGP) 

I -+-Elev -63 to -73 (SPIGP) 1 
+Elev -73 to -83 (SPIGP) 
-6- Elev -83 to -93 (SPIGP) 

--+ Elev -93 to -1 03 (SPIGP) 

p-y Curves py Pier 5 no deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

-6-*Elev -17 to -22 (SP) 

-A- Elev -22 to - 
+Elev -27 to - 

I 

Post-Liquefaction * - Liquefiable Layer 

p-y Curves py Pier 6 no deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

350 
-PA-- 

300 - 

---- 

+*Elev 17 to 7 (SP) 

%Elev 7 to -3 (SP) 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (ft) 

2,000 

1,800 

1,600 

1,400 - 1,200 5 2 1,000 - 
Q 800 -E- Elev -38 to -48 (GPISP) 

600 -A-Elev -48 to -58 (SP) 

400 -43- Elev -58 to -68 (SPIGP) 

200 

0~~~ m ~ 4 1 4 ' . ~ ! 4 ' s ~ ! 4 4 m 4 ! m c ~ ~ ~ c . ~ ' ! ' . 8 ~ ~ r . ' 4 ~ 4 ~ 8 ~ ~  v 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (ft) 

I I 

Post-Liquefaction * - Liquefiable Layer 

p-y Curves py Pier 7 no deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

Elev 31 to 24 (SM) 

*Elev 24 to 14 (ML) 

%Elev -1 3 to -1 8 (SMIML) 

I 
Post-Liquefaction " - Liquefiable Layer 

p-y Curves py Pier 8 no deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

--El-Elev 31 to 24 (SP) 

+*Elev 24 to 17 (ML) 

+*Elev 17 to 12 (ML) 

Elev -3 to -1 3 (CL) 
-A-Elev -1 3 to -23 (SPIGP) 
-+Elev -23 to -33 (SP) 

Elev -63 to -73 (SP) 

Post-Liquefaction - Liquefiable Layer 

4/28/2008 10:37 AM p-y Curves py Pier 9 no deg.xls py chart 



Feather River Bridge 
Br. No. 48-0026R 

03-4A4321 

-El- Elev -8 to -1 3 (SPIGP) 
-A-Elev -13 to -18 (SPIGP) 
+ Elev -18 to -28 (SPJGP) 

p-y Curves py Pler 10 and 11 no deg.xls py chart 1 



Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 

-+-*Elev 36 to 31 (SM) 
10 % Elev 31 to 23 (CL) 

--A- Elev 23 to 15 (CL) 
5 + Elev 15 to 7 (CL) 

n 

600 

500 

400 

300 --El- Elev -9 to -1 9 (GM) 

200 

100 

0 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (ft) 

2,500 

2,000 

p 1,500 
n .- 
Y 

pp 2,o.o.o 
--.8--- Elev -59 to -64 

500 

0 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

p-y Curves py Pler 12 no deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

--El- Elev 28 to 21 (CL) 

-6-Elev 21 to 13 (CL) 

-+*Elev 13 to 7 (ML) 

Elev -16 to -31 (GP 
Elev -31 to -36 (SP 

Elev -36 to -46 (SP 

I I 
Post-Liquefaction * - Liquefiable Layer 

-- 

p-y Curves py Pier 13 no deg.xls py chalt 

-A- Elev -76 to -86 (SM 



Feather River Bridge 
Br. No. 18-0026R 

03-184321 

43- Elev 29 to 22 (CL) 
-J+ Elev 22 to 14 (CL) 
-6-*Elev 14 to 7 (ML) 

% Elev -1 6 to -31 (GP) 

1,600 

1,400 

1,200 

- 1,000 
s g 800 - 

600 

400 Elev -77 to -82 (SP) 

200 

0 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

I I 

Post-Liquefaction * - LiquefiableLayer 

p-y Curves py Pier 14 no deg.xls py chart 



Feather River Bridge 
Br. No. 18-002613 

031444321 

1,000 

900 

800 

700 - 600 s 
$ 500 - 
n 400 43- Elev -17 to -22 (SP 

300 -mt- Elev -22 to -32 (SP 

200 + Elev -32 to -42 (SP 

100 

0 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (ft) 

p-y Curves py Pier 15 no deg.xls py chart 



Feather River Bridge 
Br. NO. 18-0026R 

03-lA4321 

-EI-*Elev 22 to 17 (ML) 

**Elev 17 to 12 (ML) 

-+ Elev 12 to 7 (SM) 

-3- Elev -73 to -83 (SP) 

I I 

Post-Liquefaction * - Liquefiable Layer 

p-y Curves py Pier 16 no deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

p-y Data py Pier 2 no degds Output Data 



Feather River Bridge 
Br. No. 18-0026R 

03-1444321 

4t2812008 10:36AM p-y Data py Pier 3 no deg.xls Output Data 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

I 

( y (ft) 1 Elev -20 to -$4 (SP) I y (ft) I Elev -34 to -40 (GP) I y (ft) I Elev -40 to -50 (SM) I y (ft) I Elev -50 to -60 (SP) I y (ft) I Elev -60 to -70 (SP) I 

p-y Data py Pier 4 no dql.xIs Outpul Data 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

p-y Data py pier5 no deg.xls oulpul Dala 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

I 4/28/2008 1037 AM p-y Data PY Pier 6 no degds Output Data 



Pier 7 - No Degradatic - - - -- -- - - 
Sta. 

y (ft) klev -28 to -38 (C 

0.000 
0.015 
0.030 107 

y (ft) Elev -78 to -88 

0.000 0 
0.015 327 
0.030 578 
0.045 740 
0.060 881 
0.075 1,009 
0.090 1,127 
0.125 1,376 
0.225 2,046 
0.281 2,422 
0.450 2,422 
0.750 2,422 

Note: p (kiplft) 

Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

p-y Data py pier 7 no deg.xls oulpll Data 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

p-y Data w Pier 8 m d q d s  Oulpul Dala 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

p-y Data w Pier 9 no d q l l s  Output Data 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

Piers I O  and 11 - No ~Qnradation O.G. Pile 

p-y Data py Pier loand 13 nodeg.xls ou~pvt Dala 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

p-y Data py Piw 12 no deg.xl~ outpul Data 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

- -  

I y (ft) I Elev -6 to 116 (ML) I y (ft) I Elev -16 to -31 (GP) 1 y (ft) I Elev -31 to -36 (SP) I y (ft) 1 Elev -36 to -46 (SP) I y (ft) I Elev -46 to -56 (SP) ( 

Note: p (kiplft) 

p-y Data py Pier 13 no deg.xls Outpul Dala 



Pier 14 - No Deg - "-  
Sta. 

y (ft) I Elev -6 

0.000 
0.015 
0.030 
0.045 
0.060 
0.075 
0.090 
0.125 
0.225 
0.281 
0.450 
0.750 

0.000 
0.015 
0.030 

0.075 
0.090 
0.125 
0.225 
0.281 
0.450 
0.750 

Note: p (kiplft) 

Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

-62 (GP) I y (ft) I Elev -62 to -67 (CL) I y (ft) 1 Elev -67 to -77 (SM) I y (ft) I Elev -77 to -82 (SP) I y (ft) 1 Elev -82 to -87 (SP) 1 

p-y Data py Piw 14 na deg.xls Oulpul Dala 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

p-y Data py Pier IS no d e g . ~ ~  outpu~ Dala 



Pier 16 - No Dei - - -- --- - 
Sta. 

y (ft) I Elev : 
0.000 
0.015 
0.030 
0.045 k 0.060 

Note: p (kiplft) 

Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

8 (ML) I y (ft) I Elev -8 to -13 (CL) 1 y (ft) I Elev -13 to -23 (SP) I y (ft) I Elev -23 to -33 (SP) I y (ft) I Elev -33 to -43 (SP) 1 

-53 (SP) I y (ft) I Elev -53 to -63 (SP) I y (ft) I Elev -63 to -73 (SP) I y (ft) I Elev -73 to -83 (SP) ( y (ft) I Elev -83 to -93 (SP) I 

Post-Liquefaction 
s --- 

p-y Data w P ~ T  16 no de9 .d~  O U I ~ U ~  Dala 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

+*Elev 7 to 2 (SPIML) 

--H-Elev 2 to -8 (SP) 

-A- Elev -8 to -1 6 (SPIGP) 

+3- Elev -1 6 to -24 (CL) 

7%- Elev -42 to -52 (SP) 

r , , , , , . . . . ,  

p-y Curves py Pier 2 with deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

Elev -55 to -60 (GW) 

p-y Curves py Pier 3 wilh deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

200 

150 

100 --El- Elev 1 to -6 (SP) 

+ Elev -6 to -1 0 (SP) 
50 + Elev -1 0 to -20 (SP) 

n 

--.$-- Elev -1 05 to -1 10 (SP) 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (ft) 

p-y Curves py Pier 4 with deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

Elev -43 to -53 (SPIGP) 

3,000 

2,500 

2,000 

P % 1,500 - +Elev -73 to -83 (SPIGP) 
P -R- Elev -83 to -93 (SPIGP) 

1;ooo + Elev -93 to -1 03 (SPIGP) 
-+- Elev -1 03 to -1 13 (CL) 

500 

0 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

I I 

Post-Liquefaction * - Liquefiable Layer 

412812008 10:43 AM p-y Curves py Pier 5 with deg.xls py chart 



Feather River Bridge 
Br. No. 18-002613 

03-1A4321 

120 

100 

80 

r? 
$ 60 - 
n 

40 
-A- Elev -2 to -7 (SP) 

20 -4-Elev -7 to -12 (SP) 

Elev -1 2 to -17 (SP) 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (ft) 

%Elev -81 to -91 (GP) 
-A-Elev -91 to -98 (SMIML) 

- 

-+- Elev -98 to -1 03 (CL) 

I I 

P~st~Liquefaction * -Liquefiable Layer 

p-y Curves py Pier 6 with deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

400 - 

350 - 

300 

, 250 
G .p 200 - 

150 -43-*Elev -3 to -13 (SP) 

100 

50 

0 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (fi) 

2,500 

2,000 

- 1,500 s n .- 
?5 
0. 1,000 

-A- Elev -58 to -68 (SPIGP) 

500 

0 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (ft) 
I 

-43- Elev -93 to -98 (SMISC) 

+ Elev -98 to -1 03 (CL) 
Elev -1 03 to -1 08 (CL) 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

p-y Curves py Pier 7 with deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

300 

250 - g 200 
P .- 
2 150 

-El- Elev -3 to -1 3 (CL) 
100 

50 

0 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (ft) 

2,000 

1,800 

1,600 

1,400 - 1,200 s g 1,000 - 
n 800 

600 Elev -53 to -63 (SP) 

400 

200 

0 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (ft) 

-I 

--t Elev -78 to -83 (SP) 
- 

ppppp 

-5- 
-A- 
-4- - 

+ 

p-y Curves py Pier 8 wilh deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-184321 

% Elev -3 to -1 3 (CL) 

-A- Elev -1 3 to -23 

2,500 

2,000 

- 1,500 s 
0. .- 
Y 
n 1,000 % Elev -53 to -63 (SP) 

500 

0 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (fi) 

p-y Curves py Pier 9 wilh deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

--E+"Elev 2 to -3 (MUSM) 

**Elev -3 to -8 (MLISM) 

I I A 

800 - I I Y t 
P 
3 + Elev -1 8 to -28 (SPIGP) - 600 -El- Elev -28 to -38 (SP) 

--B- Elev -38 to -48 (SPIGP) 

-6- Elev -48 to -58 (SP) * 

-43- Elev -78 to -88 (SP 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (ft) 

1 
Post-Liquefaction ' - Liquefiable Layer 

p-y Curves py Pier 10 and 11 with deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 

400 

350 

300 

, 250 s g 200 - 
a 150 --El--Elev -3 to -9 (SMISC) 

100 Elev -9 to -1 9 (GM) 
Elev -1 9 to -29 (GM) 

50 

0 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

1,600 

1,400 

1,200 

, 1,000 s g 800 - 
a 600 

Elev -54 to -59 (SPISM) 
400 

200 

0 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (ft) 

p-y Curves py Pier 12 wllh deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

-El- Elev -6 to -1 6 (ML) 

--&- Elev -16 to -31 (GP) 

-+- Elev -31 to -36 (SP) 

+ Elev -36 to -46 (SP) 

I I 

Post-Liquefaction ' - Liquefiable Layer 

p-y Curves 

I 

2,500 - 

py Pier 13 with deg.xls py chart 

Q .- 
d + Elev -91 to -96 (SP) 

I- - - ----. 
- - -- - -. -- -- 

-8- 
* 
-e- - 
Jlt 

~ ~ ~ 7 1 A r ' .  ' $ ' I  b 3 r n I t 4 m .  r t 2 a I s 4 ' m l s r m 3  

2,000 - -  

1,500 - s 

-- 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

Elev -62 to -67 (CL) 

p-y Curves py Pier 14 with deg.xls py chart 

- . - - -- 



Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 

1,800 

1,600 

1,400 

1,200 - 5 1,000 .- 
800 

P 

600 + Elev -52 to -62 (SP) 

400 

200 

0 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Y (ft) 

p-y Curves py Pier 15 wilh deg.xls py chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

-fx-Elev -8 to -1 3 (CL) 

-9-Elev -13 to -23 (SP) 

-A- Elev -53 to -63 (SP) 

I 4/28/2008 10:45 AM 
p-y Curves py Pier 16 with deg.xls py chart 



I I 

I I 
I 

I Feather River Bridge 
Br. No. 18-0026R 

i 03-1A4321 

p-y Data py Pier 2 wilh deg.xls Oulput Dala 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

I y (ft) I Elev -40 t& -50 (SP) I y (ft) Elev -50 to -55 (GW) I y (it) 1 Elev -55 to -60 (GW) I y (ft) 1 Elev -60 to -70 (SM) I y (ft) 1 Elev -70 to -80 ISM) I 

p-y Data wpier 3 with deg.xls outpul ~ a i a  



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

p-y Data py Pier 4 with deg.xls Outpul Data 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

p-y Data pyPi~5wi lh  deg.xls ou~put Dala 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

p-y Data w ~ i i  6 with deg.xls output Data 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

p-y Data py Pier 7 with deg.xls Oulpul Dala 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

I I I I I I I 
Note: p (kiplft) . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . - .- . . - . - . . . . -- . . . . . . . . . . . . . . - .. . 

p-y Data py Pier 8 with degds outpul Dala 



Feather River Bridge 
Br. No. 18-0026R 

03-1144321 

1 
Note: p (k~plft) 

I 

- - - - - -  -A- . .  - - - 

p-y Data py Piw 9 wi~h deg4s ou~put Dala 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

p-y Data py Pier loand 11 wi~h deg.xls oulput Data 



Feather River Bridge 
Bt. NO. 18-0026R 

03-1A4321 

Pier 12 . -with Degradation A- 

p-y Data py Pier 12 wilh deg.xls Output Dala 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

I 

y (ft) I Elev -91 tb -96 (SP) I 
0.000 1 0 I I I I I I I I I 

i p-y Data py Pier 13 with deg.xls Outpul Data 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

I 
I 

p-y Data py Pier 14 with deg.as output oat= 

y (ft) 
0.000 
0.015 
0.030 

Elev -82 to 487 (SP) 

0 I 
92 j 
1831 



I 
I 
I Feather River Bridge 1 Br. No. 18-0026R 
I 03-1A4321 
I 

i 
I 

I 

I y (ft) I Elev -82 td -87 (SP) I y (ft) I Elev -87 to -92 (SP) I I 

p-y Data py Pier 15 with deg.xls outpu~ Dala 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

p-y Data py Pier 1.5 with deg.xls output Data 



Appendix C 

Axial Resistance, t-z Curves 

Loading Condition: 
With and Without Channel Degradation 

"Caltrans improves mobility across California" 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

0. G. Elev Pile 
Cut off Elev GWS 

14.0 

*-Liquefiable layer 

t-z Curves tz qz Pier 2 no deg.xls lz Chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

0. G. Elev Pile 
Cut off Elev GWS 

t-z Curves tz qz Pier 3 no deg.xls tz Chad 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

-0- Elev. -34 to -40 
-A- Elev. -40 to -50 

*-Liquefiable layer I 
t-z Curves lz qz Pier 4 no deg.xls lz Chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

*-Liquefiable layer 

t-z Curves IZ qz Pier 5 no deg.xls tz Chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

--Jt-- Elev. -2 to -7 

I I 

*-Liquefiable layer 

t-z Curves tz qz Pier 6 no deg.xls h Chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

I I I 

! 1 1 i 1 I 
I 
! 1 I 1 ---..----- L 

I 

---  - . ,--- - - - - -  -. - --..--- 

I -+ Elev. -28 to -38 
- ;---------I -43- Elev. -38 to -48 

I / -A- Elev. -48 to -58 
---,-----, 

I I +Elev. -58 to -68 
- 

1 / I 31C Elev. -68 to -78 
I 

I I 
I *-Liquefiable layer 

t-z Curves k qz Pier 7 no deg.xls k Chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

+ Elev. -1 8 to -28 

- 

- 

*-Liquefiable layer 

I 1 

---O - Elev. 37 to 31 
U Elev. 31 to 24 - 
+*Elev. 24 to 14 
+Elev. 14 to 7 -. 
+ Elev. 7 to -3 

t-z Curves lz qz Pier 8 no deg.xls Iz Chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

0. G. Elev Pile 
Cut off Elev GWS 

-€I- Elev. -3 to -1 3 

I I 

*-Liquefiable layer 

t-z Curves tz qz Pier 9 no deg.xls tz Chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

(ft) 

*-Liquefiable layer 

t-z Curves 11 qz Pler 10 and 11 no deg.xls Lz Chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

I)- Elev. -9 to -1 9 
-A- Elev. -19 to -29 

- 

- 

t-z Curves 

0. G. Elev Pile 
Cut off Elev GWS 

9.0 

8.0 

7.0 

6.0 

5.0 
P .- 
5 4.0 * 

3.0 

2.0 

1 .o 

0.0 
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 

(ft) 

40.0 

35.0 

30.0 

25.0 
F 
.P 20.0 
i5 * 

15.0 

10.0 

5.0 

0.0 
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0 

(ft) 

60.0 

50.0 

40.0 

F 
- - - . - - - - . . . . . 

2 30.0 ---- ---- - - .. . 
C 

20.0 

10.0 

0.0 
0.00 0.02 0.04 0.06 0.08 0.1 0 0.12 0.14 0.16 0.18 

z (ft) 

*-Liquefiable layer 

tz qz Pier 12 no deg.xls tz Chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

U Elev. -16 to -31 

-A- Elev. -31 to -36 

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0 

(fi) 

t-z Curves Iz qz Pier 13 no deg.xls Iz Chart 

. 

*-Liquefiable layer 

60.0 

50.0 

40.0 

P 
.P 30.0 
Y - - 
C 

20.0 

10.0 

0.0 
0.00 0.02 0.04 0.06 0.08 0.1 0 0.12 0.14 0.16 0.18 

(ft) 

- - - - - - - . - . - . . . - . . - 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

0. G. Elev. Pile 
Cut off Elev. GWS 

I I 

1 *-Liquefiable layer 

t-z Curves lz qz Pier 14 no deg.xls lz Chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

0. G. Elev Pile 
Cut off Elev GWS 

-A- Elev. -22 to -32 

I 

*-Liquefiable layer 

t-z Curves k qz Pier 15 no deg.xls k Chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

Pile 
GWS 

8 0 

7.0 

-0- Elev. -8 to -1 3 
+ Elev. -1 3 to -23 

I 

*-Liquefiable layer 

t-z Curves tz qz Pier 16 no deg.xls Iz Chart 





Feather River Bridge 
Br. No. 18-0026~ 

03-1A4321 

t-z Data 
h qz Pier 3 no degds Output h 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

*-Liquefiable layer 

t-z Data 





Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 

*-Liquefiable layer 

4R8R008 10:53 AM t-2 Data 
h qz Pier 6 no degxls output h 





  eat her Ri,ver Bridge 
Br. No. 18-0026R 

. 03-lA4321 

t-z Data 
tr qz Pier 8 no degds Oulpul h 





Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

412812008 I 0 3 4  AM t-z Data 
tz qZ Pier 10 and 1 I no degxls Output h 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

t-2 Data hqz Pier 12 no deg.xlr output tz 





Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

4R8R008 1055 AM t-z Data I 
hqz Pier 14 no deg.xls Output h 





Feather Rives Bridge 
Br. No. 18-0026R 

03-lA4321 

4!28/2008 10.55 AM t-2 Data 
hqz Pier 16 no deg* Outpulh 



Feather River Bridge 
Br. No. 18-002613 

83-1A4321 

*-Liquefiable layer 

t-z Curves 
tL qz Pier 2 with deg.xls tz Chart 





Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

* Elev. -6 to -1 0 - 

Pier 4 - with Degrdation 

-A- Elev. -1 00 to -105 

t-z Curves 11 qz Pier 4 with deg.xls tz Chart 



Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 

Pier 5 - with Degradation 

(ft)  

*-Liquefiable layer 

t-z Curves IZ qZ Pier 5 with deg.xls IZ Chart 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

I 

i 1 
i 

j I 
j .i . . .: - . ... 

i 
I 

I 
! 

. . , . . . ... . - . 
i 

i . _ .. . _ / _  .. _ .  
i I 1 A 
1- .- -- 

--O -*Elev. 7 to 4 - 
1 U Elev. 4 to -2 

i --6-- Elev. -2 to -7 - 
I ---JC-- Elev. -7 to -12 

+Elev. -12 to -17 
I I A , , , ,  1 , , 1 1 1 , 1 ~ 1 1  

I I 

*-Liquefiable layer 

I I 1 

t-z Curves 

4 Elev. -71 to -81 

U Elev. -81 to -91 

-A- Elev. -91 to -98 

++ Elev. -98 to -1 03 

tzqz Pier 6 with deg.xls tz Chart 

- -- 
- 

- 

j . . 1 i 
i 

. .  . j '  ' 

i 1 
I I 

.-.. .. . -. i 
j 
i i 

j , , , , j , , , , ; , , ) ,  
I 

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 



-- - "" " 3" 3 PO'O '20'0 20'0 10'0 00'0 

88 -  01 8L- 'Aa13-m- 11 0'0. 



02'0 8 1'0 9 1'0 PL'O Z 1'0 01'0 80'0 90'0 PO'O 20'0 00'0 
I 

I 
I 1 I 

I j 
I 

! I 
. . a .  .. . I - $ ~ .  

- i 1 '. i 

i i i 
L 

i .. . ._ ! 
I I I 1 

- -  - - 1. -- - -- 
I j 

- 1 1 ---- 
I 

----.-- 

I tl I I 
- 

i 
1 

Eg- oi  gL- + 
i - j 1 1 
I 

i i i i i i 

0 1'0 60'0 80'0 LO.0 90'0 SO'O PO'O €0'0 ZO'O 10'0 00'0 

8 ~ -  01 EL- 'ha13 ++ 
- EL- 01 €9- 'ha13--JC 

€9- 01 ES- 'ha13 -- 
-- ES- 0% EP- 'ha13 u 

EP 01 RE- 'ha13 -0- 
. . - - -:.. -- - -. - ... . ...I - -.. ... .. . 1 

3 i - 
j I 

I 





(u) 
20'0 ZO'O ZO' 0 10'0 10'0 10'0 10'0 10'0 00'0 00'0 00'0 

- 88- 01 8L- 'hat3 --El- 
- 

0 
0.0 

O'Z 

O'P 
- - - - - -- 

0.9 2 
E 
2 

0'8 d 

0'0 1 

O'Z 1 

O'PL 

uo!)epe~Baa q ) ! ~  - I. I. pue 0 1 laid 



(u) z 
20'0 ZO'O 20'0 10'0 10'0 10'0 10'0 10'0 00'0 00'0 00'0 

O'OP 

(u) 2 

01'0 .60'0 80'0 LO'O 90'0 90'0 PO'O EO'O 20'0 10'0 00'0 

0'0 

0'0 1 

O'OZ 
r+ - 

0.0s s 
3 - 

O'OP 

(34) 2 

OL'O 09'0 OS'O OP'O OE'O 02.0 0 1'0 00'0 



(u) 
0 1'0 60'0 80'0 LO'O 90'0 90'0 P0'0 EO' 0 20'0 10'0 00'0 

0'0 

(w) 
ZO'O 10'0 ZO'O 10'0 10'0 CO'O 10'0 10'0 00'0 00'0 00'0 

3 

j 

I - - .  ....... .. 
j 

i . . .  . . .  : 
-- -. ' 1.. - 

i , 

O'OZ 
,+ 

O.OE 5 
3 - 

O'OP 

..- 

- 

- 

- 
- - 

(U) 2 1 81'0 91'0 P1'0 Z 1'0 0 1'0 80'0 90'0 PO'O ZO'O 00'0 

96- 01 16- 'ha13 -0- 



ZO'O ZO'O 10'0 10'0 10'0 10'0 10.0 00'0 00'0 00'0 I 

O'OP 

(v) 
01'0 60'0 80'0 LO'O 90'0 SO'O Po' 0 '20.0 Z0'0 10'0 00'0 

0'0 

0'9 

0'0 1 

0'5 1 

O'EE 

O'OP 

O'SP 

0'04 

(v) 2 

8 1'0 9 1'0 PC'O Z1'0 0 1'0 80'0 90'0 Po' 0 ZO'O 00'0 



0 
0'0 

0'0 1 

0'02 
CC - 

O.OE g 
2 - 

O'OP 

0'06 

0'09 

(34) z 
08'0 OL'O 09'0 OS'O n v n  nc.n 

I I 1 
I ZE- 01 ZZ- 'ha13 + ! 

I . .. 
i i . .  .. 3 

v i I ! i O'SC - 
i i 

- - L.. -. i I .... . .... 1.. I ' 0'02 

i 



0'0 

0.0 1 

0'02 
* 
A 

O.OE g 
3 

O'OP 

0'09 

0'09 

(u) 
0 C'O 60'0 80'0 LO'O 90'0 90'0 kO' 0 '20.0 ZO'O 10'0 00'0 

O'OP 

08'0 OL'O 09'0 06'0 OP'O OE'O 01'0 0 1'0 00'0 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

412812008 1254 PM t-z Data 
I 

tz qZ Pier2 with degds Output h 







Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

%-z Data I 
t? qz Pier 5 wnh deg.xls Oulput h 





Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

4R8R008 12 55 PM t-z Data 
h qz Pler 7 wiih deeds Output h 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

t-z Data h qz Pier 8 wiih degxls Output h 





Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 

t-z Data 
I Q qr Pier 10 and 11 wiih deg.xls Output h 



Feather River Bridge 
Br. No. 18-0026R 

03-1 A4321 
i 

t-z Data b qr Pier 12 wiih deg.xls Outpul b 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

v I I I I 
Note - t (kiplft) 

I 
, , -.s _ _ -  

*-L~quefiable layer 

t-z Data hqz Pier 13 wlh deg.xls Oulput tr 









Appendix D 

Tip Resistance, q-z Curves 

Loading Condition: 
With and Without Channel Degradation 

"Caltrans improves mobility across California" 
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Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

Pier 15 - No Degradation ;; .;:.$,>>.,i;. .'. -,.- 
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Feather River Bridge 
Br. No. 18-OO26R 

03-1 A4321 

Pier 16 - No Degradation 
?;,, * p < ; . , T , -  '4- Y- +-.-zL,\*T-. . ". ", ",,<:;,:.,z;$!>:.;?;%::$>.:,*<,,. ?.<::: 4i:!.rz$<i4 

............ 

+*€lev. 22 to 17 

*'€lev. 17 to 12 

. . . . . . . . . . . .  

............... 

+€lev. -13 to -23 

+ Elev. -23 to -33 

*-Liquefiable layer 
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Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 

Elev. -37 to -42, Elev. -42 to -52 

Elev. -62 to -72 Elev. -82 to -9 Elev. -92 to -1 02 
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Feather River Bridge 
Br. No. 18-002613 

03-1A4321 

4/28/2008 10:s~ AM q-2 Data tz qz Pier 3 no deg.xls outpul qz 



Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 

*-Liquefiable layer 

4/2812008 10:53 AM q-z Data tr qz Pier 4 no deg.xls Output qz 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

4/28/2008 1053 AM q-z Data 
11 qz Pier 5 no deg.x~s outpul qz 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

412812006 1053 AM q-2 Data 
1Z qz Pier 6 no deg.x$ Output qz 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

output qz 



Feather River Bridge 
Br. No. 18-002613 

03-1 A4321 

Elev. -63 to -73 Elev. -78 to -83 

*-Liquefiable layer 

4/28/2008 1054 AM q-2 Data tz qz Pier 8 no deg.xls OULPUI qz 



Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 

Elev. -78 to -83 
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Feather River Bridge 
Br. No. 18-0026R 
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Feather River Bridge 
Br. No. 18-0026R 
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Feather River Bridge 
Br. No. 18-0026R 
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412812008 10:55 AM q-z Data 
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h qz Pier 13 no deg.xls Output qz 





Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 

4/28/2008 10:55 AM q-2 Data 
I h qz Pier 15 no deg.xls Oulput qz 



Feather River Bridge 
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0 G. E l e v . , .  , . ; Pile 

q-z Data 412812008 10:55 AM tz qz Pier 16 no deg.xls Output qz 
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Feather River Bridge 
Br. No. 18-0026R 
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03-1 A4321 

,ji:;i:;$-i ; :$.;j%;'c ......... ................ ",,... .: Pier 13 - with Degradation . . . . . ._ .%I. . . . .  0. G. Elev. w~$T~Q;.;:: h 

stam >;;~;:;$.;:.( ;?! ~Tdg~!v$@.'$i?;i>:€ ; :  pi 1' f?2$&pss, .,,-., . ,-.>,tt. -.. . ,..< . ..., <, >:.$;?$i& Cut off El=". .$&;!35<@$33 GWS $ $ ~ : ~ ~ ~ $ o ' < ~ ~ ~ ~ ,  
I 1 

3,000 -- . . - .  .. . . . .  I 
I i 

+ *Elev. 7 to -6 

-42-Elev. -6 to -16 

+ Elev. -1 6 to -31 
- 

--JC Elev. -31 to -36 
...... - ~- + Elev. -36 to -46 

: I 
I.. 

I I 
. . . . . .  / . 

, , , , , , , , i , , , ,  
0.00 0.50 1 .OO 1 .SO 2.00 2.50 3.00 3.50 

(ft) 

--O-- Elev. -91 to -96 

0.00 0.20 0.40 0.60 0.80 1 .OO 1.20 1.40 1.60 1.80 2.00 

z (ft) 

*-Liquefiable layer 

q-z Curves I.? qz Pier 13 with deg.xls qz Chart 



Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 
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, . r ~..&.*;,;$~~ .$! 5*i , ,., ,,7&f$i:<<$~~~~ Cut off Elev. i;71;,;34:oj,@j GWS ${x,~$f$~j$~~,~$ 

I 1 

-Jt Elev. -31 to -36 

0.00 0.50 1 .OO 1.50 2.00 2.50 3.00 3.50 

z (ft) 

I ' 
I i 

- 
-0- Elev. -82 to -87 

- 

I 
. .. I i 

i 
i .. . 

0.00 0.20 0.40 0.60 0.80 1 .OO 1.20 1.40 1.60 1.80 2.00 

(ft) 

*-Liquefiable layer 

q-z Curves h qz Pier 14 wilh deg.xls qz Chart 



sahtna z-b 

0 

(u) z 
08' 1 09' 1 OP'1 OZ' 1 00'1 08'0 09'0 OP'O 01'0 00'0 

(u) 
01'0 60'0 80'0 LO'O 90'0 SO'O PO'O €0'0 Z0'0 10'0 00'0 

0 

000'2 

OOO'P 

000'9 

000'8 
29- 01 IS- 'ha12 +- 

000'01 

OOO'Z1 



saNn3 z-b 

(u) z 
08'1 09' 1 OP'L 02'1 00' 1 08'0 09'0 OP'O 02'0 00'0 

(u) z 

01'0 60'0 80'0 LO'O 90'0 90'0 PO'O €0'0 20'0 10'0 00'0 

0 

000'2 

OOO'P 

09'E OO'E OP'Z 00'2 00' 1 OP'O 00'0 

0 

009 

000' 1 

009' 1 

OOO!Z~~~ -- 

P 

OOP'Z 2 
E 1- 01 8- 'ha13 + - 

000'E 

00S'E 

OOO'P 

OOS'P 



Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 

Pier 2 - with Degrdation Om Gm E,ev. ~ ~ ~ ~ . ~ 5 ~ ~ ~ $ ~ ~ ~ i ~ ~ ~ ; ~ ~ ~ ~  b:,vx+%3?F$ .x-7s<-? ..9+,,!z - .!, ,:. .- .- ~ : ~ ~ : ~ g ; ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~  . . Pile ~$$;g~7$5~~.i39;::z~~$tq , . 

q-z Data 
tz qz Pier 2 with deg.xis Output qz 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

q-2 Data 
tr q~ Pier 3 with deg.Xls outpd qz 

I 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

412812008 1254 PM q-2 Data 1 tz qz Pier 4 with deg.xls output qz 



Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 

@~..,a*<<r;~c*~Jr*?."" .",.A .I. z..:~ ::< Pier 5 - with Degradation Elev ""%; :"":2*.*&d'71'*:*iiii* LI... '.-I ~:&;;&y+:r:,?~Xy*~~;;~~;$j 
,,..-. ...- . . . " . . . . , $  pile 

q-z Data 4/28/2008 1255 PM tz qz Pier 5 with deg.xIs Outpul qz 



Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 

Pier 6 - with Degradation ;y2:,;:.2;.$v*G;F,7.- ,z,;.@., ;.+ ,..+ b. ..+,2.?>. .!.sr.>. ,*:. A*; .: <<s*. . ,- ... ;~;~$#~:;5~: , :g;&y~.~[ ; ;$~z, . .w.~ 
" .  . A. :<,... . . .. .... 0 G . l e v .  : .  Pile f~:;.s~:7;c@5~~1,s,~i3;;3;2$$ . .. ... . 

412812008 12 55 PM q-z Data l z  qz Pier 6 with deg xls Oulput qz 

I 



Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 

412812008 1255 PM q-z Data 
I tz qz Pier 7 with deg.xls output qz 



Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 

Elev. -38 to -43 z (ft) Elev. -43 to -53 Elev. -53 to -63 1 z Ift) I Elev. -63 to -73 1 z (ft) I Elev. -73 to -78 

q-z Data Qqz Pier 8 with deg.xls Output qz 





Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

;-:-+>,<+:> 7., ,$ ,->, :.,,%:;?- a. .: ..: .>.-- Note - q (kip) ~... ,.*,572dbyL "g x,<iyz- ~ j~~ ;2Fr2~~72~~~~,~~~~g :~~7~~~~ f~ :2~~~+ :~ ;g~ '~ : ;  ;~~;~~;~~~:~-:;~;~;z~~c;:~;~~:~~;ar;~.~~q~~g;~:~;~g2;,,,:~ 
*-Liquefiable layer ~ 

I 

1256 PM q-z Data tz qz Pier 10 and 11 with deg.xls Oulpul qz 



Feather River Bridge 
Br. No. 18-0026R 

03-lA4321 

q-z Data a qz Pier 12 with deo.xls Output qz 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

q-z Data tz qz Pier 13 with deo.xls Outpul qz 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

4 1 2 ~ 2 0 0 ~  1257 PM cg-z Data lz  qz Pler 14 with deo.xls Output qz 



Feather River Bridge 
Br. No. 18-0026R 

03-1A4321 

Note - q (kip) ~ . ~ , ~ , g z ~ ~ ~ j ~ ~ ~ ~ ~ ~ , ~ ; g ~ ~ , ~ ~  L,.......G ii ..,.A,,L r12.:;z ~~;~~a~~-g,~:-~~~-~~:~;~j~;~fx;;~ei,;~~;;2~~:g,~4~;~~;~; :.,A:: r .A-s :.: =-*, &_ ..-- mz2 cis., ~~+:z;;~-~;~.;2g7+;~;~~,7c:.~~s~.~~~.+;-,.:: + rlj.. ; 2:. ::-,A .:. ; ~ ~ z . i " ~ , i & ~ ~ ~ ~ ~ ~ ~ z : i ; ~ ~ ; : ~ ~ ;  ~zs:~s::.~.~~~~;;;::~z.:s r..c 
. , . . 

, , 
I 

q-z Data 412812008 1257 PM 1.2 qz Pler 15 with deg.xls Output qz 



Feather River Bridge 
Br. No.  18-0026R 

03-1 A4321 

q-z Data Lz qz Pier 16 with deg.xls Output qz 
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.=&ate of California Eusiness, Transportation and Housing Agency 

i I -- M-e-.m-o-.r-a--n.7d-u-..m --. ~IecyorrrporvcrI , 

i Be energy cficinftf 

TO: MR. JEFF SMS 1 Date: 
I ENGINEERING 

DMSION OF STRUCTURE DESIGN-MS 9 4 / 1 1 ~  Pile: 

OFFICE OF BRlDGE DESIGN-NORTH 
i BRANCH 1 

Attention: Mi. Greg Jones 

April 29,2008 

03-Sut-99-PM 12.0 
03-1A432 1 
Garden Highway UC 
Br. No. 18-0025R 

From: DEPARTMENT OF TWANSPORTATION 
- DMSEON OF ENGINEERING SERVICES 

GEOmCHMCAL SERVICES - MS 5 
OFFICE OF GEOTECRM[CAL DESIGN - NORTR 

Subject: F h d  Seismic Design Recommendations 

This report presents the &a1 seismic design recommendations for fhe Garden Highway 
Undercrossing bridge located on State Highway 99 in Sutter County. 

GeoIogy 

Based on a recent foundation investigation conducted by our office in July though 
September 2007, the foundation materials generally consists of loose to very dense 

c 
- - 

granular silt, sand, and gravel interbedded wi& soft to hard clay. The groundwater table 
was encountered at an elevation of about 16 feet. 

Seismic Study 

Based on Caltrans California Seismic Hazard Map 1996, the controlling fault for the site 
is Dunnigm Hills (style of faulting: reverse, including thrust) with a maximum credible 
earthquake moment magnitude of M,=6.5, and is located about 30 km southwest of the 
s i t ~ T h ~ ~ h O r i z ~ d a l b ~ d ~ O C k a c C e I ~ t i O ~ b ~ s e d O ~ ~ ~ b ~ ~ ~  map is estimated to be 
0.2g. There is no laown active fault crossing the bridge site, therefore, the potential for 
s d a c e  rupture at the site is considered insignificant. 

Based on the LOTB, a Caltrans Seismic Design Criteria Acceleration Response Spectnun 
corresponding to soil profile Type D with a Pdalc Bed Rock Acceleration of 0.2g is 
recommended for design (see Figure 1 in Appendix A). 

I ~ "Callrorrs frrrproves rtrobilfty ncross C(~llli/onrfn" 



Mr. Jeff Sims 
April 29,2008 _ _  , 
Page 2 

Liquefaction Study 

Reza Mahallati 
Senior Materials and Research Engineer 
Office of Geotechnicd Design North 

- 

Attachment 
1 - Appendix A - A R S  Curve 

A detailed liquefaction analyses were performed for the two support locations based on 
the recommendations outlined in the report entitled "Summary Report fi-om the 1996 
NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of 
Soils." Based on the ground water location and mechanical analyses of selected soil 
samples, the foundation materials is not susceptible to liquefaction during a strong ground 
shaking. 

,- If there are any questions regarding the design recommendations, please contact Reza 
Mahallati at (9 16) 227-1033. 

c: Abu Barrie - (OGD-N), 

"Crrllrntrs irtrproves rtrobilify ncross Cnli/ort~in " 
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TO: MR. GERRY WONG 
Branch Chief 
District 3 - Design Branch S9 

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES - MS 5 

Subject: Geotechnical Design Report 

Introduction 

Flex your power! 
Be enegy eflcient! 

Date: May 1,2008 

File: 03-SUT-99 
PM 12.3 
EA 03-1 A432 1 

Per your request, we are providing a Geotechnical Design Report (GDR) for Highway 99 
from PM 12.3 approximately 0.25 miles northwest of the town of Nicolaus in Sutter 
County, California. This project proposes to construct a new Feather River Bridge (Br. 
No. 18-0026R) and new Garden Highway Undercrossing (Br. No. 18-0025R) located to 
the east of the existing structures. This report addresses slope stability and settlement of 
the approach fills. Recommendations for the bridge structures will be provided in the 
Foundation Reports. 

The purpose of this report is to analyses of anticipated site conditions as they pertain to 
the project described herein, and to recommend design and construction criteria. This 
report also establishes a geotechnical baseline to be used in assessing the merit and/or 
scope of potential changed site conditions and is intended for use by the project design 
engineer, construction personnel, bidders and contractors. 

Pertinent Rcports and Investigations 

The following documents were reviewed to assist in the assessment of site conditions: 

Log-of-Test-Borings (LOTB), Garden Highway UC, Br. No. 18-0025. 
Log-of-Test-Borings (LOTB), Feather River Bridge, Br. No. 18-0026. 
Geologic Map of CA, Sacramento Quadrangle, CA Mines and Geology, 1987. 
Nicolaus, CA 7.5-minute quadrangle, United States Geological Survey, 1978. 
California Seismic Hazard Map 1996, Caltrans, Lalliana Mualchin, 1996. 

"Caltrww improves mobiliw across Caffomia" 



Mr. Geny Wong 
May 1,2008 
Page 2 

Existing Facilities and Proposed Improvements 

The new Feather River Bridge (Br. No. 18-0026R) and new Garden Highway 
Undercrossing (Br. No. 18-0025R) will be constructed to the east (up-stream) side of the 
existing structures on the same alignment. The project is located on Hwy 99 
approximately 0.25 miles northwest of the town of Nicolaus in Sutter County, California. 
When completed, the existing structures will become the left of the structures and will 
convey southbound traffic while the proposed new structures will convey northbound 
traffic. The existing Feather River Bridge is a two-lane structure, which was constructed 
in 1958. The structure is 3,186 feet long, with a total of 31 spans and consists of six 
PC/PS girder- spans with one steel-welded six girder-span section. The existing Garden 
Highway Undercrossing is a two-lane structure, which was constructed in 1958. The 
structure is 11 1.9 feet long, with a total of 3 spans and consists of continuous concrete 
slab spans on piles and concrete open-end diaphragm abutments on piles. 

Physical Setting 

Climate 

According to the Western Regional Climate Center for 1948-2005, the average annual 
precipitation in Marysville, located 27 krn (17 miles) north of the project site is 548.4 rnrn 
(21.59 in). The majority of this precipitation falls between October and April. The 
average annual air temperature is approximately 17.1' C (62.7' F) with the highest 
average daily maximum of 35.8' C (96.4" F) in July and the lowest average daily 
minimum of 3.3' C (38.0' F) in January. 

Topogra~hy and Drainage 

The Nicolaus, CA 7.5-minute quadrangle shows that the terrain is relatively flat with 
elevations ranging from 7.6 to 10.7 meters (25 to 35 feet). The main drainage feature is 
the Feather River, which runs in a northeast / southwest direction through the project site. 

Site Geology and Subsurface Conditions 

According to the Geology of California (Norris and Webb 1990, 2" Edition) the existing 
bridge site is located within the Great Valley geomorphic province of California. The 
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The following is a summary of our recommendations: 

Slope Stability 

The slopes at both the north and south ends of the proposed Feather River Bridge will be 
stable under the current conditions. In order to maintain slope stability under scour 
conditions, the abutment slope should be constructed with a horizontal distance of 15 feet 
from of the abutment wall to the edge of the slope on top of the levee and then a 1:1.5 
(V:H) slope down to the river. 

Settlement 

The settlement of the fill embankment at the north approach is estimated to be 9-12 
inches with a waiting period of 12-1 8 months. The settlement of the fill embankment at 
the south approach is estimated to be 2-3 inches with a waiting period of 2-3 months. The 
settlement of the fills should be monitored. The foundation construction should begin 
after the primary consolidation settlement is f i shed.  Additionally, the impact of 
placement of additional fill on the existing Garden Hwy UC abutment piles was analyzed 
and the impact is negligible. 

Project Information 

Standard Special Provision S5-280, "Project Information", discloses to bidders and 
contractors a list of pertinent information available for their inspection prior to bid 
opening. The following is an excerpt from SSP S5-280 disclosing information 
originating from Geotechnical Services. Items listed to be included in the Information 
Handout will be provided in Acrobat (.pdf) format to the addressee(s) of this report via 
electronic mail. 

Data and information attached with the project plans are: 
A. None 

"Cultram improves mobili& across Cal&mia" 
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TO: MR. JEFF SlMS 
Senior Bridge Enginccr 
Structure Design North, Branch 1 

Attention: Greg Jones 

Date: August 7, 2008 

File: 03-SUT-99-PM 12.03 
03-1A4321 
Hwy 99 Widen, Seg 2 
New Feather River Rridge 
Br. No. 18-002613 

From: DEPARTMENT IDF TRANSPORTATION 
DIVlSlON OF E14TGTNEERING SERVICES 
GEOTECHNICAL SERVICES - MS 5 

Srrbject: Foundation Report 

Scope of Work 

This report presents Foundation Rccomrnendations for the proposed new Feather River Bridge 
(Br. No. 18-0026R) locatcd on Highway (I-Lwy) 99 in Sutter County. The Office of Geotechnical 
Design-North (OCtD-N) has completed a foundation study for the new bridge. The study 
consisted of a review o f  ' As-Built' records of thc cxfsting bridgc and n surface and subszlrfacc 
field exploration Frogsam conducted at the site from July to September, 2007. The subsurface 
investigation includcd drilling and sampling thc foundation soil at the site. Sclccted soil sarnplcs 
wcrc analyzed and the results used to characterize and evaluate the subsurface soil and determine 
its suitability as foundation material for the new hridgc. Fifteen mud rotary soil borings were 
drilled and samplcd. Thc borings werc from 120 to 250 A: deep. The Log of Test Rorings 
(LOTBs) developed from this field investigation have been forwarded. 

The recommendations presented in this report are based mainIy on the data generated during this 
ficld cxplorntion, and on a review of pertinent documents including thc following: 

I .  Thc "As-Built" Log of Test Borings dated October 1 ,  1956. 
2. Preliminary Geologic Recommendations and Resource Estimate for Advance Planning 

study, dated August 15,2000. 
3. Prcliminary Seismic Design Recommendations, dated August 1 0,2000. 
4. The "As-Built" Log of Test Borings (Widen) dated December 20, 1 994. 
5. Foundation 1nvr:stigntion (Fcathcr Rivcr Widen), dated September, 1 995. 
6. Preliminary Fo~mndation Recommendations (Feather River Bridge) dated 

Dcccmbcr 7, 2007. 
4. Geology of Call fornia, R. 142. Norris and R. W. Webb, (2"d Edition, 1990). 
8. The Geology Map of the Sacramento Quadrangle; D. L. Wagner, C. W. Jennings, 

T. L. Bedrossi zn and E. J. Bortugo (Second printing 1987). 

"Lblfran,~ improves mohilip 0cro.r.r Cal[fornia " 
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Bridge No. 18-0026R 

9. Rcviscd Final Hydraulics Report for Feather River dated July 26,2007. 
1 0. Fcathcr Rivcr Bridge Foundation Plans datcd July 23,2007. 
1 1. Feather Rivcr Bridge General Plan dated November 29,2007. 

Project Description 

This project is located approximately 25 miles north of Sacramento, on U.S. Hwy 99. It is 
approximately 0.2 5 mile northwest of the town of Nicolaus in Sutter County, CaIEfnmia. 

The new Feather River Bridge (Br. No. 18-0026R) will he constructed to thc cast (up-stream) 
sidc of the existing Feather River Bridge (Br. No. 18-0026) on a parallel alignment. When 
completed, the existing bridge (Br. No. 18-0026L) will convey southbound traffic while thc 
proposcd ncw briclgc will convcy northbound traffic. The cxisting brirlgc is a two-lanc structure 
constructed in 195 8 and widened in 1996. It is 3,186 feet long, with 3 1 spans that consist of six 
PCJPS girder- spans and one stccl-wclded six girder-span scction. 

The new bridgc superstructure will be 3148 R long and will be constructed parallel to, and 
separated from, the existing bridge by an approximately 9 ft wide median. It will consist of 16 
spans comprised of prc-cast modified spliced bulb tcc girders, supported at the piers by two 
column pilc extcnl;ions. The pier foundation systm will consist of two 7.5 ft diameter Cast-in- 
Steel-Shell (CIS§) piles. The span lengths wiII be: spans 2 to 14: 21 0 ft. long; span 1 : 1 52.6 ft.; 
span 15: 150 ft.; and span 16: 1 15.6 ft, long. Thc abutmcnts will be scat typc nbtltmcnts 
supported by Class 140 pipe pile foundations. 

The existing bridge crosses the Feather River, which consists of broad flood plains on the south 
and north banks of the active river channcl. The flood plains are bounded north and south by 
Icvccs, which stand at elevation approximately 59 feet. Based on the projcct Foundation Plan 
dated July 23, 20C17, the original ground elevation at the south bank ranges approximately from 
19 to 28 ft., whilt: thc river channcl within the footpint of the new bridgc ranges from 12 to 
t 9 R. in elevation. The north bank has a much broader flood plain that rises from approximately 
27 to 36 it. in  clevl-ltion. 

The sauth hank is more vegctatcd than the north hank. Thc vegetation an the sauth hank 
generally consists of trees and a thick undergrowth of low bushes, vines, shrubs and grass. Thc 
north bank is vegetated mainly by trees and scattered low bushes, shrubs and grass. On both the 
north and south biinks, a shallow backwater occurs in a depression ncar the basc of thc Icvces. 
This body of water. and its surrounding areas are considered as wetlands and are environmentally 
scnsi tive ccologica l arcas. 

Thc banks are easily accessiblc through existing gravel toads over thc lcvccs to the banks. Picss 
2 and 3 of the new bridge will be located on the south bank. The new Piers 4 through 7 are 
located in the actib c river channcl while Piers 8 through 1 A will be constructed on the north bank. 
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Bridge No. 18-0026R 

The elevations usl:d in this report are referenced to the NGVD29 Vcrtical Datum as provided on 
thc project Foundiition Plans dated July 23,2007. 

Sitc Ccology and Subsurface Conditions 

According to thc flimlogy o f  California (Norris and Wcbb 1990,~"" Edition), thc cxisting bridgc 
site is located wittlin the Great ValIey geomorphic province of California. The Geology Map of 
the Sncramcnto Quadrangle (Wagner, Jennings, Bedrossian and Bortugno, ScconcE Printing, 
1987) indicatcs that the site is underlain by Quaternary alluvium of Holocene age. The Holocene 
aIIuvium (Q) is cornpriscd of an upper natural levee and channcl deposits (Qa) and Iowa basin 
dcposits (Qb). Thcsc I Iolocenc rnatcrials consist of poorly sorted stream and basin deposits from 
clay to boulder size and overlie older alluvial formations at the site. The Log of Test Rorings 
(LOTBs) for thc cxisting bridge, datcd October 1956 and February 1995, indicatc that the sitc is 
underlain by loose to very dense fine sandy silt, silty fine sand, fine to medium to coarse 
micaccous sand, gavel, cohhlcs and minor amounts of organics. Thc granular material is 
generally interbedtied with layers of very soft to very stiff to hxil silty and sandy clays. 

Thc subsurface investigation conducted from July to Septcrnber 2007, explored to a maximum 
depth of 250 fee: in seven of the borings. One boring each was driIIccI to approximately 
correspond to 14 of thc support locations of the ncw bridgc. Drilling was not pmformed for thc 
locations of the new Piers 9, 1 1 and 1 3 but the subsurface conditions were inferred from adjacent 
borings and from prcvious borings for the existing bridgc. Temporary stand pipc piczomcters 
were installed in E orings 07-B I ,07-B 12,0743 15 and 07-B 1 8 for ground water measurement. 

The subsurface soil encountered during this foundation investigation consists mainly of granular 
materials of sand rtnd grnvcl with intcrhcds of clay and silt. Tlac granular soil consists of fine to 
coarse grained lay :rs of loose to very dense silty sand, sand, gravels, and cobbles. The cohesive 
soils consist of soit to hard sandy clay, silty clay, sandy silt and silt, The soil layers are generally 
micaccous and contain organic materials in places. 

Thc soil laycrs encountered can he generaliz~l as follows: 

1. A laycr of very loose to loose silty sand and sand with gravel interhcddcd with scams 
of soft clay and silt and organics. This layer generally extends from the original 
ground surface to the maximum recorded elevation of -1 5 R (Borings 07-B11 and OT- 
B15). Most o f  this laycr has been determined to be scourabIe and susceptible to 
liquefaction. 

2. The above layer either lies directly over gravel with cobbles or is separated from it by 
a 15 to 30 f l  layer of medium dense silty sand and sand with a tracc o f  cobbles. This 
gravel ;~nd cobble Iayer is recorded to extend from elevation -12 fi (Boring 07-17 at 
Abut. ; 7) to elevation -1 15 A (Boring 07-B7) and consists of medium dcnse to 
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mostly very dense sub-angular to rounded clasts in a matrix of micaceous sand and/or 
silt. 

3. Below the gavel layer is a repetitive layer of very dense or hard sandy silt with clay, 
or sandy clay with silt which is generally interbedded with medium dense to very 
dense silt, silty sand and sand. Thc sandy clay or silt i s  weakly to modcratsly 
cemented, and is usually brittle, fissured and blocky. This layer extends to the bottom 
of mos  of the deep borings. 

The boring data w 11 bc provided on the LOTRs for this projcct. 

Ground Water 

As-built records for the existing bridge indicate that historically, the ground water levels 
cncountcrcd during thc field investigations of 1956, 1994 and 1996 varied in thc soil horings 
along the alignment of the existing structure. The highest ground water level was measured at 
the existing Pier 14 (Boring B-26) at elevation 34.3 feet in January 1995. The lowest ground 
water levcl was rr easurcd at elevation -1 6.8 feet at Abutment 32 in April 1994. This indicates 
that ground water leveI fluctuation should be anticipated with the seasonal rainfall and the water 
rivcr levcl. 

During thc rccent field exploration program contlucted in July to September 2007, the ground 
water level was rr easured in November 2007 at elevation 17 R in Borings 07-B1 on the south 
bank and 07-B12 o n  thc north bank. Thesc two horings are closest to thc rivcr channcl. Grouncl 
water was also rncasurcd at elevation 19 fi in the same period in Borings 07- 1 5 and 07-1 8 which 
arc located farthes. from the river channel. 

The current project Hydraulics Rcpot? recommends a high water surface elevation of 50.4 feet for 
thc design flood fc r a 100-year event. 

Scor~r Evaluation 

According to the 11s-Built Pile Data on Gcncral Plan Na. 2, (revision date Dccernber 12, 1995) 
scour potential extends to elevation 0.0 fi for the existing Piers 3-6 located on the south bank, to 
clcvation -5.0 ft a t  Piers 7 through 14 located in the active rjvcr channel, and from Piers 15 
through 30 located on the north bank. 

The Final Hyclraulics Report for this project dated July 11, 2007 has noted that "thc channcl is 
considered lateraI1y and vertically unstable." The thalweg has dropped 10 ft in elevation and 
movcd 320 ft norhward from 1956 to 1987, but the ratc of degradation has slowed in rccent 
years. Records indicate a history of siqificant local scour at the existing Piers 13 and 14 (in 
channel) due to high water velocity during big storms in past ycars. The project Hydraulics 
Report has projcctcd that the maximum local scour will occur at Piers 4 to 8 of the new bridge. 

"Coltruns impml,e.r rnohlIip acrmr California " 
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The tab1 e below s~~mmarizcs the projectcd scour regime at the site for thc new bridge as provided 
in the above rcfercnced Hydraulics Report. 

Tablc I: Sco~rr s ~ ~ r n m n r y ~ o r  the new Feather River R 9 e  
I 

- 
Scour Illcvation (Max) 

-h.OO fl 

For additional injomation on scour for this project, please refer to the Hydraulics Report 
referenced abovc. 

Elcvatinn (2082) 

The table below iridicates thc projected maximum total depth for scour and liquefaction at the 
piers bascd on the Hydraulics Report and the liquefaction anaIysis performed by OGD-N. These 
parameters arc u se j  in the design of the foundation for thc ncw Feather Rivet Bridge. 

Scour Blcvation (20823 
-1 9 -00 ft 

E 
Note: * indicates extrapolation bascd on adiacent horings. 

Based on the Hydr-aulics Report, the table below indicates the scour elevations for the different 
limit states that arc used for the foundation design at all intermediate support locations of thc new 
bridge. 
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F 
Tahlc 3: Scotlr elevations for the limit states - 

t h m i t  State 
13x1trcrnc l, itt i it  State 

Corrosion Evalu ation 

t 

Caltsans consider: a site to be corrosive to foundation elements if one or more of the following 
conditions exist fcrr thc reprcscntativc soil andlor watcr s~mplcs taken at the si tc: 
Chloride concentration i s  500 ppm or greater, sulfate concentration is 2000 ppm or greater, 
or thc pH is  5.5 ar Icss. 

Strcngth Limit State 

Thc Foundation Investigation report prepared for the widening of the existing bridge in 1 995 
concluded that this project site was a non-corrosive cnvironrnent. Table 4 shows labomtory 
results for soiI samples collected and analyzed during the recent foundation investigations 
conducted in 2007 for this projcct. 

-2 

Rased on thcsc coirosion results, the native soil beneath the new Fcather River Bridge site is non- 
corrosive per CaZt1 ans standards. 

Seismic Study 

Service Limit State 

Final Seismic Dci gn Rccomrnendations for this projcct havc been provided in a separate report 
dated April 28, 2008, by OGD-N. Please contact Mr. Reza Mahallati on 91 6-227-1 033 if you 
need additional ini bmation this issuc. 

- 11.00 

"Chlrrans improves mobiliv ucross California " 
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As-Ruilt Foundal ion Data 

The original structure constructed in 1958 is supported on Raymond step taper and concrete piles 
as shown in the tnl~lc bulow. 

Picr P 5 thm Pier 1 

Pier 20 thru Pier 2 

The original bridgt: was widened to the west (downstream) in 1996. 
Thc wizlcncd portil~n is supported on Class 1 40 and Class 200 Altcrnative "W" Pilcs as shown in 
the table below. 
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'rs hle 6: Pile Data 'I'nblc for the existi 
I support ~ocat ion 7- 

T le design tip elevations were controlled by compression, tension and scour. 
Scour elcvatinns wcrc 0.0 ft for Piers 3 to 6, and -5 ft  for Piers 7 to 12 (channel) and Piers 15 to 30. 
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Foundation Recommendations 

The proposed nelw Feather Rivcr Bridge structure, as indicated on the General Plan dated 
Novembcr 29, 20117, may bc supported on Class 140 pipe piles at Ahutmcnts 1 and 1 7 according 
to the table below. 

The new Feather i Liver Bridge as shown on the Feather River General Plan dated November 29, 
2007, may he supported at all thc pier locations on 7.5 ft  diameter Cast-in-Stccl-Shell (CISS) 
Pipe Piles accordirlg to the tables below. 

Ak~tment  Forrndations Design Recommend~tions . -- (Feather Rivcr Br-111-0026R) 

The geotechnical capacity of the 7.5 R pipe pile foundations recommended in this report were 
dctcrmined by utilizing tIlc computer program APILE Plus, version 4.0 for WinrEows (Ensoft, 
Inc., 2004). This ;>rogmrn is based on the procedures recommended by the American Petroleum 
Institute (Apt, 1987) for the determination of the axial capacity of large diametcr pipe piles. 

Thc geotcchnicnl capacity of thc CISS pilcs at the locations of Piers 2 through 16 of t l~c  ncw 
structure is based on a combination of skin fiiction and end bearing. In order to deveIop the end 
bearing, it is rccon~mcnded that a minimum of 50 fl of undisturbed soil plug be maintained in all 
the CISS piles during clean out for tho installation of the cage reinforcement. Howcvm, if the 
design for lateral -oads and displacements requires less soil plug, please inform this Office for 
furthcr rccommcnclations. 

Nominal 
Driving 

Resistance 
Rcquircd (kips) 

2x0 

"Calrruns improves mohili~y ucrms Cal[ fmia  " 

IJRFD Servlce-1 
Limit State Total 
Load (kips) per 

Pile 
(Compression) - 

140 

-- - 

LRT:D Service-1 Limit 
State Idnad (kips) 

Support 

l 7  

Notr.7. 

I )  Design I ,  p ~ l e ~ ~ ~ t i o n s  am controf/~d 11y: taj Comprc.rsion, (c) S ~ ~ t l l t ~ r n ~ n t ,  rrsprctivrlv. 
2) The spec (fie(/ t j l  elevation shalf not he raised nhovr rhe drsign tljl ~levation.~-for tol~rrrhlc . ~ ~ f l / ~ m e n t .  

Spec1 fied 
Tip 

Elevation 
(ft) 

-6.0 

N o m i ~ ~ a l  1 
Permanent 

3150 

' a  

Resistance 
(kips) 

280 Abut 

140 

Dcslgn Tip 
Elevations (ft) 

- h . ~ ( a ) ,  15.0(c) 

3150 
I~lasr,  140 

*It. w 280 
- 13.0(*1), - 

1 1 .O(c) 

Class 140 
Alt, W 

46.92 4200 

47.42 4200 

-1 3.0 280 
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I Pier Foundations Design Recommcndatlons (Feather Rives Bridge-18-OR26R) I 

"Calfrans rmpmtrr,T rnohiliv across Cnlifomia " 

Rcquirctl Fnctnrc~l Nominal Rcsistnncc (kip?) 
. - - 
3 a- '- &! a 

Strength Limit Extreme Event 6 i= z .< w - 
w - -u c 

a, ~2 62% 
a 5  .- 5 z 3 V .E m s y  + 8 .- ~ 5 -  

Cornp. Tension Comp. Tcnsion 2 a-U .- LC u g .z 
( 0  5 )  (rp=O 65) ((p= 1 ) (rp=l) ,A 

'2 % "  
r?, 2 

-R9,[) ( P I ) ?  
- 0  I I -80.0 70no 

( -73 O(c) 

8200 
- 6 5 . 0 ( ~ )  

- 100.0 (a-I), 
7 . 0  I - i 00.0 7fion 

-79,0(c) 

7200 

-71.0(;1-I!), - 1 1 1 1  .[) 7400 
-77.0(~) 

7 100 
-72.0(~)  

-1 00.0 (3-1). 

-72.0(n-El), -1 On.0 9H00 
-80.0(~) 

hOO 

9hOO 

0600 

- 
7800 

-X2.(11c) I 

8900 
-X2.0(c) 

Picr 14 

I 

Picr 15 

Picr I h  

ClSS 
NPS 00. 
X 1.5 
CISS 

NPS 00 
X 1.5 

NIA 

N/A 

1; 700 

700 

CISS 
NPS 90 
X 1.5 

N/A 

1 

I 

1 070 I 

4 l0fl 

3160. 3120 0 

CI 

-BR.0 (a-I). 
0 1 -73.0(i1-11), 1 -86.0 1 7200 1 

-72.0(~) 

3070 

3580 0 

0 

3400 
-03.0 (a-I), 
-77.0 (a-l I). 

-76.0(~) 
0 -93.0 X5I)O 

-1 Oh.O (a-I), 
-76.0 (a - I [ ) ,  

-X2.0(c) 
- 106.0 AV(11) 
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No tps: 

I )  I)ePriLyn sip c~ l~vrr t inn ,~  clrl? controlled I?y: (u-IJ Compr~,l.sion (Strength Limit), (dl) Cumprcssion 
(Fktwm e EVPRI), (cj Settlement 

2) The sptbcificd rip rlevrrtioa shall not he mi.~c.rE crhovt. thr dc>.~i,yn rip ~lcvfifions , f i r  rol~rohlr 
.~d~lcmr: HI. 

3)  731r nor linul clrivin~ rrsistance v~qtr i r~d  is ~qtrcrl to the nominnl r~.vi.v~rnnc n ~ ~ d ~ d  to s t ~ p p ~ r t  thp 
. firuiorcr, ' Incrtl p111s drivifig rcsrslnnue from tlrr tmstaitnhlr* p m ~ l r o t ~ d  .soiI /rfj~crs (licjtrr;lEnhl~> and 
scorrmh lej, which do not contribute to the design rt-sistuncc. i"he exfent q f s h ~  1msz4ifnhlr soil IRVP~,T 
is provlt ir~d in t[~hlc> 2. 

Table 9 

Imcation Pilc 'I'ypc 

I )  D~s ign  h p elevntions.for Ahum ~ n t s  ore controlled by: {a) Comprrssion. (c) S ~ l i l e r n ~ n t .  
2) Dc.sign 11 o el~vnlions, for Picr.r nrc conlroll~(i hy: (4 Comf?rm~ion, (c;) Setllemrn!. 

"Caltrans impror~.r rnohiliw across California " 
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Picr 1 1 
P ~ e r  12 
Pier 13 
I'fcr 14 
Picr I5 
Pier 16 

3) T ~ P  .rp *cif i~rl  tip ~l~vrr t ian shnll nor hr misc~d ahnvc. ihe l i c s i ~ n  tip elmwtions for rnl~rcrhlr 
scttlt-rntUnl. 

4) UnL~ltitcihle soil Icryers Q iqu~f iah l~  and scorwr~hle) thar do not contribute to the design nominal 
rrsis~rrnr~ r,ris! nt Pfrrs 2 tlrmt~gh 16 Tlie c~tcrrf of l h c ~  t~nsrtitnblc soil invers is f~rovirk.rl in t h p  

fullrrwir x ~nblr.. 
Tahle 10: Depth of Scourable and Liqlrefiabte - . Snil Lrycrs. 

Su ort 1.o~ ?tion I Dcplh of Scourablc Soil I . a p r  I Ucpttl of I ,~quefinble Soil I.ayer 

Pile Load Test 

Pier 2 
Pier 3 
P1cr 4 
Pier 5 

We recommend tt at a compression pile load test be performed at Pier 12 of the new bridge. The 
pilc load tcst at Pi :r 12 will control the spccificd tip elevation at Piers 2 through 16. Thc test pile 
and tlre first anckor pile to be installed shall be dynamically monitored while they are being 
driven. Based on the rcsults obtaincd for the monitored anchor pile the remaining anchor pilcs 
may he dynamically monitored. An isolation casing with a minimum diameter of 9.5 it shall be 
installed to elevation -2.0 ft and cleaned nut prior to installing and driving the tcst pile. The load 
tcsting shall hc p:rFormcd to the nomial resistance of thc test pile or the capacity of tlie test 
apparatus, but no: Jess than a nominal load of 6500 kips. The test pile has a specified tip 
clcvation of -98 fcct. 

The anchor pilcs shall bc 4.0 foot diameter and 1.5 inches thick pipc pilcs and shall hc drivcn tn 
elevation -107 fer:t. Installation of the anchor piles may encounter hard driving through the 
dense to vcry deme granular soil laycrs containing cobbles. Pilc toe protection (driving shoc} is 
rcquired for driving the anchor piles to the specificd tip at Pier 12. The toe protection shall 
consist of a weldcd pipe section with steel yield strength equal to the pile. Thc driving shoes 
shall bc a minimum of 1.5 inchcs thick and 5 ft long for all the anchor pilcs for this projcct. If 
necessary, the end of the driving shoes may be beveled. The outer diameter of the driving shoes 
shall bc identical to that of the pipc piles. 

E- -1 1 -X 

-1 I N/ A 
-1  1 7 
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The load test shall be performcd on the test pile after completion of the interior clean out and 
prior to placing concrete or reinforcement. Pile load testing is to be performed for compression 
only. A rninirnurr period of 14 days is required for set-up aRer the initial driving of both the test 
and anchor piles, A re-tap should be performcd on thc tcst pile 7 days aRcr thc initial 
installation. The test pile shall be initially driven to within I R of the specified tip elevation. The 
pile shall be driver] to the specified tip elevation during thc rc-tap. 

Aftcr the load testing is cornplctcd and thc pile has hccn accepted, the test pile may bc 
incorporated into the new bridgc foundation system. The anchor piles and the isolation casing 
shall be removed in conformance with thc provisions in Section 15-4-02, "Rcmoval Methods," of 
the Standard Specitications, and the remaining holcs shaII l ~ e  backfilled with a sand soil or other 
witable material approved by the Engineer. The design configuration and specifications of thc 
pile load tcst to t e  includcd with contract plans will bc devclopcd hy the 1:oundation 'Tcsting 
Branch of the Off ce of Geotechnical Support. Please contact Brian Liebiclt at (916) 227-1 000 
for further information on this subject. 

Pile acceptance cr~teria will bc developed using n wave equation analysis aficr completion of the 
load testing and dynamic monitoring. 

GcncraF Notes to Designer 

1.  Thc structure c esign cnginccr shall indicate thc design pilc tip clcvation for Intcrnl rcsistancc 
in the pile data table. 

2. If thc design :ip elevation for lateral resistance is Iowa than the design tip elevation for 
compression at Piers 2 through 16, contact the Office of G~otechnical Design - Worth for 
additional recornr cndations. 

3. A pilc driveabi ity evaluation study has becn conducted for both the load tcst anchor pilcs and 
production piles. 

4. We request t h ~ t  all support locations be plotted in pIan view on the Log of Test Borings 
tracings per "Merr~o to Designers" 4-2. This plotting should hc clone prior to roqucsting a final 
foundation rcview 

"Caltrans improves mobility ucm.~s Uohfornro " 
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Construction Cor~siderations 

1. Ground water was encountered at this site during the geotechnical fidd investigation and 
should bc considt:rerl at all phascs of construction and pile installation. Ground water levels 
fluctuate seasona' ly and during construction may occur at elevations different from those 
indicated in this rcport. 

2. The large dia~netm CISS piles at Piers 2 through 16 should he driven to the specified tip 
elevation without undue interruption in order to minimize increase in driving resistance duc to 
soil "setup.'" 

3. At Piers 2 through 16, the calculated geotechnical capacity of the CISS piles above the 
potential scour e1t:vation of -2 fect for strength limit state (as rccommct~dcd in thc Hyrlsaulics 
Report for this ylroject), h x ~  been ignored for pile design purposes. However, the pile 
installation will have to account for the nominal driving resistance as indicated in thc above pilc 
data table. The Contractor's Driving System must be designed for the nominal driving 
rcsistances. A vil~ratory hammm may he used for the initial installation of the ClSS piles hut 
must not be used t hen  the pile tip is below elevation -2 feet. 

4. Depending on :hc typc and size o f  hammcr selected by I he Contractor, "ccntcr ref ief' drilling 
through the: CFSS and anchor piles may be necessary to assist piIe driving to the specified tip 
clcvations. 1-lowcvcr, prc-drilling ahead of thc pile is  not aIIowcd during pilc driving. Centcr 
relief drilling shall not be allowed within 5 ft of the end of the pile during the installation of both 
the production and anchor piles for this project. No drilling to assist driving (ccntcr rclief 
drilling) shall be allowed within the limits of undisturbed soil plug as recommrmded above. 
Equipment or metllods u s d  for clcaning out the shells shall not cause quick soil conditions. 

5 .  Due to the articipated pile installation in saturated soils, drilling through the CISS piles 
requircs maintaining a pressurc head inside the shells. During soil clcan out insidc the CISS 
piles, water/sluq. pressure head must be maintained in the shell above the nnticipatcd 
potcntiomctric le~leF of ground water to pruvcnt soil hlowout/quick soil conditions from 
occurring. If required, a maximum of P 0 feet of the recommended soil plug may be replaced by 
seal course. 

6. ARer the 1ater:il tip elevation has been achieved during pile driving, if a CTSS pilc rcfirses 
before reaching rhe specified tip elevation, this Office sl1aF1 be notificd for additional 
recommendations. 

7.  Newly placed embankment fill shall undergo a minimum settlement period and requires 
monitoring. For f ~rther information regarding waiting period, rcfcr to the Gcotcchnical Design 
Report (GDR) for EA 03- 1A432 1, dated 511 12008. Pile driving shaII commence affm the waiting 
period rccommenderI in the referenced GDR. 
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8. At Abutments 1 and I 7  of the new thc structure, wc rccammend that all the pipc pilcs be 
drivcn to the spec fied tip elevation provided in this rcport. However, if during pilc driving a pilc 
obtains two times the required nominal driving resistance as determined by Section 49-1.8 
'"caring Values anrl Pcnctration," of thc Stamlard Specifications beforc achieving thc specified 
tip elevation, plea 3e contact this Office for further evaluation. 

9. Thc Office of Ceotechnical Design - North should be invited to a pre-construction meeting. 

10. Accumulated :;oil debris should be removed from thc CISS pile prior to the placement of the 
stecl reinforcement and structural concrctc. This Office recommends that the Structure 
RcpresentativclResidcnt Engineer fully inspect pile installation and clean-out proccsscs of all the 
piles before placing the concrete and cage reinforcement. 

The recommendations contained in this memorandum are based on specific project information 
regarding structun: type, location and design loads that have bcen provided by Structure Dcsiha. 
If any conceptual hanges to the structure are proposed during final project design, the Office of 
Geatechnical Design - North should review thosc changes to determine if thc foundation 
recommendations contained herein are still applicable. 

Project Tnformati on 

Standard Special I'rovision S5-280, "Project Tnfomation", discloses to bidders and contractors a 
list of pertinent infomation available for thcir inspection prior to hid opcning, Thc following is 
an excerpt from SSP S5-280 disclosing information originating from Geotechnical Services. 
Items listcd to be included in thc Information Handout will hc providcd in Acrobat (.pdf) format 
to thc atldrcssec (s 1 of this rcport via electronic mail. 
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Data and ip~formration aftached with the project pEa~ls are: 
I .  I,oa QJ' 7:?.~.rt Borin~s (New Fcathcr Rivcv Bridge, Rr No 28-0026 R) 

Data and I!firmrzriun incltidcd in rhc Information SZandozit provided to fhc hidd~~rs and 
contractors arc: 

I .  Foundation Report (New Fcathcr River Rridgc, Ijr No Ir9-0026R$, dmcd 13/7/2008 
2. lnrivcal ~ility Sfz&, dated 4/25/2 008 
3. G~of~cj~nicaJ Jlcsi~n Report, fbr !<A 113- lA432 1,  dated 3/1/2008 

If you have any qlrestions or need 
B,2mc at (9 1 6) 227 -7l69, or Ron R 

Report by: 

Engineering Geoloyst 
OfEec of Gcotcchr i e d  Desibn-North Officc irt'~;cotccl~n~cal Dcsign-North 

Reviewed by: 

.__-- 4' -r 

/ & . L  
.-+ -A ,&; ; , y - - - - -  

REID BUELL, C.E:.G. No. 1481 
~ L ' P "  

Senior Enginccrint ; Geologist 
Office of Geotechr ical Design-North 

c: R.E. Pending File 
Structure OE (E-copy) 
PCE (E-copy) 
DME (E-copy) 
GDN File 
GS Filc 

Abu 



State of California 
Department o f  Transports ion 

Rusincss. Tmnsportation and Housing Agency 

M e m o r a n d u m  

TO: MR. JEFF SIMS 
Senior Bridge hgirlccr 
Structure Design North, Branch 1 

Attention: Greg Jones 

Date: August 7,2008 

File: 03-SUT-99-PM 12.03 
03-1 A432 1 
Hwy 99 Widen, Seg 2 
New Garden Highway UC 
Bridge Br. No. 18-0025R 

From: DEPARTMENT OF TRANSPORTATlON 
DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAI, SERVICES - MS 5 

Sa bject: Foundation Report 

Scope of  Work 

The Office of Gectechnical Design-North (OGD-N) presents this Foundation Report for the 
propostrl new Garden Highway Undercrossing (Br. No. 18-0025R) located on U.S. Highway 
(Hwy) 99 in Sutter County. The conclusions and recommendations provided in this report: are 
basccl primarily on ,h ta  generated from a subsurface explorzilion program conducted En August to 
September 2007, fcr the foundation o f  the new bridge. The study also included a review of 'As- 
Built' records of thc existing bridge and other pertinent geologic records. The subsurface 
invcstigation included drilling and sampling the foundation soil at the site. Selected soil samples 
wcre analyxcd and r hc results used to characterize and evaluate the suhsudace soil and determine 
its suitability as f o ~  ndation matctial for thc ncw bridgc. Onc mud rotary soil boring was drilled 
and sampled for each abutment location of the proposed new bridge. The borings were from 12 1 
to 132 ft deep. Thc Log of Test Borings (LQTBs) cleveloped from this field invcstigation wf lf bc 
forwarded when finalized. 

Project Descriptiorl 

This project is part of Segmcnt 2 sf the Hwy 99 widrming program. Gardcn Hwy UC Bridge is 
located south of, md adjacent to, Fcather Rivtr Bridgc, approximately 20 miles north of 
Sacramento, on U.S. IIwy 99. It is approximately 0.25 mile west of Nicolaus, in Suttcr County, 
California. 

The new Garden Hwy Bridge (Br. No. IS-OO25R) will be constructed to the east side of the 
cxisting bridge (Br. No. 18-0025) on the same alignment. When completed, the existing bridgc 
will convey sozlthb~und traffic while the proposed new bridge will carry northbound traffic on 
Hwy 99. Thc cxisting bridgc is a two-lanc structure constructed in I95X. It is a P 12 ft Tong, 44 
ft wide bridge consisting of three spans made of continuous Reinforced Concrete (RC) slabs 
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supported by Class 90 RC piles at the bents. The abutments are comprised of RC open cnd 
diaphragms also su 3ported by Class 90 RC piles. The existing bridge was widcncd in 1996 on 
the west side by ail additional structure that matched the original bridge but is supported by 
driven pipe piIcs. 

The ncw bridge will be about 104 ft long by about 46 ft widc and will he constxuctcd to the east 
of the existing bridge on a similar alignment, separated by a median that is approximately 6 ft 
wide. It will consist of a simple span comprised of Cast-in-Place Pre-Stressed (CTPJ PS) box 
girder on seat type 2 butments, supported by CIass 140 pipe pile foundations. 

The existing bridgc crosscs over Garden Highway on the south bank of the Feather Rivcr west of 
Nicolaus. The project is located on farmland covered by nut trees. Based on the project 
Foundation Plan da~ed July 13,2007, thc original ground surlhcc at thc sitc is generally flat, 
ranging in elevation fi-om approximately 34 to 35 it. The finished grade of the new bridge and 
the approach roadway will bc 5 1 and 53 fl at Abutments 1 and 2 rcspectivcl y. Tl~e site is casil y 
accessible from Hw y 99. 

Thc elevations use? in this report are referenced to the NGVD29 Vertical Datum as provided on 
the project Foundation Plans dated July 13,2007. 

Summary of Sitc C:eology and Subsurface Conditions 

According to the G~:oFogy of California (Nonis and Webb 1990, znd Edition), the existing bridge 
sitc i s  located within the Grcnt Valley geornarphic province of California. The Geology Map of 
the Sacramento Q~ladrangle (Wagner, Jennings, Bedrossian and Bortugno, Second Printing, 
1987) indicates thal thc sitc i s  underlain by Quaternary alIuvium of Holocene age. T l~e  Holoccnc 
alluvium (Q)  is co npsised of upper natural levee and channel deposits (Qa) and lower basin 
deposits (Qh). These Holocene materials consist of poorly sorted stream and basin dcposits from 
clay to boulder sizc that overlie older alluvial formations at the site. 

Thc subsurface invr:stigation conducted from August to Septcrnbcr 2007, cxplorcd to a maximum 
depth of 1 32 feet, One boring was driIIed to approximately correspond to each abutment support 
location of thc new bridgc. A temporary piezometer was installed in Boring 07-B3 for pound  
water measurement 

The subsurface soil cncountered during this foundation investigation consists mainly of granular 
materials of sand arid gravel with interbeds of clay and silt. Thc granular soil consists of fine to 
coarse grained layers of loose to very dense silty sand, sand and gravcl. Thc cohcsive soils 
consist of stiff to hard sandy clay and silt with clay. The soil layers are generally micaceous and 
contain orgmic material and iron oxidcs in placcs. 
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The soil layers encc~untmcd can be generalized as follows: 

1. An uppcr layer of stiff to very stiff silt and clay with loose to medium dense silty 
sand. T ?is layer generally extends fiorn original ground surface to approximately 
elevatio.1 16 feet (Boring 07-B3). 

2. Below thc abovc layer is a layer of loose to medium dense sand and silty sand that 
cxtcnds approximately to elevation 0 feet (Borjngs 07-R3 and 07-B4). 

3. Next is ii layer of medium dcnse to very dense gravel with sand and silt which cxtcnds 
to approximately elevation - 13 feet. 

4. Below tllc nbovc, is a layer of stiff to hard clay that extends to an clcvation of about 
-37 feet (Boring 07-B3). 

5.  The next layers consist of alternating beds of medium dense to dense sand and very 
dcnse gravel that extcnd to thc maximum depth cxplored, elevation - 1 00 feet. 

The boring data will be provided on the LOTBs for this project. 

Ground Water 

Ground water was t:ncountered at eIevation 16 feet in November 2007 at Boring number 0 7 4 3 .  

Scour EraIuation 

Surfacc water in the vicinity of the project will hc limitcd to local storm water run-off, which 
must he controlled in shallow ditches or channels and directed away from foundation elements 
and cmhankment fi 11s. Thcrc arc no scour effccts on thc ncw bridgc foundation because there is 
no water way under, or adjacent to the proposed new bridge. 

Corrosion Evalual ion 

Caltrans considers .I site to be corrosive to foundation elements if one or more of thc following 
conditions exist for thc representative soil andlor water samples takcn at the site: 
Chloride canccntr ation i s  500 ppm or greater, sulfate concentration is 2000 pprn or greater, 
or the pH is 5.5 or less. 

Laboratory results fnr soil samples collected and analyzed during this foundation study are shown 
in thc following tablc. 
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Table --- 1: Corrosion Test Summay Rcyort-Garden - --- Hwy UC 
Chlonde Sulfate 

(TLIOI) (Location) Type Depth (ill Resistivity PH Content Content 
oh-cm) ( p ~ m )  O P ~ I )  

0- 1 9794 6.35 

Rased on thcsc rc5ults, the native soil bencath the project site is not corrnsivc to foundation 
elements per Caltrans standards. 

Seismic Study 

Final Seismic Deign Recommendations for this project have been provided in a separate report 
dated April 29, 21108. Please contact Mr. Reza Mahallati at 91 6-227-1033 for additional 
information this iss le. 

As-Built Foundation Data 

The original struct~~rc constructed in 1958 is supported on Class 90 Rcinforccd Concrctc (RC) 
piles as shown in the table below. 

Thc original bridge was widcncd to the west in 1996. The wi dencd portion is supported on Class 
140 pipe piles. 

T i 1 1  

Foundation Recon~mendntions 

The proposer1 new Gnrdcn Highway UC Bridge (Br. No. 78-0025), as indicatcd on thc Garden 
Highway UC Central Plan, March 20, 2008, may be supported on Class 140 pipe piles at 
Abutments 1 and 2 ~ccording to thc table bdow. 

Spectfied Tip Elevation (A) 
- 0.0 - 
- 0.0 
- 0.0 

clah:s-- - 0.0 

1 Pile Type 

"Caltrans improves mohiiit,~ acro.q.r Culifimio " 

Hent 2 
Class 90 RC' p~lcs 

C l i i s  90 RC PiEcs 
Class 90 KC Piles 
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Notes: 

1) Dc.~ign tip   lev at ions nre cnrarrolled by: (a) C'ompr~ssion, (c) Setllerncnt 
2) D r . ~ i ~ n  l ip  elrvation ,for s r t ( l ~ m ~ n l  is nor npplicnhl~ to Ahrtnnrnt I 
3) Thr. sp~ciJ; P[I tip clcwttion shall not he misrtl ohow the  &ign / ip clcvn/inn,for- ~ o l ~ l n h l ~  ,srttIrnr~nt 

Constrrrction Considerations 

Ahntn~cnt F a r m n  Recommendations - (Chrden IAighway - UC BridgeJ 

1. All ncwly placed embankment fills shall undergo a minimum settlement period that. requires 
monitoring. For details regarding waiting period, refer to the Geotechnical Design Rcport for EA 
03- 1 A432 1, dated 5 '1  /2008. 

Spccifi ed 
'rip 

Elevation 
(ft) 

-6.0 

-6.0 

2. Piles shall be driven in predrilled holes through the existing and new fill, to elevation 34 ft at 
Abutmcnts 3 and 2. Prc-drilling shall hc pcrformcd in accordance of Section 49-1-06 of thc 
Standard Specifications. 

Design Tip 
EIcvations (ft) 

-6.0(a) 

support 

Abut 1 

Nominal: 
Driving 

Resistance 
Required (kips) 

260 

260 

3. At Abutmcnts 1 and 2 of the new structure, we recommend that all the pipe piles be driven to 
the specified tip elevation provided in this report. However, if during driving a pile achieves 2 
times thc required c riving resistance within 5 ft of the specified tip elevation, as dctmmincd by 
Section 49-1.8 "Rcrlring Values and Pcnetration," of the Standard Specifications, i t  shall bc 
considered adequatc and may be cut offupon the approval of the Engineer. 

4. Thc Officc of Gcotcchnical Dcsign-North should be invited to a pre-construction mccting. 

Abut 

pile 

Class 140 
Alt. W 

Thc rccommcndations contained in this memorandum arc based on specific projcct information 
regarding structure I ype, location and design loads that have berm provided by Structure 13csi.p. 
If any conceptual changes to the structure arc proposed during final project design, the Office of 
Geotechnical Design-North should review tilose changes to determine if the foundation 
recommendations contained herein are still applicable. 

Project information 

Class 140 
Alt. W 

~ ~ t - ~ f i .  
Elevation (ftj 

47.14 

Standard Special Prr3vision S5-280, "Project Information", discloses to bidders and contractors a 
list of pertinent infcrmation available for their inspection prior to bid opening. Thc following is 
an excerpt from SSP S5-280 disclosing information originating from Geotechnical Services. 

48.65 

LRFD Service-1 Limit 
I; tatc 1,oad (kips) pcr 

Slrpport 

LRFD Service-' 
Idirnit State Total 
Load (kips) per 

Pile 
(Conlpression) 

-I------P 

130 

Totat 

I640 

Resistance 
Rips) 

260 

Pcrmancnt 

1352 

1640 130 1352 260 -h.O(a), 7.5(c) 





,+$""*' O' " I 
\.$ ++- i 

/ UNITED STATES DEPARTMENT OF COMMERCE . .  
1 I National Oceanic and  Atmospheric Administration 

' '& ; NAT!UNAL MARINE FSVEPIES SERVICE 
*'ar, or ** I Southwest Region 

501 West Ocean Boulevard, Suite 4200 
Long Beach, California 90802-4213 

In  response refer to: 
JUN 3 2089 2009100364 

Susan D. Bauer 
Chief, Environmental Management 
Department of Transportation 
703 B Street, P.O. Box 91 1 
Marysville, California 95901-091 1 

Dcar Ms. B a ~ ~ e r :  

Enclosed is NOAA's National Marine Fisheries Service's (NMFS) biological and conference 
opinion (BO) (Enclosure 1) for the proposed Feather River Bridge project (Project) located in 
Sutter County, California, and its effects on Central Valley (CV) Spring-run Chinook sallnon 
(O~lcorhytzchus tshn~~,yischa), California CV Steelhead (0. mykiss), and Southern DPS of North 
American green sturgeon (Acipeiz.rer nzedirostris) in accordance with section 7 of the 
Endangered Species Act (ESA) of 1973, as amended (16 U.S.C. 1531 et seq.). Your initial 
request for formal section 7 consultation on this project was received on February 5,2009. On 
Febr~~ary 9, 2009, formal consultation was initiated by NMFS' Sacramento Area Office. 

This BO is primarily based on the biological assessment (BA) provided on Febmary 5, 2009 
The BA incorporated recommendations and addressed NMFS comments as discussed in 
meetings, correspondence, and emails. As the project action area has been included as the 
proposed critical habitat for North American green sturgeon (published on September 8, 2008, 
73 FR 52084), this BO is also a conference opinion addressing impacts to North American green 
sturgeon proposed critical habitat, which could be adopted as a biological opinion if and when 
the proposed project area is included in the final designation for North American green sturgeon 
proposed critical habitat. 

Based on the best available scientific and commercial information, the BO concl~~des that the 
Project, as presented by the California Department of Transportation, is not likely to jeopardize 
the continued existence of the listed species or destroy or adversely modify designated or 
proposed critical habitat. NMFS anticipates that the proposed project will result in the incidental 
take of spring-run Chinook salmon, CV steelhead, and North American green sturgeon. An 
incidental take statement that incl~rdes reasonable and prudent measures and non-discretionary 
terms and condilions that are intended to minimize the impacts of the anticipated incidental take 
of CV spring-run Chinook salmon, CV steelhead, and Southern DPS of North American green 
sturgeon is included with the BO. 



Also enclosed are NMFS' Essential Fish Habitat (EFH) conservation recommendations for 
Pacific salmon (0. tslzn~vytschn) as required by the Magnuson-Stevens Fishery Conservation and 
Management Act as amended (16 U.S.C. 1801 et seq.; Enclosure 2). The document concl~~des 
that the Project will adversely affect the EFH of Pacific salmon in the action area and adopts 
certain terms and conditions of the incidental take statement and the ESA conservation 
recommendations of the BO as the EFH conservation recommendations. 

Please contact Monica Gutierrez at (916) 930-3657, or via e-mail at 
Monica.Gutiersez@noaa.gov, if you have any questions regarding this response or require 
additional information. 

Sincerely, 

Regional Administrator 

Enclosures (2) 

cc: Copy to file - ARN# 151422SWR2009SA00078 
NMFS-PRD, Long Beach, CA 
Bryan Chesney, Long Beach, CA 



Enclosure 1 

BIOLOGICAL and CONFERENCE OPINION 

ACTION AGENCY: California Department of Transportation 

ACTION: Feather River Bridge Project 

CONSULTATION 
CONDUCTED BY: Southwest Region, National Marine Fisheries Service 

FILE TRACKING NUMBER: 151422SWR200900078 

DATE ISSUED: \b..% ?I a$oC\ 
I. CONSULTATION HISTORY 

The California Department of Transportation (Caltrans) is proposing to construct Segment 2 of 
the State Route (SR) 99 Safety and Operational Improvement Project (SR 99 SOIP) (Project) in 
Sutter County. California. The Feather River Bridge project has a series of three segments and 
Segment 2 will widen the existing roadway to the east; adding two additional lanes, a center 
medianiturn lane and eight foot shoulders. 

On September 4,2003, Federal Highway Administration (FI-IWA) and Caltrans were issued a 
biological opinion (BO) for Segment 1of the SR 99 SOIP. Since the time of the transmitted BO 
in 2003, green sturgeon has been listed as threatened, critical habitat has been designated for 
Chinook salmon and CV steelhead, and critical habitat has been proposed for North American 
green sturgeon. In addition, the agencies have agreed upon an interim criteria and methods for 
the evaluation of the effects of underwater noise from pile driving to fish. 

On November 24,2008, Caltrans, NMFS, Department of Fish and Game (CDFG), and two 
representatives from Jones and Stokes, attended a site visit at the Feather River Bridge project 
(Project) site to discuss construction effects to listed anadromous fish. 

On February 5, 2009, NMFS received a letter from Caltrans (District 3) requesting initiation of 
formal section 7 consultation under ESA. 

On February 9, 2009, formal consultation was initiated by NMFS' Sacramento Area Office. 

On March 13, 2009, Suzy Melim (Caltrans), Monica Gutierrez (NMFS), Julie Cunningham 
(CDFG), Gary Uobgood (CDFG), and Duane Massa (CDFG) participated in a teleconference to 
discuss mitigation measures for the Project description. 
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II.  DESCRIPTION OF THE PROPOSED ACTION 
 
A. Construction Activities 
 
Caltrans is proposing a highway improvement project on SR 99 in Sutter County, California.  
The proposed Project involves widening the SR 99, which will begin 0.2 miles north of Power 
Line Road and ends 0.6 miles north of Sacramento Avenue.  The bridge widening will be along 
the east side of the existing alignment.  Both the new Garden Highway under crossing (UC) and 
new Feather River Bridge will accommodate northbound traffic while the existing Garden 
Highway UC and the existing Feather River Bridge will accommodate southbound traffic. 
Caltrans also proposes to upgrade the existing drainage facility including extension of the three 
cross culverts and construction of two new cross culverts and three parallel culverts to connect 
roadside ditches and improve flow.   
 
The new Feather River Bridge will be parallel to the existing bridge and will extend from levee 
to levee like the existing bridge.  The new 1,300 foot long bridge will be built across the Feather 
River and through the floodplain.  The bridge will be supported by two abutments (Abutment 1 
and 17) and a total of 15 piers (Piers 2-16) (Figure 1).  Each pier will consist of two 7.5-foot 
diameter cast in steel shell (CISS) piles.  Pier 2 is on the edge of the backwater area on the south 
side of the river.  Pier 3 and 8 will be located in an upland area, but near enough to the river to 
generate pile driving sound to the water.  Piers 4-7 will be located within the ordinary high water 
mark (OHWM) of the Feather River.  Piers 9-15 will be located on the upland area between the 
river and Nelson Slough.  Pier 16 is located on the edge of Nelson Slough.  The abutments will 
be located on the existing levees.   
 
The construction of the CISS piles will involve pile driving with an impact hammer, remove the 
dirt from within the pile, and then placing a steel structure and concrete within the pile.  In 
addition to the permanent bridge piles, the contractor will likely drive smaller piles (20-24 inch 
pipe piles) within the live channel and the backwater for the temporary trestle.  There will be two 
temporary bents between each pier to support the bridge deck during construction, 9 or 10 of the 
temporary bents would be in-water (depending on the presence of water in the backwater channel 
at the time of installation).  Each temporary in-water bent would consist of 8, 24-inch diameter 
piles, for a total of 72 to 80 piles.   
 
Within the live channel of the Feather River there will be four piers (2 7.5-foot diameter CISS 
piles each for a total of 8 CISS piles).  The trestle is expected to require 52 piles (20-24 in piles) 
in order to span the Feather River.  The temporary bents will result in an additional 72 piles 
(approximately 24 inch piles) driven within the active stream channel.  All trestle and bent piles 
will be removed following construction.  These construction activities will result in the removal 
of 0.20 acres (ac) of non-wetland riparian adjacent to the Feather River.  
 
 



 
 
Figure 1.  Location of piers and abutments across Feather River 
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It will take approximately two seasons of in-water work and an additional two seasons of 
construction for upland piers and bridge deck, for a total of four seasons of bridge work.  The  
proposed Project is expected to begin in late summer of 2009 with the first season of in-stream 
work occurring in spring of 2010.   
 
B. Action Area 
 
Action area is defined as 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 purposes of this 
consultation, the action area consists of two components.  The terrestrial component of the action 
area is defined by: 1) the project footprint, including all cleared areas, and staging areas; and 2) 
construction noise levels in excess of ambient conditions.  The aquatic component of the action 
area is defined by: 1) the segment of the Feather River upstream and downstream of bridge 
construction sites where pile driving sound noise levels are expected to exceed ambient 
conditions; 2) construction-related water quality impacts in excess of ambient conditions; and 3) 
operational stormwater quality impacts in excess of ambient conditions.  A plan view map of the 
project vicinity showing the action area boundary is presented in Figure 1.  
 
The proposed Project is located on SR 99, post mile (PM) 11.1 (just south of Nicolaus Road) 
north to PM 14.3 (just north of Sacramento Avenue) in Sutter County, California (Figure 2).  The 
Project site is approximately 3.2 miles long and covers 125 acres within the Environmental 
Study Limits (ESL).  The proposed bridge will cross the Feather River near river mile (RM) 2.   
 
The Project area has two distinct environmental settings.  The first setting is where the new 
bridge will be located, which is within the confines of the Feather River levees.  Within the 
levees is open space designated as part of the CDFG Feather River Wildlife Area, which is used 
for hunting and other recreational activities.  Also within the levees are the Feather River, Nelson 
Slough (an overflow channel), and an adjacent backwater marsh area (located south of the river).  
The second environmental setting is outside the levees and consists of a variety of agricultural 
fields including orchards, row crops, alfalfa, and rice fields.  Associated with the agricultural 
fields are cross drains and some ditches that convey agricultural water.  There is one substantial 
cross ditch at Sacramento Avenue.   
 
The topography in the project area is mainly flat, having been leveled for agriculture.  Elevation 
ranges from 25 to 35 feet.  Levees north and south of the Feather River significantly alter the 
natural terrain and confine both the river and Nelson Slough.  The Mediterranean climate of the 
Central Valley is characterized by hot, dry summers, and cool, wet winters.   
 
The landform at the project area is primarily basin floor and floodplain at a slope of 0 to 2 
percent.  Soils are a mixture of Columbia fine sand, Hollillipah loamy sand, Marcum clay loam, 
Nueva loam, and Shanghai salt loam, primarily sourced from old alluvium parent material.  None 
of these soils are identified as hydric soils. 
 
The action area lies in the southern-most portion of the Lower Feather River watershed.  Water 
drains to the southwest.  Natural hydrological features in the project study area consist of the 



Feather River, an associated backwater marsh, and Nelson Slough (although this has been 
significantly altered).  Manmade resources consist of irrigation canals and ditches, which 
originate from the various agricultural fields.  Roadside ditches accumulate rainfall and highway 
runoff and are typically connected to the existing agricultural systems. 
 
The action area for the Project includes the Feather River channel, extending 1500 feet upstream 
and 1500 feet downstream of the new bridge segment; and the Feather River floodplain (which 
includes the Feather River Wildlife Area and Nelson Slough), and the area immediately under 
the new bridge deck.  This area is delineated because it represents the area within the Feather 
River which during high flow years; juvenile and rearing fish will use and thus could potentially 
be exposed to acoustic sounds of pile driving within the water column, floodplain, and slough.   
Nelson Slough is a densely vegetated riparian corridor at the base of the north levee and has 
isolated pools of standing water throughout the year.  There is no standing water within the 
project area.  However, in high flow years, juveniles are likely to rear in the Feather River 
Wildlife Area and Nelson Slough.  Therefore, these habitats are considered designated critical 
habitats.   
 

 
Figure 2.  Project location map of Feather River Bridge project (Caltrans 2008) 
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C. Proposed Conservation Measures 
 
The following conservation measures have been incorporated into the project design to avoid 
and/or minimize potential adverse effects of the proposed Project on special status fish species 
and their designated or proposed critical habitats.   
 

1. Prior to the start of construction, the contractor shall prepare a bridge construction plan.  
The plan will include a schedule of work and a methodology of implementation of all 
avoidance and minimization measures.  The plan will also outline a Plan B, which is a 
work stoppage plan if the acoustical monitoring results demonstrate an exceedance of the 
206 decibels (dB)(peak) for pile driving of piers 3-8.  The primary measure of Plan B will 
be to identify primary contacts at CDFG and NMFS to minimize take of listed 
anadromous fish species.  The bridge construction plan must be approved by Caltrans, 
CDFG, and NMFS. 

 
2. Pile driving for the 7.5 feet diameter CISS piles (for piers 3-8) will be limited to July 15 

through October 1.  
 

3. An attenuation casing with a confined bubble curtain will be used for all permanent in-
water piles (piers 4, 5, 6, & 7). 

 
4. An attenuation casing must be used for all in-water temporary bent piles and trestle piles 

(equal to or greater than 24-inch diameter) that are driven between June 15 and July 14.  
From July 15 to October 1, the temporary bent piles and trestle piles will not require an 
attenuation casing. 

  
5. Caltrans will have in-water acoustical monitoring in place during the pile driving of the 

CISS piles that make up piers 3-8.  If the construction activity results in an exceedance of 
the 206 dB(peak), the monitor will notify Caltrans and the contractor will stop driving 
piles at those piers and implement Plan B of the bridge construction plan. 

 
6.  Pile driving will be limited to daylight hours to avoid crepuscular and nocturnal 

migration periods. 
 

7. Caltrans will minimize loss of riparian and other streamside vegetation through the use of 
Environmentally Sensitive Areas (ESAs) which are demarcated on the plans and marked 
in the field with signs and/or fencing. Willows within 50 feet of the edge of the Feather 
River will be trimmed to ground level.  Only those that are in the foot print of a bridge 
pile or temporary falsework pile will be removed.  

 
8. Prior to initiation of construction, Caltrans will prepare and have approved by NMFS and 

CDFG a riparian restoration plan onsite. This plan will include restoration of areas 
impacted by the proposed Project, as well as areas that have been disturbed from previous 
activities or events. Areas restored from previous activities or events will be used as 
compensation for the permanent loss of riparian habitat due to the new bridge. 
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9. River will be trimmed to ground level.  Only those that are in the foot print of a bridge 
pile or temporary falsework pile will be removed.  

 
10.  Prior to initiation of construction, Caltrans will prepare and have approved by NMFS    

and CDFG a riparian restoration plan onsite. This plan will include restoration of areas 
impacted by the proposed Project, as well as areas that have been disturbed from 
previous activities or events. Areas restored from previous activities or events will be 
used as compensation for the permanent loss of riparian habitat due to the new bridge. 

 
11.  Any riparian vegetation removal within 250 feet of the Feather River, that cannot be         

restored onsite, must be mitigated offsite at a ratio of 3:1.  Caltrans is proposing the 
Beach Lake Mitigation bank for this compensation. 

 
12. The following are water quality measures that will be implemented during construction 

of the proposed project: 
 

• Caltrans will implement all applicable Best Management Practices (BMPs) to 
avoid sedimentation, spills, etc.   

• The contractor will be required to prepare a Stormwater Pollution Prevention Plan 
(SWPPP). 

• During construction, all equipment refueling and maintenance shall occur more 
than 200 feet from the main channel, except for the pile driver(s) or other 
stationary equipment.  Any spill within the floodplain and active channel of the 
Feather River shall be reported to NMFS, CDFG and any other appropriate 
resource agencies within 48 hours. 

• The contractor shall have an absorbent boom available within 250 feet of the live 
channel during all in channel work and work on piers 3-8 to be readily prepared 
for quick containment of any unanticipated spills within or adjacent to the Feather 
River.  

• All measures from the 1602 Streambed Alteration Agreement, 404 and 401 water 
quality certifications/permits will be adhered to. 

• All vegetation will be removed outside of the migratory bird nesting period        
September 1 – February 15; however erosion control measures will be 
implemented to minimize runoff of sediment.  If the vegetation cannot be 
removed outside of the nesting period then a pre-construction survey of the 
vegetation will be completed by a qualified biologist and a report sent to CDFG. 
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III.  STATUS OF THE SPECIES AND CRITICAL HABITAT 
 
The following Federally listed species evolutionary significant units (ESU) or distinct population 
segments (DPS) and designated or proposed critical habitat occur in the action area and may be 
affected by the proposed project: 
 

Central Valley spring-run Chinook salmon ESU (Oncorhynchus tshawytscha) 
threatened (June 28, 2005, 70 FR 37160) 

Central Valley spring-run Chinook salmon designated critical habitat 
(September 2, 2005, 70 FR 52488) 

Central Valley steelhead DPS (Oncorhynchus mykiss) 
threatened (January 5, 2006, 71 FR 834) 

Central Valley steelhead designated critical habitat 
(September 2, 2005, 70 FR 52488) 

Southern DPS of North American green sturgeon (Acipenser medirostris) 
threatened (April 7, 2006, 71 FR 17757) 

 Southern DPS of North American green sturgeon proposed designated critical  
habitat (September 8, 2008, 73 FR 52084) 
 

A. Species and Critical Habitat Listing Status 
 
In 2005, NMFS completed an updated status review of 16 salmon ESUs, including Sacramento 
River winter-run Chinook salmon and CV spring-run Chinook salmon, and concluded that the 
species’ status should remain as previously listed (June 28, 2005, 70 FR 37160).  On January 5, 
2006, NMFS published a final listing determination for 10 steelhead DPSs, including Central 
Valley steelhead.  The new listing concludes that CV steelhead will remain listed as threatened 
(71 FR 834). 
 
1.  CV spring-run Chinook salmon 
 
NMFS listed the CV spring-run Chinook salmon ESU as threatened on September 16, 1999 (64 
FR 50394).  In June 2004, NMFS proposed that CV spring-run Chinook salmon remain listed as 
threatened (69 FR 33102).  This proposal was based on the recognition that although CV spring-
run Chinook salmon productivity trends are positive, the ESU continues to face risks from 
having a limited number of remaining populations (i.e., 3 existing independent populations from 
an estimated 17 historical populations), a limited geographic distribution, and potential 
hybridization with Feather River Hatchery (FRH) spring-run Chinook salmon, which until 
recently were not included in the ESU and are genetically divergent from other populations in 
Mill, Deer, and Butte Creeks.  On June 28, 2005, after reviewing the best available scientific and 
commercial information, NMFS issued its final decision to retain the status of CV spring-run 
Chinook salmon as threatened (70 FR 37160).  This decision also included the FRH spring-run 
Chinook salmon population as part of the CV spring-run Chinook salmon ESU.  Critical habitat 
was designated for CV spring-run Chinook salmon on September 2, 2005 (70 FR 52488).  
Designated critical habitat includes approximately 8,935 net miles (mi) of riverine habitat and 
470 mi² of estuarine habitat (primarily in San Francisco-San Pablo-Suisun Bays) in California 
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(70 FR 52488).  The Feather River is designated critical habitat for CV spring-run Chinook 
salmon.   
 
2.  CV steelhead
   
CV steelhead were originally listed as threatened on March 19, 1998 (63 FR 13347).  This DPS 
consists of steelhead populations in the Sacramento and San Joaquin river basins in California’s 
Central Valley.  In June 2004, after a complete status review of the 26 west coast salmon DPSs, 
NMFS proposed that CV steelhead remain listed as threatened (69 FR 33102), while the other 
Chinook salmon and steelhead were further reviewed.  On June 28, 2005, after reviewing the 
best available scientific and commercial information, NMFS issued its final decision to retain the 
status of CV steelhead as threatened (70 FR 37160).  This decision also included the Coleman 
National Fish Hatchery and FRH steelhead populations.  These populations were previously 
included in the DPS but were not deemed essential for conservation and thus not part of the 
listed steelhead population.  Critical habitat was designated for CV steelhead on September 2, 
2005 (70 FR 52488).  Critical habitat includes the stream channels to the ordinary high water line 
within designated stream reaches such as those of the American, Feather, and Yuba Rivers, and 
Deer, Mill, Battle, Antelope, and Clear Creeks in the Sacramento River basin; the Calaveras, 
Mokelumne, Stanislaus, and Tuolumne Rivers in the San Joaquin River basin; and, the 
Sacramento and San Joaquin Rivers and Delta.   
 
3.  Southern DPS of North American Green Sturgeon 
 
The Southern DPS of North American green sturgeon was listed as threatened on April 7, 2006, 
(70 FR 17386).  The Southern DPS presently contains only a single spawning population in the 
Sacramento River, and adults and juveniles may occur within the action area.  NMFS issued 
proposed critical habitat for the Southern DPS of North American green sturgeon on September 
8, 2008 (73 FR 52084).  The areas proposed as critical habitat include:  coastal U.S. marine 
waters within 110 meters (m) depth from Monterey Bay, California (including Monterey Bay), 
north to Cape Flattery, Washington, including the Strait of Juan de Fuca, Washington, to its 
United States boundary; the Sacramento River, lower Feather River, and lower Yuba River in 
California; the Sacramento-San Joaquin Delta and Suisun, San Pablo, and San Francisco bays in 
California; the lower Columbia River estuary; and certain coastal bays and estuaries in California 
(Humboldt Bay), Oregon (Coos Bay, Winchester Bay, and Yaquina Bay), and Washington 
(Willapa Bay and Grays Harbor).   

 
B.  Species Life History, Population Dynamics, and Likelihood of Survival and Recovery 
  
1.  Chinook salmon 
 
a. General Life History 
 
Chinook salmon exhibit two generalized freshwater life history types (Healey 1991).  “Stream-
type” Chinook salmon, enter freshwater months before spawning and reside in freshwater for a 
year or more following emergence, whereas “ocean-type” Chinook salmon spawn soon after 
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entering freshwater and migrate to the ocean as fry or parr within their first year.  CV spring-run 
Chinook salmon exhibit a stream-type life history.  Adults enter freshwater in the spring, hold 
over summer, spawn in fall, and the juveniles typically spend a year or more in freshwater before 
emigrating.  Winter-run Chinook salmon are somewhat anomalous in that they have 
characteristics of both stream- and ocean-type races (Healey 1991).  Adults enter freshwater in 
winter or early spring, and delay spawning until spring or early summer (stream-type).  
However, juvenile winter-run Chinook salmon migrate to sea after only 4 to 7 months of river 
life (ocean-type).  Adequate instream flows and cool water temperatures are more critical for the 
survival of Chinook salmon exhibiting a stream-type life history due to over summering by 
adults and/or juveniles. 
 
Chinook salmon typically mature between 2 and 6 years of age (Myers et al. 1998).  Freshwater 
entry and spawning timing generally are thought to be related to local water temperature and 
flow regimes.  Runs are designated on the basis of adult migration timing; however, distinct runs 
also differ in the degree of maturation at the time of river entry, thermal regime and flow 
characteristics of their spawning site, and the actual time of spawning (Myers et al. 1998).  Both 
spring-run and winter-run Chinook salmon tend to enter freshwater as immature fish, migrate far 
upriver, and delay spawning for weeks or months.  For comparison, fall-run Chinook salmon 
enter freshwater at an advanced stage of maturity, move rapidly to their spawning areas on the 
mainstem or lower tributaries of the rivers, and spawn within a few days or weeks of freshwater 
entry (Healey 1991). 
 
During their upstream migration, adult Chinook salmon require stream flows sufficient to 
provide olfactory and other orientation cues used to locate their natal streams.  Adequate stream 
flows are necessary to allow adult passage to upstream holding habitat.  The preferred 
temperature range for upstream migration is 38 to 56 degree Fahrenheit (°F) (Bell 1991; CDFG 
1998).  Boles et al. (1988) recommends water temperatures below 65 °F for adult Chinook 
salmon migration, and Lindley et al. (2004) report that adult migration is blocked when 
temperatures reach 70 °F, and that fish can become stressed as temperatures approach 70 °F.  
Reclamation reports that spring-run Chinook salmon holding in upper watershed locations prefer 
water temperatures below 60 °F; although salmon can tolerate temperatures up to 65 °F before 
they experience an increased susceptibility to disease. 
 
Information on the migration rates of adult Chinook salmon in freshwater is scant and primarily 
comes from the Columbia River basin where information regarding migration behavior is needed 
to assess the effects of dams on travel times and passage (Matter and  Sandford 2003).  Keefer 
and others (2004) found migration rates of Chinook salmon ranging from approximately 10 
kilometers (km) per day to greater than 35 km per day and to be primarily correlated with date, 
and secondarily with discharge, year, and reach, in the Columbia River basin.  Matter and 
Sanford (2003) documented migration rates of adult Chinook salmon ranging from 29 to 32 km 
per day in the Snake River.  Adult Chinook salmon inserted with sonic tags and tracked 
throughout the Delta and lower Sacramento and San Joaquin rivers were observed exhibiting 
substantial upstream and downstream movement in a random fashion while on their upstream 
migration (California Bay-Delta Authority (CALFED) 2001).  Adult salmonids migrating 
upstream are assumed to make greater use of pool and mid-channel habitat than channel margins 
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(Stillwater Sciences 2004), particularly larger salmon such as Chinook salmon, as described by 
Hughes (2004).  Adults are thought to exhibit crepuscular behavior during their upstream 
migrations; meaning that they primarily are active during twilight hours.  Recent hydro-acoustic 
monitoring showed peak upstream movement of adult CV spring-run Chinook salmon in lower 
Mill Creek, a tributary to the Sacramento River, occurring in the 4-hour period before sunrise 
and again after sunset. 
 
Spawning Chinook salmon require clean, loose gravel in swift, relatively shallow riffles or along 
the margins of deeper runs, and suitable water temperatures, depths, and velocities for redd 
construction and adequate oxygenation of incubating eggs.  Chinook salmon spawning typically 
occurs in gravel beds that are located at the tails of holding pools (USFWS 1995).  The range of 
water depths and velocities in spawning beds that Chinook salmon find acceptable is very broad.  
The upper preferred water temperature for spawning Chinook salmon is 55 to 57 °F (Chambers 
1956; Smith 1973; Bjornn and Reiser 1991; Snider 2001). 
 
During the 4 to 6 week period when alevins remain in the gravel, they utilize their yolk-sac to 
nourish their bodies.  As their yolk-sac is depleted, fry begin to emerge from the gravel to begin 
exogenous feeding in their natal stream.  The post-emergent fry disperse to the margins of their 
natal stream, seeking out shallow waters with slower currents, finer sediments, and bank cover 
such as overhanging and submerged vegetation, root wads, and fallen woody debris, and begin 
feeding on zooplankton, small insects, and other micro-crustaceans.  As they switch from 
endogenous nourishment to exogenous feeding, the fry’s yolk-sac is reabsorbed, and the belly 
suture closes over the former location of the yolk-sac (button-up fry).  Fry typically range from 
25 mm to 40 mm during this stage.  Some fry may take up residence in their natal stream for 
several weeks to a year or more, while others actively migrate, or are displaced downstream by 
the streams’ current.  Once started downstream, fry may continue downstream to the estuary and 
rear, or may take up residence in river reaches along the way for a period of time ranging from 
weeks to a year (Healey 1991). 
 
Rearing fry seek near shore habitats containing beneficial aspects such as riparian vegetation and 
associated substrates important for providing aquatic and terrestrial invertebrates, predator 
avoidance, and slower velocities for resting (NMFS 1996a).  The benefits of shallow water 
habitats for salmonid rearing also have recently been realized as shallow water habitat has been 
found to be more productive than the main river channels, supporting higher growth rates, 
partially due to higher prey consumption rates, as well as favorable environmental temperatures 
(Sommer et al. 2001).  
 
When juvenile Chinook salmon reach a length of 50 to 57 mm, they move into deeper water with 
higher current velocities, but still seek shelter and velocity refugia to minimize energy 
expenditures.  In the mainstems of larger rivers, juveniles tend to migrate along the margins and 
avoid the elevated water velocities found in the thalweg of the channel.  When the channel of the 
river is greater than 9 to 10 feet in depth, juvenile salmon tend to inhabit the surface waters 
(Healey 1982).  Migrational cues, such as increasing turbidity from runoff, increased flows, 
changes in day length, or intraspecific competition from other fish in their natal streams may 
spur outmigration of juveniles when they have reached the appropriate stage of maturation 



 12

(Kjelson et al. 1982; Brandes and McLain 2001). 
 
Similar to adult movement, juvenile salmonid downstream movement is primarily crepuscular.  
Martin et al. (2001) found that the daily migration of juveniles passing Red Bluff Diversion Dam 
(RBDD) is highest in the four hour period prior to sunrise.  Juvenile Chinook salmon migration 
rates vary considerably presumably depending on the physiological stage of the juvenile and 
hydrologic conditions.  Kjelson et al. (1982) found fry Chinook salmon to travel as fast as 30 km 
per day in the Sacramento River and Sommer et al. (2001) found rates ranging from 
approximately 0.5 miles up to more than 6 miles per day in the Yolo Bypass.  As Chinook 
salmon begin the smoltification stage, they prefer to rear further downstream where ambient 
salinity is up to 1.5 to 2.5 parts per thousand (Healey 1980; Levy and Northcote 1981). 
 
Fry and parr may rear within riverine or estuarine habitats of the Sacramento River, the Delta, 
and their tributaries.  In addition, Central Valley Chinook salmon juveniles have been observed 
rearing in the lower reaches of non-natal tributaries and intermittent streams in the Sacramento 
Valley during the winter months (Maslin et al. 1997; Snider 2001).  Within the Delta, juvenile 
Chinook salmon forage in shallow areas with protective cover, such as intertidal and subtidal 
mudflats, marshes, channels, and sloughs (McDonald 1960; Dunford 1975).  Cladocerans, 
copepods, amphipods, and larvae of diptera, as well as small arachnids and ants are common 
prey items (Kjelson et al. 1982; Sommer et al. 2001; MacFarlane and Norton 2002).  Shallow 
water habitats are more productive than the main river channels, supporting higher growth rates, 
partially due to higher prey consumption rates, as well as favorable environmental temperatures 
(Sommer et al. 2001).  Optimal water temperatures for the growth of juvenile Chinook salmon in 
the Delta are between 54 to 57 °F (Brett 1952).  In Suisun and San Pablo Bays water 
temperatures reach 54 °F by February in a typical year.  Other portions of the Delta (i.e., South 
Delta and Central Delta) can reach 70 °F by February in a dry year.  However, cooler 
temperatures are usually the norm until after the spring runoff has ended. 
 
Within the estuarine habitat, juvenile Chinook salmon movements are dictated by the tidal 
cycles, following the rising tide into shallow water habitats from the deeper main channels, and 
returning to the main channels when the tide recedes (Levy and Northcote 1982; Levings 1982; 
Levings et al. 1986; Healey 1991).  As juvenile Chinook salmon increase in length, they tend to 
school in the surface waters of the main and secondary channels and sloughs, following the tides 
into shallow water habitats to feed (Allen and Hassler 1986).  In Suisun Marsh, Moyle et al. 
(1989) reported that Chinook salmon fry tend to remain close to the banks and vegetation, near 
protective cover, and in dead-end tidal channels.  Kjelson et al. (1982) reported that juvenile 
Chinook salmon demonstrated a diel migration pattern, orienting themselves to near shore cover 
and structure during the day, but moving into more open, offshore waters at night.  The fish also 
distributed themselves vertically in relation to ambient light.  During the night, juveniles were 
distributed randomly in the water column, but would school up during the day into the upper 3 
meters of the water column.  Available data indicate that juvenile Chinook salmon use Suisun 
Marsh extensively both as a migratory pathway and rearing area as they move downstream to the 
Pacific Ocean.  Juvenile Chinook salmon were found to spend about 40 days migrating through 
the Delta to the mouth of San Francisco Bay and grew little in length or weight until they 
reached the Gulf of the Farallons (MacFarlane and Norton 2002).  Based on the mainly ocean-



 13

type life history observed (i.e., fall-run Chinook salmon) MacFarlane and Norton (2002) 
concluded that unlike other salmonid populations in the Pacific Northwest, Central Valley 
Chinook salmon show little estuarine dependence and may benefit from expedited ocean entry. 
 
b. CV spring-run Chinook salmon 
 
Historically the spring-run Chinook salmon were the second most abundant salmon run in the 
Central Valley (CDFG 1998).  These fish occupied the upper and middle reaches (1,000 to 6,000 
foot elevations) of the San Joaquin, American, Yuba, Feather, Sacramento, McCloud and Pit 
Rivers, with smaller populations in most tributaries with sufficient habitat for over-summering 
adults (Stone 1874; Rutter 1904; Clark 1929).  The Central Valley drainage as a whole is 
estimated to have supported spring-run Chinook salmon runs as large as 600,000 fish between 
the late 1880s and 1940s (CDFG 1998).  Before the construction of Friant Dam, nearly 50,000 
adults were counted in the San Joaquin River alone (Fry 1961).  Construction of other low 
elevation dams in the foothills of the Sierras on the American, Mokelumne, Stanislaus, 
Tuolumne, and Merced Rivers extirpated CV spring-run Chinook salmon from these watersheds.  
Naturally-spawning populations of CV spring-run Chinook salmon currently are restricted to 
accessible reaches of the upper Sacramento River, Antelope Creek, Battle Creek, Beegum Creek, 
Big Chico Creek, Butte Creek, Clear Creek, Deer Creek, Feather River, Mill Creek, and Yuba 
River (CDFG 1998). 
 
Adult CV spring-run Chinook salmon leave the ocean to begin their upstream migration in late 
January and early February (CDFG 1998) and enter the Sacramento River between March and 
September, primarily in May and June (Yoshiyama et al. 1998; Moyle 2002).  Lindley et al. 
(2006) indicate adult CV spring-run Chinook salmon enter native tributaries from the 
Sacramento River primarily between mid April and mid June.  Typically, spring-run Chinook 
salmon utilize mid- to high-elevation streams that provide appropriate temperatures and 
sufficient flow, cover, and pool depth to allow over-summering while conserving energy and 
allowing their gonadal tissue to mature (Yoshiyama et al. 1998).  CV spring-run Chinook salmon 
spawning occurs between September and October depending on water temperatures.  Between 
56 and 87 percent of adult CV spring-run Chinook salmon that enter the Sacramento River basin 
to spawn are 3 years old (Calkins et al. 1940; Fisher 1994). 
 
Spring-run Chinook salmon fry emerge from the gravel from November to March (Moyle 2002) 
and emigration timing is highly variable, as they may migrate downstream as young-of-the-year 
(YOY) or as juveniles or yearlings.  The modal size of fry migrants at approximately 40 mm 
between December and April in Mill, Butte, and Deer creeks reflects a prolonged emergence of 
fry from the gravel (Lindley et al. 2006).  Studies in Butte Creek (Ward et al. 2002, 2003; 
McReynolds et al. 2005) found the majority of CV spring-run Chinook salmon migrants to be fry 
occurring primarily during December, January, and February, and that these movements 
appeared to be influenced by flow.  Small numbers of CV spring-run Chinook salmon remained 
in Butte Creek to rear and migrate as yearlings later in the spring.  Juvenile emigration patterns 
in Mill and Deer creeks are very similar to patterns observed in Butte Creek, with the exception 
that Mill and Deer creeks juveniles typically exhibit a later YOY migration and an earlier 
yearling migration (Lindley et al. 2006).   
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Once juveniles emerge from the gravel they initially seek areas of shallow water and low 
velocities while they finish absorbing their yolk sac (Moyle 2002).  Many will also disperse 
downstream during high-flow events.  As is the case in other salmonids, there is a shift in 
microhabitat use by juveniles to deeper, faster water as they grow.  Microhabitat use can be 
influenced by the presence of predators which can force fish to select areas of heavy cover and 
suppress foraging in open areas (Moyle 2002).  Peak movement of juvenile CV spring-run 
Chinook salmon in the Sacramento River at Knights Landing occurs in December, and again in 
March and April.  However, juveniles are also observed between November and the end of May 
(Snider and Titus 2000).  Based on the available information, the emigration timing of CV 
spring-run Chinook salmon appears highly variable (CDFG 1998).  Some fish may begin 
emigrating soon after emergence from the gravel, whereas others over summer and emigrate as 
yearlings with the onset of intense fall storms (CDFG 1998). 
 
(1)  Population Dynamics.  The CV spring-run Chinook salmon ESU has displayed broad 
fluctuations in adult abundance, ranging from 1,403 in 1993 to 25,890 in 1982.  The genetic 
integrity of Feather River spring-run Chinook salmon is questionable because of the significant 
temporal and spatial overlap between spawning populations of spring-run and fall-run Chinook 
salmon (Good et al. 2005).  For the reasons discussed above, the Feather River spring-run 
Chinook population numbers are not included in the following discussion of ESU abundance. 
 The average abundance for the ESU was 12,590 for the period of 1969 to 1979, 13,334 for the 
period of 1980 to 1990, 6,554 from 1991 to 2001, and 16,349 between 2002 and 2005.  For the 
period of 2006 to 2008 the average abundance for the ESU fell to a low of 854 (CDFG 2009).  
Sacramento River tributary populations in Mill, Deer, and Butte creeks are probably the best 
trend indicators for the CV spring-run Chinook ESU as a whole because these streams contain 
the primary independent populations within the ESU.  Generally, these streams have shown a 
positive escapement trend since 1991.  Escapement numbers are dominated by Butte Creek 
returns, which have averaged over 7,000 fish since 1995 (until 2005).  During this same period, 
adult returns on Mill Creek have averaged 778 fish, and 1,463 fish on Deer Creek.  Although 
recent trends are positive, annual abundance estimates display a high level of fluctuation, and the 
overall number of CV spring-run Chinook salmon remains well below estimates of historic 
abundance.  Additionally, in 2003 high water temperatures, high fish densities, and an outbreak 
of Columnaris Disease (Flexibacter Columnaris) and Ichthyophthiriasis (Ichthyophthirius 
multifiis) contributed to the pre-spawning mortality of an estimated 11,231 adult spring-run 
Chinook salmon in Butte Creek.  Most recently, returns on Butte , Mill, and Deer creeks have 
been the lowest since prior to 2000, with the 2008 estimate on Butte Creek at 3,935, 362 on Mill 
Creek and 140 on Deer Creek.  
 
(2) Viable Salmonid Population Summary for Central Valley Spring-Run Chinook Salmon.  
The following summary has been compiled from the best available data and information on CV 
spring-run Chinook salmon to provide a general synopsis of the viability parameters for this 
ESU. 
 
Abundance.  The CV spring-run Chinook salmon ESU has experienced a trend of increasing 
abundance in some natural populations, most dramatically in the Butte Creek population (Good 
et al. 2005).  There has been more opportunistic utilization of migration-dependent streams 
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overall.  The FRH spring-run stock has been included in the ESU based on its genetic linkage to 
the natural population and the potential development of a conservation strategy for the hatchery 
program. 
 
Productivity.  The 5-year geometric mean for the extant Butte, Deer, and Mill Creek spring-run 
populations ranges from 491 to 4,513 fish (Good et al. 2005), indicating increasing productivity 
over the short-term and projected as likely to continue (Good et al. 2005).  The productivity of 
the Feather River and Yuba River populations and contribution to the CV spring-run ESU 
currently is unknown. 
 
Spatial Structure.  Spring-run Chinook salmon presence has been reported more frequently in 
several upper Central Valley creeks, but the sustainability of these runs is unknown.  Butte Creek 
spring-run cohorts have recently utilized all available habitat in the creek; the population cannot 
expand further and it is unknown if individuals have opportunistically migrated to other systems. 
The spatial structure of the spring-run ESU has been seriously compromised by the extirpation of 
all San Joaquin River basin spring-run populations. 
 
Diversity.  The CV spring-run ESU fails to meet the “representation and redundancy rule,” since 
the Northern Sierra Nevada is the only diversity group in the spring-run ESU that contains 
demonstrably viable populations out of at least 3 diversity groups that historically contained 
them.  Independent populations of spring-run only occur within the Northern Sierra Nevada 
diversity group.  The Northwestern California diversity group contains a few ephemeral 
populations of spring-run that are likely dependent on the Northern Sierra Nevada populations 
for their continued existence.  The spring-run populations that historically occurred in the Basalt 
and Porous Lava, and Southern Sierra Nevada, diversity groups have been extirpated.  Over the 
long term, the three remaining independent populations are considered to be vulnerable to 
catastrophic events, such as volcanic eruptions from Mount Lassen or large forest fires due to the 
close proximity of their headwaters to each other.  Drought is also considered to pose a 
significant threat to the viability of the spring-run populations in the Deer, Mill and Butte Creek 
watersheds due to their close proximity to each other.  Feather River spring-run have 
introgressed with the fall-run, and it appears that the Yuba River population may have been 
impacted by FRH fish straying into the Yuba River.  Additionally, the diversity of the spring-run 
ESU has been further reduced with the loss of the San Joaquin River basin spring-run 
populations. 
 
Butte Creek and Deer Creek spring-run are at low risk of extinction, satisfying both the 
population viability analysis (PVA) and other viability criteria.  Mill Creek is at moderate 
extinction risk according to the PVA, but appear to satisfy the other viability criteria for low-risk 
status (Lindley et al. 2007).  Spring-run fail the representation and redundancy rule for ESU 
viability, as their current distribution has been severely constricted.  Therefore, spring-run are at 
moderate risk of extinction over an extended period of time. 
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2. CV steelhead
   
a. General Life History  
 
Steelhead can be divided into two life history types, summer-run steelhead and winter-run 
steelhead, based on their state of sexual maturity at the time of river entry and the duration of 
their spawning migration, stream-maturing and ocean-maturing.  Only winter steelhead currently 
are found in California Central Valley rivers and streams (McEwan and Jackson 1996), although 
there are indications that summer steelhead were present in the Sacramento River system prior to 
the commencement of large-scale dam construction in the 1940s (Interagency Ecological 
Program (IEP) Steelhead Project Work Team 1999).  At present, summer steelhead are found 
only in North Coast drainages, mostly in tributaries of the Eel, Klamath, and Trinity river 
systems (McEwan and Jackson 1996).  
 
CV steelhead generally leave the ocean from August through April (Busby et al. 1996) and enter 
freshwater from August to November and spawn from December to April in small streams and 
tributaries where cool, well oxygenated water is available year-round (Williams 2006; Hallock et 
al. 1961; McEwan and Jackson 1996).  Timing of upstream migration is correlated with higher 
flow events, such as freshets or sand bar breaches, and associated lower water temperatures.  
Unlike Pacific salmon, steelhead are iteroparous, or capable of spawning more than once before 
death (Busby et al. 1996).  However, it is rare for steelhead to spawn more than twice before 
dying; most that do so are females (Busby et al. 1996).  Iteroparity is more common among 
southern steelhead populations than northern populations (Busby et al. 1996).  Although one-
time spawners are the great majority, Shapolov and Taft (1954) reported that repeat spawners are 
relatively numerous (17.2 percent) in California streams.  
 
Spawning occurs during winter and spring months.  The length of time it takes for eggs to hatch 
depends mostly on water temperature.  Hatching of steelhead eggs in hatcheries takes about 30 
days at 51 °F.  Fry emerge from the gravel usually about four to six weeks after hatching, but 
factors such as redd depth, gravel size, siltation, and temperature can speed or retard this time 
(Shapovalov and Taft 1954).  Newly emerged fry move to the shallow, protected areas associated 
with the stream margin (McEwan and Jackson 1996) and they soon move to other areas of the 
stream and establish feeding locations, which they defend (Shapovalov and Taft 1954).    
 
Steelhead rearing during the summer takes place primarily in higher velocity areas in pools, 
although young-of-the-year also are abundant in glides and riffles.  Productive steelhead habitat 
is characterized by complexity, primarily in the form of large and small woody debris.  Cover is 
an important habitat component for juvenile steelhead both as velocity refugia and as a means of 
avoiding predation (Meehan and Bjornn 1991).  
 
Juvenile steelhead emigrate episodically from natal streams during fall, winter, and spring high 
flows.  Emigrating CV steelhead use the lower reaches of the Sacramento River and the Delta for 
rearing and as a migration corridor to the ocean.  Juvenile CV steelhead feed mostly on drifting 
aquatic organisms and terrestrial insects and will also take active bottom invertebrates (Moyle  
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2002).  Some may utilize tidal marsh areas, non-tidal freshwater marshes, and other shallow 
water areas in the Delta as rearing areas for short periods prior to their final emigration to the 
sea.  Hallock et al. (1961) found that juvenile steelhead in the Sacramento River basin migrate 
downstream during most months of the year, but the peak period of emigration occurred in the 
spring with a much smaller peak in the fall.  Nobriga and Cadrett (2003) also have verified these 
temporal findings based on analysis of captures at Chipps Island. 
 
(1)  Population Dynamics.  Historic CV steelhead run sizes are difficult to estimate given the 
paucity of data, but may have approached one to two million adults annually (McEwan 2001).  
By the early 1960s the steelhead run size had declined to about 40,000 adults (McEwan 2001).  
Over the past 30 years, the naturally-spawned steelhead populations in the upper Sacramento 
River have declined substantially.  Hallock et al. (1961) estimated an average of 20,540 adult 
steelhead through the 1960s in the Sacramento River, upstream of the Feather River.  Steelhead 
counts at the RBDD declined from an average of 11,187 for the period of 1967 to 1977, to an 
average of approximately 2,000 through the early 1990s, with an estimated total annual run size 
for the entire Sacramento-San Joaquin system, based on RBDD counts, to be no more than 
10,000 adults (McEwan and Jackson 1996; McEwan 2001).  Steelhead escapement surveys at 
RBDD ended in 1993 due to changes in dam operations. 
 
Recent estimates from trawling data in the Delta indicate that approximately 100,000 to 300,000 
(mean 200,000) smolts emigrate to the ocean per year, representing approximately 3,600 female  
steelhead spawners in the Central Valley basin (Good et al. 2005).  This can be compared with 
McEwan's (2001) estimate of one million to two million spawners before 1850, and 40,000 
spawners in the 1960s. 
 
Existing wild steelhead stocks in the Central Valley are mostly confined to the upper Sacramento 
River and its tributaries, including Antelope, Deer, and Mill creeks and the Yuba River.  
Populations may exist in Big Chico and Butte creeks and a few wild steelhead are produced in 
the American and Feather rivers (McEwan and Jackson 1996).  Recent snorkel surveys (1999 to 
2002) indicate that steelhead are present in Clear Creek (Newton 2002).  Because of the large 
resident O. mykiss population in Clear Creek, steelhead spawner abundance has not been 
estimated. 
 
Until recently, CV steelhead were thought to be extirpated from the San Joaquin River system.  
Recent monitoring has detected small self-sustaining populations of steelhead in the Stanislaus, 
Mokelumne, and Calaveras rivers, and other streams previously thought to be devoid of 
steelhead (McEwan 2001).  On the Stanislaus River, steelhead smolts have been captured in 
rotary screw traps at Caswell State Park and Oakdale each year since 1995 (S.P. Cramer and 
Associates Inc. 2000, 2001). It is possible that naturally-spawning populations exist in many 
other streams but are undetected due to lack of monitoring programs (IEP Steelhead Project 
Work Team 1999).  Incidental catches and observations of steelhead juveniles also have occurred
on the Tuolumne and Merced rivers during fall-run Chinook salmon monitoring activities, 
indicating that steelhead are widespread throughout accessible streams and rivers in the Central 
Valley (Good et al. 2005).  CDFG staff has prepared juvenile migrant CV steelhead catch 
summaries on the San Joaquin River near Mossdale representing migrants from the Stanislaus, 
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Tuolumne, and Merced rivers.  Based on trawl recoveries at Mossdale between 1988 and 2002, 
as well as rotary screw trap efforts in all three tributaries, CDFG staff stated that it is “clear from 
this data that rainbow trout do occur in all the tributaries as migrants and that the vast majority of 
them occur on the Stanislaus River” (Letter from Dean Marston, CDFG, to Madelyn Martinez, 
NMFS, January 9, 2003).  The documented returns on the order of single fish in these tributaries 
suggest that existing populations of CV steelhead on the Tuolumne, Merced, and lower San 
Joaquin rivers are severely depressed. 
 
Lindley et al. (2006) indicated that prior population census estimates completed in the 1990s 
found the CV steelhead spawning population above RBDD had a fairly strong negative 
population growth rate and small population size.  Good et al. (2005) indicated the decline was 
continuing as evidenced by new information (Chipps Island trawl data).  CV steelhead 
populations generally show a continuing decline, an overall low abundance, and fluctuating 
return rates.   
 
(2)  Viable Salmonid Population Summary for CV Steelhead.  The following summary has 
been compiled from the best available data and information on CV steelhead to provide a general 
synopsis of the viability parameters for this DPS 
 
Abundance.  All indications are that natural CV steelhead have continued to decrease in 
abundance and in the proportion of natural fish over the past 25 years (Good et al. 2005); the 
long-term trend remains negative.  There has been little steelhead population monitoring despite 
100 percent marking of hatchery steelhead since 1998.  Hatchery production and returns are far 
greater than those of natural fish and include significant numbers of non-DPS-origin Eel River 
steelhead stock. 
 
Productivity.  An estimated 100,000 to 300,000 natural juvenile steelhead are estimated to leave 
the Central Valley annually, based on rough calculations from sporadic catches in trawl gear 
(Good et al. 2005).  Concurrently, one million in-DPS hatchery steelhead smolts and another half 
million out-of-DPS hatchery steelhead smolts are released annually in the Central Valley.  The 
estimated ratio of non-clipped to clipped steelhead has decreased from 0.3 percent to less than 
0.1 percent, with a net decrease to one-third of wild female spawners from 1998 to 2000 (Good 
et al. 2005). 
 
Spatial Structure.  Steelhead appear to be well-distributed where found throughout the Central 
Valley (Good et al. 2005).  Until recently, there was very little documented evidence of steelhead 
due to the lack of monitoring efforts. Since2000, steelhead have been confirmed in the Stanislaus 
and Calaveras rivers. 
 
Diversity.  Analysis of natural and hatchery steelhead stocks in the Central Valley reveal genetic 
structure remaining in the DPS (Nielsen et al. 2003).  There appears to be a great amount of gene 
flow among upper Sacramento River basin stocks, due to the post-dam, lower basin distribution 
of steelhead and management of stocks.  Recent reductions in natural population sizes have 
created genetic bottlenecks in several CV steelhead stocks (Nielsen et al. 2003; Good et al. 
2005).  The out-of-basin steelhead stocks of the Nimbus and Mokelumne River hatcheries are 
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not included in the CV steelhead DPS. 
 
Lindley et al. (2007) indicated that prior population census estimates completed in the 1990s 
found the CV steelhead spawning population above RBDD had a fairly strong negative 
population growth rate and small population size.  Good et al. (2005) indicated the decline was  
continuing as evidenced by new information (Chipps Island trawl data).  CV steelhead 
populations generally show a continuing decline, an overall low abundance, and fluctuating 
return rates.  The future of CV steelhead is uncertain due to limited data concerning their status.  
However, Lindley et al. (2007) concluded that there is sufficient evidence to suggest that the 
DPS is at moderate to high risk of extinction. 
 
3.  Southern DPS of North American Green Sturgeon 
 
a. General Life History  
 
North American green sturgeon are widely distributed along the Pacific Coast and have been 
documented offshore from Ensenada Mexico to the Bering Sea and found in rivers from British 
Columbia to the Sacramento River (Moyle 2002).  As is the case for most sturgeon, North 
American green sturgeon are anadromous; however, they are the most marine-oriented of the 
sturgeon species (Moyle 2002).  In North America, spawning populations of the anadromous 
green sturgeon currently are found in only three river systems, the Sacramento and Klamath 
rivers in California and the Rogue River in southern Oregon.  
 
Two green sturgeon DPSs were identified based on evidence of spawning site fidelity (indicating 
multiple DPS tendencies), and on the preliminary genetic evidence that indicate differences at 
least between the Klamath River and San Pablo Bay samples (Adams et al. 2002).  The Northern 
DPS includes all green sturgeon populations starting with the Eel River and extending 
northward.  The southern DPS would include all green sturgeon populations south of the Eel 
River with the only known spawning population being in the Sacramento River. 
 
The southern DPS of North American green sturgeon life cycle can be broken into three distinct 
phases based on developmental stage and habitat use:  (1) year-round juveniles, (2) pre-and post-
spawning adults, and (3) adult and sub-adult summer residents.   
 
Southern DPS green sturgeon adults begin their upstream spawning migrations into the San 
Francisco Bay in March, reach Knights Landing during April, and spawn between March and 
July (Heublein et al. 2006).  Peak spawning is believed to occur between April and June and 
thought to occur in deep turbulent pools (Adams et al. 2002).  Substrate is likely large cobble but 
can range from clean sand to bedrock (USFWS 2002).  Newly hatched green sturgeon are 
approximately 12.5 to 14.5 mm in length.  According to Heublein (2006), all adults leave the 
Sacramento River prior to September 1. 
 
Adult green sturgeon in the San Francisco Estuary make significant long-distance movements 
with distinct directionality and are not related to salinity, current, or temperature, but resource 
availability (Kelley et al. 2007).  The majority of green sturgeon in the Rogue River emigrated 
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from freshwater habitat in December after water temperatures dropped (Erickson et al. 2002).  
Green sturgeon were most often found at depths greater than 5 meters with low or no current 
during summer and autumn months (Erickson et al. 2002).  Holding in deep pools is a way to  
conserve energy and utilize abundant food resources.  Based on captures of adult green sturgeon 
in holding pools on the Sacramento River above the Glenn-Colusa Irrigation District (GCID) 
diversion (RM 205), the documented presence of adults in the Sacramento River during the 
spring and summer months, and the presence of larval green sturgeon in late summer in the 
lower Sacramento River indicating spawning ocurrence, it appears adult green sturgeon could 
possibly utilize a variety of freshwater and brackish habitats for up to nine months of the year 
(Beamesderfer et al. 2004).  
 
Based on the distribution of sturgeon eggs, larva, and juveniles in the Sacramento River, CDFG 
(2002) indicated that southern DPS of green sturgeon spawn in late spring and early summer 
above Hamilton City possibly to Keswick Dam.  Adult green sturgeon are believed to spawn 
every 3 to 5 years and reach sexual maturity only after several years of growth (CDFG 2002).  
Adult female green sturgeon produce between 60,000 and 140,000 eggs each reproductive cycle, 
depending on body size, with a mean egg diameter of 4.3 mm (Moyle et al. 1992; Van 
Eenennaam et al. 2001).   
 
After approximately 10 days larvae begin feeding, growing rapidly, and young green sturgeon 
appear to rear for the first 1 to 2 months in the Sacramento River between Keswick Dam and 
Hamilton City (CDFG 2002).  Juvenile green sturgeon first appear in USFWS sampling efforts at 
RBDD in June and July at lengths ranging from 24 to 31 mm fork length (CDFG 2002; USFWS 
2002).  The mean yearly total length of post-larval green sturgeon captured in rotary screw traps 
at the RBDD ranged from 26 mm to 34 mm between 1995 and 2000 indicating they are 
approximately 2 weeks old.  The mean yearly total length of post-larval green sturgeon captured 
in the GCID rotary screw trap, approximatley 30 miles downstream of RBDD, ranged from 33 
mm to 44 mm between 1997 and 2005 (CDFG, unpublished data) indicating they are 
approximately 3 weeks old (Van Eenennaam et al. 2001).   
 
Green sturgeon larvae do not exhibit the initial pelagic swim-up behavior characteristic of other 
Acipenseridae.  They are strongly oriented to the bottom and exhibit nocturnal activity patterns.  
Under laboratory conditions green sturgeon larvae cling to the bottom during the day and move 
into the water column at night (Van Eenennaam et al. 2001).  After six days, the larvae exhibit 
nocturnal swim-up activity (Deng et al. 2002) and nocturnal downstream migrational movements 
(Kynard et al. 2005).  Juvenile green sturgeon continue to exhibit nocturnal behavioral beyond 
the metamorphosis from larvae to juvenile stages.  Kynard et al. (2005) laboratory studies 
indicated that juvenile fish continued to migrate downstream at night for the first six months of 
life.  When ambient water temperatures reached 46 °F, downstream migrational behavior 
diminished and holding behavior increased.  These data suggests that 9-to 10-month-old fish 
would hold over in their natal rivers during the ensuing winter following hatching, but at a 
location downstream of their spawning grounds.  Juvenile green sturgeon have been salvaged at 
the Harvey O. Banks Pumping Plant and the John E. Skinner Fish Facility (Fish Facilities) in the 
South Delta, and captured in trawling studies by the CDFG during all months of the year (CDFG 
2002).  The majority of these fish were between 200 and 500 mm indicating they were from 2 to 
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3 years of age based on Klamath River age distribution work by Nakamoto et al. (1995).  The  
lack of a significant proportion of juveniles smaller than approximately 200 mm in Delta 
captures indicate juvenile Southern DPS North American green sturgeon likely hold in the 
mainstem Sacramento River as suggested by Kyndard et al. (2005).   
 
(1)  Population Dynamics.  Limited population abundance information comes from incidental 
captures of North American green sturgeon from the white sturgeon monitoring program by the 
CDFG sturgeon tagging program (CDFG 2002).  By comparing ratios of white sturgeon to green 
sturgeon captures CDFG provides estimates of adult and sub-adult North American green 
sturgeon abundance.  Estimated abundance between 1954 and 2001 ranged from 175 fish to 
more than 8,000 per year and averaged 1,509 fish per year.  Unfortunately there are many biases 
and errors associated with these data and CDFG does not consider these estimates reliable.  Fish 
monitoring efforts at RBDD and GCID on the upper Sacramento River have captured between 0 
and 2,068 juvenile North American green sturgeon per year (Adams et al. 2002).  The only 
existing information regarding changes in the abundance of the Southern DPS of green sturgeon 
includes changes in abundance at the John E. Skinner Fish Facility between 1968 and 2001.  The 
average number of North American green sturgeon taken per year at the State Facility prior to 
1986 was 732; from 1986 on, the average per year was 47 (70 FR 17386).  For the Harvey O. 
Banks Pumping Plant, the average number prior to 1986 was 889; from 1986 to 2001 the average 
was 32 (70 FR 17386).  In light of the increased exports, particularly during the previous 10 
years, it is clear that the abundance of the Southern DPS of North American green sturgeon is 
dropping.  Additional analysis of North American green and white sturgeon taken at the Fish 
Facilities indicate that take of both North American green and white sturgeon per acre-foot of 
water exported has decreased substantially since the 1960s (70 FR 17386).  Catches of sub-adult 
and adult North American green sturgeon by the IEP between 1996 and 2004 ranged from 1 to 
212 green sturgeon per year (212 occurred in 2001); however, the portion of the Southern DPS 
of North American green sturgeon is unknown as these captures were primarily located in San 
Pablo Bay.  Recent spawning population estimates using sibling based genetics by Israel (2006) 
indicate a maximum spawning population of 32 spawners in 2002, 64 in 2003, 44 in 2004, 92 in 
2005, and 124 in 2006 above RBDD (with an average of 71).  Based on the length and estimated 
age of post-larvae captured at RBDD (approximately two weeks of age) and GCID (downstream, 
approximately three weeks of age), it appears some Southern DPS North American green 
sturgeon are spawning above RBDD.  Note, there are many assumptions with this interpretation 
(i.e., equal sampling efficiency and distribution of post-larvae across channels), and this 
information should be considered cautiously.  
 
There are at least two records of confirmed adult sturgeon observation in the Feather River 
(Beamesderfer et al. 2004), however, there are no observations of juvenile or larval sturgeon 
even prior to the 1960s when Oroville Dam was built (NMFS 2005).  There are also unconfirmed 
reports that green sturgeon may spawn in the Feather River during high flow years (CDFG 
2002). 
 
Spawning in the San Joaquin River system has not been recorded, but alterations of the San 
Joaquin River tributaries (Stanislaus, Tuolumne, and Merced rivers) and its mainstem occurred  
early in the European settlement of the region. During the later half of the 1800s impassable 
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barriers were built on these tributaries where the water courses left the foothills and entered the 
valley floor.  Therefore, these low elevation dams have blocked potentially suitable spawning 
habitats located further upstream for over a century.  Additional destruction of riparian and 
stream channel habitat by industrialized gold dredging further disturbed any valley floor habitat 
that was still available for sturgeon spawning.  It is likely that both white and green sturgeon 
utilized the San Joaquin River basin for spawning prior to the onset of European influence, based 
on past use of the region by populations of CV spring-run Chinook salmon and CV steelhead.  
These two populations of salmonids have either been extirpated or greatly diminished in their use 
of the San Joaquin River basin over the past two centuries (Adams et al. 2002; Moyle 2002; 
Lindley et al. 2004). 
 
(2)  Population Viability Summary for the Southern DPS of North American Green                     
Sturgeon.  The Southern DPS of North American green sturgeon has not been analyzed to 
characterize the status and viability as has been done in recent efforts for Central Valley 
salmonid populations (Good et al. 2005; Lindley et al. 2006).  However, the following 
summaries have been compiled from the best available data and information on North American 
green sturgeon to provide a general synopsis of the viability parameters for this DPS. 
 
Abundance.  Currently, there are no reliable data on population sizes, and data on population 
trends are also lacking.  Fishery data collected at Federal and State pumping facilities in the 
Delta indicate a decreasing trend in abundance between 1968 and 2006 (70 FR 17386). 
 
Productivity.  There is insufficient information to evaluate the productivity of green sturgeon.  
However, as indicated above, there appears to be a declining trend in abundance, which indicate 
low to negative productivity. 
 
Spatial Structure.  Current data indicate that the Southern DPS of North American green 
sturgeon is comprised of a single population that spawns in the Sacramento River above and 
below RBDD.  Although some individuals have been observed in the Feather and Yuba rivers, it 
is not yet known if these fish represent separate spawning populations.  Therefore, the apparent 
presence of a single reproducing population puts the DPS at risk, due to extremely limited spatial 
structure. 
 
Diversity.  Green sturgeon genetic analyses shows strong differentiation between northern and 
southern populations, and therefore, the species was divided into Northern and Southern DPS’s.  
However, the genetic diversity of the Southern DPS is not well understood. 
 
The majority of the NMFS Biological Review Team (BRT) (NMFS 2005) felt that the blockage 
of green sturgeon spawning from what were certainly their historic spawning areas above Shasta 
Dam and the accompanying decrease in spawning habitat in the Feather River with the 
construction of Oroville Dam made the Southern green sturgeon DPS likely to become 
endangered in the foreseeable future throughout all of its range.  Due to substantial habitat loss, 
and the decline in abundance observed at water pumping facilities, and the occurrence of only 
one breeding populations, the Southern DPS of North American green sturgeon remains at a 
moderate to high risk of extinction. 
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C.  Factors Affecting the Species and Critical Habitat 
 
Water development, water quality, over-harvesting, and disease and predation are some of the 
many issues affecting the decline of listed anadromous fish species in California.  Hydropower, 
flood control, and water supply dams of the Federal Central Valley Project (CVP), State Water 
Project (SWP), and other municipal and private entities have permanently blocked or hindered 
salmonid and green sturgeon access to historical spawning and rearing grounds.  Clark (1929) 
estimated that originally there were 6,000 linear miles of salmon habitat in the Central Valley 
system and that 80 percent of this habitat had been lost by 1928.  Yoshiyama et al. (1996) 
calculated that roughly 2,000 linear miles of salmon habitat was actually available before dam 
construction and mining, and concluded that 82 percent is not accessible today. 
 
As a result of migrational barriers, spring-run Chinook salmon, and steelhead populations have 
been confined to lower elevation mainstems that historically only were used for migration.  
Higher temperatures at these lower elevations during late-summer and fall are a major stressor to 
adult and juvenile salmonids.  Thus, population abundances have declined in these streams due 
to decreased quantity and quality of spawning and rearing habitat.  Green sturgeon populations 
were likely also affected by barriers and alterations to the natural hydrology.  In particular, the 
RBDD blocked all access to the primary spawning habitat in the Sacramento River for many 
years under the old operational procedures, and continues to block a significant portion of the 
adult spawning run under current operationl procedures. 
 
Water diversions for irrigated agriculture, municipal and industrial use, and managed wetlands 
are found throughout the Central Valley.  Thousands of small and medium-size water diversions 
exist along the Sacramento and San Joaquin Rivers, and their tributaries.  Although efforts have 
been made in recent years to screen some of these diversions, many remain unscreened. 
Depending on the size, location, and season of operation, these unscreened diversions entrain and 
kill many life stages of aquatic species, including juvenile salmonids and green sturgeon.  For 
example, as of 1997, 98.5 percent of the 3,356 diversions included in a Central Valley database 
were either unscreened or screened insufficiently to prevent fish entrainment (Herren and 
Kawasaki 2001).   
 
Levee development in the Central Valley affects spawning habitat, freshwater rearing habitat, 
freshwater migration corridors, and estuarine habitat PCEs.  The construction of levees disrupts 
the natural processes of the river, resulting in a multitude of habitat-related effects.  Many of 
these levees use angular rock (riprap) to armor the bank from erosion.  The effects of 
channelization, and rip-rapping, include the alteration of river hydraulics and cover along the 
bank as a result of changes in bank configuration and structural features (Stillwater Sciences 
2006).  These changes affect the quantity and quality of near-shore habitat for juvenile salmonids 
and have been thoroughly studied (USFWS 2000; Schmetterling et al. 2001; Garland et al. 
2002).  Simple slopes protected with rock revetment generally create near-shore hydraulic 
conditions characterized by greater depths and faster, more homogeneous water velocities than 
occur along natural banks.  Higher water velocities typically inhibit deposition and retention of 
sediment and woody debris.  These changes generally reduce the range of habitat condition
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typically found along natural shorelines, especially by eliminating the shallow, slow-velocity 
river margins used by juvenile fish as refuge and escape from fast currents, deep water, and 
predators (Stillwater Sciences 2006). 
 
Increased sedimentation resulting from agricultural and urban practices within the Central Valley 
is one of the primary causes of salmonid habitat degradation (NMFS 1996a).  Sedimentation can 
adversely affect salmonids during all freshwater life stages by:  clogging or abrading gill 
surfaces, adhering to eggs, hampering fry emergence (Phillips and Campbell 1961), burying eggs 
or alevins, scouring and filling in pools and riffles, reducing primary productivity and 
photosynthesis activity (Cordone and Kelley 1961), and affecting intergravel permeability and 
dissolved oxygen (DO) levels.  Excessive sedimentation over time can cause substrates to 
become embedded, which reduces successful salmonid spawning and egg and fry survival 
(Waters 1995).  In addition, urban storm water and agricultural runoff may be contaminated with 
pesticides, oil, grease, heavy metals, polycyclic aromatic hydrocarbons (PAHs), and other 
organics and nutrients (CRWQCB 1998) that can potentially destroy aquatic life necessary for 
salmonid and green sturgeon survival (NMFS 1996a, b).  Point source (PS) and non-point source 
(NPS) pollution occurs in almost every area where urbanization activity influences the 
watershed.  Impervious surfaces (i.e., concrete, asphalt, and buildings) reduce water infiltration 
and increase runoff, thus creating greater flood hazard (NMFS 1996a, b).  Flood control and land 
drainage schemes may increase the flood risk downstream by concentrating runoff.  A flashy 
discharge pattern results in increased bank erosion with subsequent loss of riparian vegetation, 
undercut banks and stream channel widening.  In addition to the PS and NPS inputs from urban 
runoff, juvenile salmonids and green sturgeon are exposed to increased water temperatures as a 
result of thermal inputs from municipal, industrial, and agricultural discharges. 
 
These human activities have led to increased water temperatures, decreased DO levels, and 
increased turbidity and contaminant loads have degraded the quality of the aquatic habitat for the 
rearing and migration of salmonids and green sturgeon.  Most anthropogenic chemicals and 
waste materials including toxic organic and inorganic chemicals eventually accumulate in the 
sediment (Ingersoll 1995).  Direct exposure to contaminated sediments may cause deleterious 
effects to listed salmonids and green sturgeon.  This may occur if a fish swims through a plume 
of the re-suspended sediments or rests on contaminated substrate and absorbs the toxic 
compounds through one of several routes: dermal contact, ingestion, or uptake across the gills.  
Elevated contaminant levels may be found in localized “hot spots” where discharge occurs or 
where river currents deposit sediment loads.  Sediment contaminant levels can thus be 
significantly higher than the overlying water column concentrations (Environmental Protection 
Agency [EPA] 1994).  However, the more likely route of exposure to salmonids and sturgeon is 
through the food chain, when fish feed on organisms that are contaminated with toxic 
compounds.  Prey species become contaminated either by feeding on the detritus associated with 
the sediments or dwelling in the sediment itself.  Therefore, the degree of exposure to the 
salmonids and green sturgeon depends on their trophic level and the amount of contaminated 
forage base they consume.  Response of salmonids and green sturgeon to contaminated 
sediments is similar to water borne exposures. 
 
Extensive ocean recreational and commercial troll fisheries for Chinook salmon exist along the 
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Northern and Central California coast, and an inland recreational fishery exists in the Central 
Valley for Chinook salmon and steelhead.  Ocean harvest of Central Valley Chinook salmon is 
estimated using an abundance index, called the Central Valley Index (CVI).  The CVI is the ratio 
of Chinook salmon harvested south of Point Arena (where 85 percent of Central Valley Chinook 
salmon are caught) to escapement (adult spawner populations that have “escaped” the ocean 
fisheries and made it into the rivers to spawn).  CWT returns indicate that Sacramento River 
salmon congregate off the California coast between Point Arena and Morro Bay. 
 
In-river recreational fisheries historically have taken CV spring-run Chinook salmon throughout 
the species’ range.  During the summer, holding adult CV spring-run Chinook salmon are easily 
targeted by anglers when they congregate in large pools.  Poaching also occurs at fish ladders, 
and other areas where adults congregate; however, the significance of poaching on the adult 
population is unknown.  Specific regulations for the protection of CV spring-run Chinook 
salmon in Mill, Deer, Butte, and Big Chico Creeks and the Yuba River have been added to the 
existing CDFG regulations.  The current regulations, including those developed for Sacramento 
River winter-run Chinook salmon provide some level of protection for spring-run fish (CDFG 
1998). 
 
There is little information on steelhead harvest rates in California.  Hallock et al. (1961) 
estimated that harvest rates for Sacramento River steelhead from the 1953-1954 through 1958-
1959 seasons ranged from 25.1 percent to 45.6 percent assuming a 20 percent non-return rate of 
tags.  The average annual harvest rate of adult steelhead above RBDD for the 3-year period from 
1991-1992 through 1993-1994 was 16 percent (McEwan and Jackson 1996).  Since 1998, all 
hatchery steelhead have been marked with an adipose fin clip allowing anglers to distinguish 
hatchery and wild steelhead.  Current regulations restrict anglers from keeping unmarked 
steelhead in Central Valley streams.  Overall, this regulation has greatly increased protection of 
naturally produced adult steelhead; however, the total number of CV steelhead contacted might 
be a significant fraction of basin-wide escapement, and even low catch-and-release mortality 
may pose a problem for wild populations (Good et al. 2005). 
 
Commercial harvest of white sturgeon results in the incidental bycatch of green sturgeon 
primarily along the Oregon and Washington coasts and within their coastal estuaries.  Oregon, 
Washington and California have recently prohibited the retention of green sturgeon in their 
waters for commercial and recreational fisheries.  Adams et al. (2002, 2007) reported harvest of 
green sturgeon from California, Oregon, and Washington between 1985 and 2001.  Total 
captures of green sturgeon in the Columbia River Estuary by commercial means ranged from 240 
fish per year to 6,000.  Catches in Willapa Bay and Grays Harbor by commercial means 
combined ranged from 9 fish to 2,494 fish per year.  Emmett et al. (1991) indicated that averages  
of 4.7 to 15.9 tons of green sturgeon were landed annually in Grays Harbor and Willapa Bay 
respectively.  Overall, captures appeared to be dropping through the years; however, this could 
be related to changing fishing regulations.  Adams et al. (2002, 2007) also reported sport fishing 
captures in California, Oregon, and Washington.  Within the San Francisco Estuary, green 
sturgeon are captured by sport fisherman targeting white sturgeon, particularly in San Pablo and 
Suisun bays (Emmett et al. 1991).  However, recent changes to fishing regulations have made it 
illegal keep green sturgeon for harvest.  Based on new research by Israel (2006 and past tagged  
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fish returns reported by CDFG (2002)), a high proportion of green sturgeon present in the 
Columbia River, Willapa Bay, and Grays Harbor (as much as 80 percent in the Columbia River) 
may be Southern DPS North American green sturgeon.  This indicates a potential threat to the 
Southern DPS North American green sturgeon population.   
 
Infectious disease is one of many factors that influence adult and juvenile salmonid survival.  
Salmonids are exposed to numerous bacterial, protozoan, viral, and parasitic organisms in 
spawning and rearing areas, hatcheries, migratory routes, and the marine environment (NMFS 
1996a, 1996b, 1998).  Specific diseases such as bacterial kidney disease, Ceratomyxosis shasta 
(C-shasta), columnaris, furunculosis, infectious hematopoietic necrosis, redmouth and black spot 
disease, whirling disease, and erythrocytic inclusion body syndrome are known, among others, to 
affect steelhead and Chinook salmon (NMFS 1996a, 1996b, 1998).  Very little current or 
historical information exists to quantify changes in infection levels and mortality rates 
attributable to these diseases; however, studies have shown that wild fish tend to be less 
susceptible to pathogens than are hatchery-reared fish.  Nevertheless, wild salmonids may 
contract diseases that are spread through the water column (i.e., waterborne pathogens) as well as 
through interbreeding with infected hatchery fish.  The stress of being released into the wild from 
a controlled hatchery environment frequently causes latent infections to convert into a more 
pathological state, and increases the potential of transmission from hatchery reared fish to wild 
stocks within the same waters. 
 
Accelerated predation also may be a factor in the decline of listed salmonids and green sturgeon.  
Human-induced habitat changes such as alteration of natural flow regimes and installation of 
bank revetment and structures such as dams, bridges, water diversions, piers, and wharves often 
provide conditions that both disorient juvenile fish and attract predators (Stevens 1961; Decato 
1978; Vogel et al. 1988; Garcia 1989).  On the mainstem Sacramento River, high rates of 
predation are known to occur at the RBDD, Anderson-Cottonwood Irrigation District’s (ACID) 
diversion dam, GCID’s diversion facility, areas where rock revetment has replaced natural river 
bank vegetation, and at South Delta water diversion structures (e.g., Clifton Court Forebay; 
CDFG 1998).  In passing the dam, juveniles are subject to conditions which greatly disorient 
them, making them highly susceptible to predation by fish or birds.  Sacramento pikeminnow 
(Ptychocheilus grandis) and striped bass congregate below the dam and prey on juvenile salmon 
in the tail waters.  The Sacramento pikeminnow is a species native to the Sacramento River basin 
and has co-evolved with the anadromous salmonids in this system.  However, rearing conditions 
in the Sacramento River today (e.g. warm water, low-irregular flow, standing water, and water 
diversions) compared to its natural state and function decades ago in the pre-dam era, are more  
conducive to warm water species such as Sacramento pikeminnow and striped bass than to native 
salmonids.  
 
For listed salmonids and green sturgeon, the construction of high dams for hydropower, flood 
control, and water supply resulted in the loss of vast amounts of upstream habitat (i.e., 
approximately 80 percent, or a minimum linear estimate of over 1,000 stream miles), and often 
resulted in precipitous declines in affected populations.  For example, the completion of Friant 
Dam in 1947 has been linked with the extirpation of spring-run Chinook salmon in the San 
Joaquin River upstream of the Merced River within just a few years.  The reduced populations 
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that remain below Central Valley dams are forced to spawn in lower elevation tailwater habitats 
of the mainstem rivers and tributaries that were previously not used for this purpose.  This 
habitat is entirely dependent on managing reservoir releases to maintain cool water temperatures 
suitable for spawning, and/or rearing.  This requirement has been difficult to achieve in all water 
year types and for all life stages of affected species.  CV steelhead, in particular, seem to require 
the qualities of small tributary habitat similar to what they historically used for spawning; habitat 
that is largely unavailable to them under the current water management scenario.  All salmonid 
species considered in this consultation have been adversely affected by the production of 
hatchery fish associated with the mitigation for the habitat lost to dam construction (e.g., from 
genetic impacts, increased competition, exposure to novel diseases, etc.). 
 
Similar to the listed salmonids, the Southern DPS of North American green sturgeon have been 
negatively impacted by hydroelectric and water storage operations in the Central Valley which 
ultimately affect the hydrology and accesibility of Central Valley rivers and streams to 
anadromous fish.  Anthropogenic manipulations of the aquatic habitat, such as dredging, bank 
stabilization, and waste water discharges have also degraded the quality of the Central Valley’s 
waterways for green sturgeon. 
 
IV. ENVIRONMENTAL BASELINE 
 
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 impact of State or private actions which are contemporaneous with the 
consultation in process” (50 CFR §402.02). 
 
A. Status of the Species and Critical Habitat within the Action Area 
 
1.  Status of the Species within the Action Area
 
The action area is located near RM 2 on the Feather River, near the confluence with the 
Sacramento River at RM 0.  It functions primarily as a migratory corridor for adult and juvenile 
CV steelhead, CV spring-run Chinook salmon, and Southern DPS of North American
green sturgeon.  The action area also provides rearing habitat for juveniles of these species.     
 
Following is a status summary of these species and their habitat within the Feather River and 
action area. 
 
a.  CV spring-run Chinook Salmon 
 
The action area contains Feather River populations of CV spring-run Chinook salmon.  Adults 
and juveniles migrate through the action area.  Adults hold and spawn approximately 50 to 65 
miles upstream, in the uppermost three miles of accessible habitat below the Feather River Fish 
Hatchery (DWR 2001).  The number of naturally-spawning spring-run Chinook salmon in the 
Feather River has been estimated only periodically since the 1960s, with estimates ranging from 
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2 fish in 1978 to 2,908 in 1964.  Adult spring-run Chinook salmon that return to the Feather 
River Fish Hatchery have been counted each year since 1963, and their numbers have ranged 
from 146 in 1967 to 8,662 in 2003 (CDFG 2004).  Coded-wire tag (CWT) information from 
FRH returns indicate substantial introgression has occurred between fall-run and spring-run 
Chinook salmon populations within the Feather River system due to hatchery practices.  Because 
Chinook salmon are not temporally separated in the hatchery, spring-run and fall-run Chinook 
salmon have spawned together, thus compromising the genetic integrity of the spring-run 
Chinook salmon stock. 
 
Based on run-time observations of spring-run Chinook salmon in the Feather River, adults are 
likely to be present in the action area during the upstream migration period between February 
and May, when they are migrating to upstream holding and spawning habitat.  Results from 
Feather River Chinook salmon emigration studies indicate virtually all spring-run Chinook 
salmon juveniles in the Feather River exit as sub-yearlings (DWR 1999a, b, c).  Emigration of 
young-of-year salmon begins immediately following emergence in late November, peaks in 
January or February, and continues through June (DWR 1999a, b, c).  Rearing and migrating 
juveniles are likely to be present in the action area from January through June, with the greatest 
abundance of individuals in January and February. 
 
b.  CV steelhead 
 
The action area is part of the designated critical habitat for CV steelhead.  However, limited 
information exists regarding the abundance, location, and timing of steelhead spawning within 
the Feather River.  The only available information on natural steelhead production in the action 
area comes from DWR redd surveys on the Feather River (DWR 2003).  Based on these surveys, 
DWR estimated that a minimum of 163 steelhead spawned in the Feather River in 2003.  Nearly 
half (i.e., 48 percent) of all redds were located in the uppermost mile of existing anadromous 
habitat below the Feather River Fish Barrier Dam.  The Feather River Fish Hatchery maintains 
records of the number of steelhead that have entered the hatchery annually since 1967.  Feather 
River Fish Hatchery counts since 1969 ranged from a low of 78 in 1972 to a high of 2,587 in 
1989, with an average of 904 adults per year (DWR 2001). 
 
Steelhead adults migrate upstream in the Sacramento River during the period between September 
and March to spawn and are likely to enter into the Feather River during the same period. 
Chinook salmon emigration studies in the Feather River from 1995 through 1998 have 
incidentally captured steelhead young-of-year and yearlings.  Young-of-year were captured from 
March through June, while yearlings were captured January through June.  Steelhead were not 
captured during the early migration period, from October and December, but DWR researchers 
speculated that this may have occurred because the sampling gear may not be able to detect their 
presence during this time (DWR 1999a, b, c).  Based on these results and steelhead emigration 
patterns in the Sacramento River, steelhead juveniles and smolts are expected to use the action  
area from December through June, with peak use from January through March. 
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c.  North American green sturgeon 
 
Proposed critical habitat for green sturgeon occurs within the proposed project’s action area.  
Green sturgeon adults have been observed periodically in small numbers in the Feather 
River (Beamesderfer et al. 2004).  There are at least two confirmed records of adult green 
sturgeon.  There are no records of larval or juvenile sturgeon of either species, even prior to the 
1960’s when Oroville Dam was built.  There are reports that green sturgeon may spawn in the 
Feather River during high flow years (CDFG 2002), although no indication of spawning has 
been documented despite intensive sampling efforts (Niggemeyer and Duster 2003).  Overall, it 
appears that green sturgeon use the Feather River almost exclusively in high flow years because 
of natural and man-made barriers, such as the bench at Shanghai Bend, that are harder to pass 
during drier years.  Historical use of the Feather River (before construction of Oroville Dam) is 
unknown, but highly likely.  CDFG suggests that Oroville Dam blocks access to potential 
spawning habitat and that Thermalito Afterbay warm water releases may increase temperatures 
to levels that are undesirable for spawning and incubation.  Sturgeon (including some 
documented green sturgeon), still regularly occur in the Bear and Yuba rivers (CDFG 2002b; 
Beamesderfer et al. 2004) and therefore must migrate through the Feather River. 
 
2.  Status of Critical Habitat within the Action Area
 
The action area (i.e., lower Feather River) provides migration and rearing habitat for CV spring-
run Chinook salmon, CV steelhead, and green sturgeon.  The action area is designated critical 
habitat for CV spring-run Chinook salmon and CV steelhead, and proposed critical habitat for 
green sturgeon.  Habitat requirements for these species are similar.  The essential features of 
freshwater salmonid and green sturgeon habitat within the action include adequate substrate, 
water quality, water quantity, water temperature, water velocity, cover/shelter, food, riparian 
vegetation, space, and safe passage conditions.   
 
Water temperatures in the action area generally are most favorable for anadromous fish during 
the winter and spring months and may be warmer than desired conditions from late spring 
through early fall.  High temperatures primarily are caused by ambient air temperatures, but also 
are affected by the lack of riparian shading, and by thermal inputs from agricultural outfall water. 
Habitat within the action area primarily is used as juvenile rearing habitat and as a migration 
corridor by adults and juveniles.  The condition and function of this habitat has been severely 
impaired through several factors discussed in the Status of the Species and Habitat section of this 
biological and conference opinion.  The result has been the reduction in quantity and quality of 
several essential elements of rearing habitat required by juveniles to grow and survive.  In spite 
of the degraded condition of this habitat, the conservation value of the action area is high 
because it is used by a large number of naturally-produced anadromous fish from the upper 
Feather River. 
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B. Factors Affecting the Species and Critical Habitat in the Action Area 
 
The magnitude and duration of peak flows in the Feather River during the winter and spring are 
reduced by water impoundment in upstream reservoirs.  Instream flows during the summer and 
early fall months have increased over historic levels for deliveries of municipal and agricultural 
water supplies.  Overall, water management now reduces natural variability by creating more 
uniform flows year-round.  Current flood control practices require peak flood discharges to be 
held back and released over a period of weeks.  Consequently, flow in the Feather River often 
remains too low during the winter to provide quality rearing habitat. 
 
High water temperatures limit habitat availability for listed salmonids in the lower Feather River  
(Boles et al. 1988).  High summer water temperatures in the lower Feather River and Sutter 
Bypass can exceed 72 ° F.  Such temperatures can create a thermal barrier to the migration of 
adult and juvenile salmonids (Kjelson et al. 1982; Rich 1997).  Water diversions, for agricultural 
and municipal purposes are found throughout the action area and entrain and kill juvenile and 
salmon and steelhead during emigration periods during fall, winter, and spring months. 
 
C.  Likelihood of Species Persistence in the Action Area 
 
Despite the impaired genetic status of the Feather River population, and the substantial reduction 
in habitat availability and suitability since the construction of the Oroville Facilities, the value of 
the lower Feather River basin as a migratory corridor for CV spring-run Chinook salmon, CV 
steelhead, and green sturgeon is high primarily because it contains habitat elements that support 
the rearing and growth of juveniles and the successful upstream migration of adults.  
 
V.  EFFECTS OF THE ACTION 
 
Pursuant to Section 7(a)(2) of the ESA (16 U.S.C.  '1536), Federal agencies are directed to 
ensure that their activities are not likely to jeopardize the continued existence of any listed 
species or result in the destruction or adverse modification of critical habitat.  This biological 
opinion assesses the effects of the Feather River Bridge project on CV spring-run Chinook 
salmon, CV steelhead, their designated critical habitats, the Southern DPS of North America 
green sturgeon, and their proposed critical habitats.  The proposed Project is likely to adversely 
affect listed species and critical habitat through vibration of the piles for the permanent piles of 
the new bridge and temporary trestle.  In the Description of the Proposed Action section of this 
Opinion, NMFS provided an overview of the action.  In the Status of the Species and 
Environmental Baseline sections of this biological and conference opinion, NMFS provided an 
overview of the threatened and endangered species and critical habitat that are likely to be 
adversely affected by the activity under consultation. 
 
Regulations that implement section 7(b)(2) of the ESA require NMFS to evaluate the direct and 
indirect effects of Federal actions and actions that are interrelated with or interdependent to the  
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Federal action to determine if it would be reasonable to expect them to appreciably reduce listed 
species' likelihood of both surviving and recovering in the wild by reducing their reproduction, 
numbers, or distribution (16 U.S.C. '1536; 50 CFR 402.02).  Section 7 of the ESA also requires 
NMFS to determine if Federal actions would appreciably diminish the value of critical habitat for 
the conservation of listed species (16 U.S.C. '1536).  This biological opinion does not rely on 
the regulatory definition of “destruction or adverse modification” of critical habitat at 50 CFR 
402.02.  Instead, we have relied upon the statutory provisions of the ESA to complete the 
following analysis with respect to critical habitat. 
 
A.  Approach to the Assessment 
 
NMFS generally approaches “jeopardy” analyses in a series of steps.  First, NMFS evaluates the 
available evidence to identify direct and indirect physical, chemical, and biotic effects of the 
proposed actions (these effects include direct impacts to a species habitat; modifications to 
something in the species’ environment - such as reducing a species’ prey base, enhancing 
populations of predators, altering its spawning substrate, altering its ambient temperature 
regimes; or adding something novel to a species’ environment - such as introducing exotic 
competitors or disruptive noises).  Once NMFS has identified the effects of the action, the 
available evidence is evaluated to identify a species’ likelihood and extent of exposure to any 
adverse effects caused by the action (i.e. the extent of spatial and temporal overlap between the 
species and the effects of the action).  Once NMFS has identified the level of exposure that a 
species will have to the effects of the action, the available evidence is evaluated to identify the 
species’ probable response, including physical and behavioral reactions, to these effects.  These 
responses then will be assessed to determine if they can reasonably be expected to reduce a 
species’ reproduction, numbers, or distribution (for example, by changing birth, death, 
immigration, or emigration rates; increasing the age at which individuals reach sexual maturity; 
decreasing the age at which individuals stop reproducing; among others).  The available evidence 
is then used to determine if these reductions, if there are any, could reasonably be expected to 
appreciably reduce a species’ likelihood of surviving and recovering in the wild. 
 
1.  Information Available for the Assessment
 
To conduct the assessment, NMFS examined an extensive amount of evidence from a variety of 
sources.  Detailed background information on the status of these species and critical habitat has 
been published in a number of documents including peer reviewed scientific journals, primary 
reference materials, governmental and non-governmental reports, previous biological opinions, 
documents evaluating the effects of underwater noise from pile driving, the biological 
assessment for this project, and project meeting notes.  Additional information investigating 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 obtained from 
the aforementioned resources.  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. 
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2.  Assumptions Underlying This Assessment
 
In the absence of definitive data or conclusive evidence, NMFS must make a logical series of 
assumptions to overcome the limits of the available information.  These assumptions will be 
made using sound, scientific reasoning that can be logically derived from the available 
information.  The progression of the reasoning will be stated for each assumption, and supporting 
evidence cited. 
 
The potential adverse effects to listed species resulting from the proposed construction of the 
Feather River Bridge and the implementation of the mitigation features are primarily associated 
with elevated underwater sound pressure levels generated during pile driving.  However, other 
potential impacts to listed salmonids and green sturgeon and designated or proposed critical 
habitat include turbidity resulting from ground disturbance for areas associated with bridge 
construction and mitigation. 
 
The information used in this assessment includes Status of the Species and Environmental 
Baseline sections of this biological opinion, studies and accounts of the impacts of construction 
and pile driving activities on anadromous fish.   
 
B.  Assessment 
 
The proposed Project includes actions that may adversely affect several life stages of listed fish 
species.  Adverse effects to these species and their habitat may result from changes in water 
quality from construction activities, loss of riparian vegetation from construction activities, and 
physical injury and harassment of juveniles and adults from exposure to elevated levels of 
underwater sound produced during pile driving.  The project includes integrated design features 
to avoid and minimize many of these potential impacts. 
 
As described in the environmental baseline, adult CV steelhead enter freshwater to spawn 
between August to January with a peak migration period of September-October (Moyle 2002).  
The steelhead migration period overlaps the pile driving in-water work window (June 15-
October 15).  Adult green sturgeon upstream migration occurs from March through July (Moyle 
et al. 1995).  However, their only known spawning habitat is in the Sacramento River, so adults 
are unlikely to migrate through the action area, and thus are unlikely to be exposed to the effects 
of the in-water work activities.  There is still very little known about the downstream movements 
of North American green sturgeon after they have completed their spawning run, and there is a 
possibility that these fish may occur within the action area and be exposed to the effects of the 
in-water work activities.  CV spring-run enter the Feather River from March through June and 
spawn the following autumn (Painter et al. 1977).  Juvenile salmonids emigrate as fry, which 
suggests that rearing habitat in the action area is limiting or that conditions later in the season 
(such as the in-water work season) are less suitable (Sommer et al. 2001). 
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1. Pile Driving and Bridge Construction 
 
The installation of steel piles with an impact hammer in the Feather River is expected to result in 
adverse effects to exposed fish due to high levels of underwater sound that will be produced.  
Adverse effects can range from physical injury to the exposed fish, sometimes resulting in death, 
to lesser impacts, such as behavioral modifications or increased susceptibility to predation, which 
do not necessarily result in death or long term adverse impacts by themselves.  The degree to 
which an individual fish exposed to underwater sound will respond (from a startle response to 
immediate mortality) is dependent on a number of variables such as the species of fish, size of 
the fish, presence of a swimbladder, sound pressure intensity and frequency, shape of the sound 
wave (rise time), depth of the water around the pile and the bottom substrate composition and 
texture.  Swimbladders, which are inflated with gas, can expand rapidly as the pressure waves 
pass through the fish and can press against, and strain, adjacent organs, such as the liver and  
kidney (Keevin and Hempen 1997).  In addition, this pneumatic compression causes 
demonstrable injury, in the form of ruptured capillaries, internal bleeding, and maceration of 
highly vascular organs (Caltrans 2002).  Hastings and Popper (2005) also noted that sound waves 
can cause different types of tissues to vibrate at different frequencies, and that this differential 
vibration can cause tearing of mesenteries and other sensitive connective tissues.  Exposure to 
high noise levels can also lead to injury through “rectified diffusion,” the formation and growth 
of bubbles in tissues.  These bubbles can cause inflammation, cellular damage, and blockage or 
rupture of capillaries, arteries, and veins (Crum and Mao 1996; Stroetz et al. 2001; Vlahakis and 
Hubmayr 2000).  Death from barotrauma and rectified diffusion injuries can be instantaneous, or  
delayed for minutes, hours or even days after exposure. 
 
NMFS is uses a single strike peak sound pressure level (SPL) of 206 dB and an accumulated 
sound exposure level (SEL) of 187 dB to correlate underwater sound with potential injury to fish.  
These are the thresholds that indicate the onset of physical injury.  The SPL is an expression of 
the sound pressure using the decibel scale and the standard reference pressures of micro-Pascal 
(1 μPa) for water and biological tissues.  SEL is the exposure of fish to a total amount of energy 
(i.e., dose) that can be used to determine a physical injury response.  In other words, it is the 
time-integrated, sound-pressure-squared level.  Because sound is a form of energy, the damage 
potential of a given sound environment will depend not only on its level, but also its duration.  
The root-mean-square (RMS) is 150 dB for a behavioral response in a fish.  The level is 
determined by analyzing the waveform and computing the square root of the average of the 
squared pressures over the time period that comprises that portion of the waveform containing 
90% of the sound (pressure squared) energy (Hastings and Popper 2005).  This calculated RMS 
SPL is described as “RMS (impulse)” and is used to report an overall average SPL for a single 
pile driving pulse (Hastings and Popper 2005).  Because all SEL measurements are normalized 
to a one second time interval, it may be used to compare the energy content of different 
exposures to sound.  SEL is calculated by summing the cumulative pressure squared (p2) over 
time and is often used as an indication of the energy dose.  The following table summarizes the 
criteria for injury to fish from underwater sound generated 10 meters (source level) from the pile 
driving (Table 1).   
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Interim 
Criteria for 

Injury 

Interim 
Criteria in 
Decibels 

(dB) 

Fish 
Response 

Peak 206 dB physical injury 

Cumulative SEL 

187 dB (for fish 
2 grams or 

larger); 183 dB 
(for fish less 

than 2 grams) 

physical injury 

Root Mean Square 
(RMS) 150 dB behavioral 

response 
 
Table 1.  Summary of interim criteria for injury to fish assuming a distance of 10 meters (source 
level from the driven pile).   
 
The proposed project includes installation of up to 80 piles (all in the action area) including, 72, 
20-24 inch diameter pipe piles for the temporary work trestle and 8, 7.5 foot diameter CISS piles 
for the permanent bridge.  To reduce the likelihood of exposure to underwater noise levels, 
trestle and temporary bent pile installation will not begin until June 15, while installation of the 
CISS piles are limited from July 15 through October 1.  An attenuation casing will be used for 
the in-water piles that will be driven from June 15 through July 14.  This attenuation casing will 
reduce 5 dB from the source level.  This timing window allows in-water work to occur when the 
numbers of listed fish in the action area are at their lowest, and the life stages of listed fish are 
less vulnerable (i.e. larger and able to avoid the action area) to the potential effects.   
   
The noise assessment prepared by Caltrans in the BA, breaks down the impacts from driving the 
permanent and temporary impacts.  Peak sound levels would not exceed the interim criteria of 
206 dB, however the accumulated SEL criteria of 187 dB would be exceeded at various distances 
(depending the pile type) on 33 days during each in-water construction year.  The highest peak 
sound levels estimated would be 205 db(peak), and would occur only when the fourth and fifth 
section of the in-water 7.5-foot diameter piles for piers 4, 5, 6, and 7 are driven (a total of 4 days 
per year).  All other pile driving events would be 200 dB(peak) or less for the 7.5-foot diameter 
piles, or less than 193 db(peak) for the 2-foot diameter temporary trestle and bents piles.  On 19 
days each year that temporary piles (bent and trestle piles) are driven, the SEL would be 
exceeded out are relatively short distance of 197 feet up and downstream of the piles.  On the 10 
days when the larger, in-water pier pile sections are driven, it is estimated that the SEL would be 
exceeded out to 787 feet on 6 days and 1,640 feet on 4 days.  For the 5 days of driving pile 
sections for piers 3 or 8 (the two piers close to shore), the SEL exceedance distance is 
intermediate, ranging from 164 feet to 722 feet.  
 
The activities related to pile driving are temporary and will only last the duration of the in-water  
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work activities.  Sublethal and/or subinjurious effects to juvenile CV spring-run Chinook, CV 
steelhead, and green sturgeon, including altered behavior, auditory masking, and temporary 
hearing threshold shifts can affect vulnerability to predation, foraging success, and other factors 
that influence survival and fitness.  Impact pile driving will take place during each in-water work 
window during the bridge construction period (i.e., concurrently with pile driving during 
temporary trestle installation and during removal of the temporary piles as elements of bridge 
construction and demolition are completed).  Because daily pile driving activities will be 
separated by overnight rest periods when migration can proceed uninhibited, upstream migration 
of listed fish are not expected to be significantly delayed.  More extreme effects, including injury 
and mortality of migrating adults, could potentially occur during limited unattenuated pile 
driving.  These effects will be limited to isolated, individual events at the beginning of project.  
Because the criteria to be exceeded within these relatively small areas, the actual potential for 
listed fish to be exposed to an accumulated 187 dB SEL is relatively low. The in-water 
construction window occurs after the downstream migration period for salmonids and very few 
juveniles would be expected to occupy this reach of the river due to warm water temperatures 
(60 to 75°F between June and October).  The populations of these fish in the Feather River 
represent a small number of the entire population in the Central Valley, and the action is 
expected to have little impact upon the entire ESU and DPS.  There is potential for adult CV 
spring-run Chinook, CV steelhead, and green sturgeon to be adversely effected from pile driving 
activities, however, it is expected to be relatively low due to their larger bodies.  In addition, pile 
driving activities would only occur in the daytime which will avoid corpuscular and nocturnal 
periods when salmonid migrations are more common.  
 
2. Water Quality
 
NMFS anticipates that some local increases in turbidity will result as a consequence of these 
actions.  The increases in local turbidity levels are associated with the re-suspension of bottom 
sediments during the piling removal and installation phase of the construction process.  The 
proposed in-water construction activities are not expected to lead to significant impacts to water 
quality in the action area.  There are expected to be minor, short term increases in turbidity and 
sedimentation in localized areas due to the driving and removal of temporary piles.  The 
expected increases in turbidity and suspended sediment may disrupt feeding and migratory 
behavior of listed fish over a small area for a short period of time.  The turbidity associated with 
installation and removal of piles could result in localized displacement and likely behavioral 
modifications to individual salmonids and green sturgeon if they do not readily move away from  
the areas directly affected by the project.  Turbidity and sedimentation events are not expected to 
affect feeding success of green sturgeon as they are not known to rely heavily on visual cues for 
feeding (Sillman et al. 2005).  These temporary behavioral changes are not expected to result in 
injury or death of listed salmonids and green sturgeon.  NMFS does not anticipate that turbidity 
levels associated with the pile driving will increase to deleterious levels.  Furthermore, turbidity 
conditions are expected to return to ambient levels within hours to days of the termination of pile 
driving actions.  Moreover, based on the timing of the pile driving actions, NMFS does not 
expect listed salmonids to be adversely effected by sedimentation and turbidity in the Feather  
 



 36

 

River.  Green sturgeon, which can occupy waters containing variable levels of suspended 
sediment and thus turbidity, are not expected to be impacted by the slight increase in the 
turbidity levels anticipated from the pile driving action as explained above.  In addition, green 
sturgeon presence in the Feather River is expected to be very low during the construction period,  
thus representing a very small fraction of the entire green sturgeon population in the Central 
Valley. 
 
Unanticipated spills into the Feather River, such as toxic substances used at construction sites 
(gasoline and lubricants) can lead to adverse effects and mortality in juvenile and adult 
salmonids and green sturgeon.  If these toxins seep into the water, these substances can kill 
aquatic organisms through exposure to lethal concentrations or exposure to non-lethal levels that 
cause physiological stress and increased susceptibility to other sources of mortality.  However, 
NMFS expects that Caltrans will adhere to the standard BMP’s and SWPPP during construction 
activities to prevent these kinds of effects on listed salmonids and green sturgeon.  Therefore, 
NMFS does not expect the Project will result in water contamination that will injure or kill listed 
anadromous fish.   
 
1.  Effects on Designated or Proposed Critical Habitat Primary Constituent Elements (PCEs) 
 
The basic premise to the conservation value of an overall critical habitat designation is the sum 
of the values of the components that comprise the habitat.  For example, the conservation value 
of listed salmonid critical habitat is determined by the conservation value of the watersheds that 
make up the designated area.  In turn, the conservation value of the components is the sum of the 
value of the PCEs that make up the area.  PCEs are specific areas or functions, such as spawning 
or rearing habitat, that support different life history stages or requirements of the species.  The 
conservation value of the PCE is the sum of the quantity, quality, and availability of the essential 
features of that PCE.  Essential features are the specific processes, variables or elements that 
comprise a PCE.  Thus, an example of a PCE would be spawning habitat and the essential 
features of that PCE are conditions such as clean spawning gravels, appropriate timing and 
duration of certain water temperatures, and water quality free of pollutants. 
 
Therefore, reductions in the quantity, quality, or availability of one or more essential feature 
reduce the value of the PCE, which in turn reduces the function of the sub-area (e.g., 
watersheds), which in turn reduces the function of the overall designation.  In the strictest  
interpretation, reductions to any one essential feature or PCE would equate to a reduction in the 
value of the whole.  However there are other considerations.  We look to various factors to 
determine if the reduction in the value of an essential feature or PCE would affect higher levels 
of organization.  For example: 
 

• The timing, duration and magnitude of the reduction 
• The permanent or temporary nature of the reduction 
• Whether the essential feature or PCE is limiting (in the action area or across the  
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designation) to the recovery of the species or supports a critical life stage in the recovery needs 
of the species (for example, juvenile survival is a limiting factor in recovery of the species and 
the habitat element supports juvenile survival). 
 
In our assessment, we combine information about the contribution of constituent elements of 
critical habitat (or of the physical, chemical, or biotic phenomena that give the designated area 
value for the conservation of listed species) to the conservation value of those areas of critical 
habitat that occur in the action area, given the physical, chemical, biotic, and ecological 
processes that produce and maintain those constituent elements in the action area.  We use the 
conservation value of those areas of designated critical habitat that occur in the action area as our 
point of reference for this comparison.  For example, if the critical habitat in the action area has 
limited current value or potential value for the conservation of listed species that limited value is 
our point of reference for our assessment of the consequences of the added effects of the 
proposed action on that conservation value. 
 
a.  Freshwater Migratory Corridor 
 
Safe and unobstructed migratory pathways are necessary for adult salmonids and green sturgeon 
to migrate to and from spawning habitats, and for larval and juveniles to migrate downstream 
from spawning/rearing habitats within freshwater rivers to rearing habitats within the estuaries.   
The addition of segment 2 of the Feather River Bridge will be a permanent structure, however, 
this segment of the bridge will not obstruct the migratory pathway for exposed fish.  Fish that use 
the action area as a migratory corridor will be able to continue using the channel during and after 
construction of the proposed action.   
 
b.  Freshwater Riparian and Rearing Habitat  
 
The southern bank of the Feather River is a densely vegetated habitat and dominated by floating 
primrose willow (Ludwigia peploides).  The northern bank has a thin riparian zone of willows 
where Nelson Slough is located.  These areas exist because the river is confined between two 
levees and is a perennial wetland because the flow of the river is managed by a water agency, 
thus, water levels often rise late in the summer.  The dominant species are cottonwoods, valley 
oak, and box elder.  The soils exhibit wetland characteristics and wetland hydrology.   
 
Freshwater riparian habitats support juvenile growth and mobility.  In addition, riparian 
vegetation support food communities for juveniles.  Freshwater riparian habitat provide natural 
cover, such as shade, submerged and overhanging large wood, and aquatic vegetation to support 
refuge for juveniles from predators.  Rearing habitat condition is strongly affected by habitat 
complexity, food supply, and presence of predators of juvenile salmonids.  Freshwater rearing 
habitats have a high intrinsic value to salmonids, as the juvenile life stages are dependant on the 
function of this habitat for successful survival and recruitment.  Green sturgeon on the other hand 
rely less on riparian habitat and more on the condition of the benthos which will not be affected.  
 
 



 38

 

Caltrans proposes to remove 0.20 acres of riparian vegetation adjacent to the Feather River.  
Impacts to the riparian habitat will be temporary due to, Caltrans minimization measures and 
implementation of a revegetation plan.  The revegetation plan will restore and revegetate areas  
adjacent to the Feather River and Nelson Slough impacted by construction activities and to 
replace riparian trees removed by construction activities.   
 
Though it may take 10 years to restore the full function of this component of salmonid and green 
sturgeon habitat where vegetation clearing will occur, the proposed restoration of riparian habitat 
following construction of the new bridge should, over time, be restored to its original state.  
During the period of riparian vegetation re-growth, rearing salmonid and green sturgeon 
juveniles will have less cover, thus, making migrating fish moving through the area be more 
susceptible to predation in high flow years.  Caltrans has incorporated measures in the project 
description to keep the removal of riparian vegetation to a bare minimum. 
 
The general planting strategy will be to use willow cuttings wherever appropriate soil and 
moisture conditions are present within impacted areas.  This will be particularly focused on the 
banks of the Feather River.  Cuttings will be taken from no more than 50% of the willow plants 
in an area and from no more than 30% of an individual plant.  The palustrine riparian area 
between the backwater and the Feather River as well as the upland area within 100 feet of 
Nelson Slough will be planted with container material of valley oak, box elder, Oregon ash, and 
cottonwood.  Under the bridge and interspersed within the large species will be medium sized 
shrubs.  Mixed in the large and medium and spread out under the new bridge will be smaller 
plants.  Following planting and revegetation, Caltrans will provide irrigation and monitoring.   
 
c.  Summary of PCEs in the Action Area 
 
The PCEs of critical habitat that will be adversely affected include freshwater rearing sites for 
juveniles and freshwater migration corridors for both juveniles and adults.  Up to 0.20 acres of 
riparian vegetation would be removed as a result of construction activities.  The majority of these 
impacts are expected to be temporary due to the fact that all disturbed areas outside the actual 
footprint of the new bridge would be restored to their preconstruction conditions and any 
impacted riparian vegetation would be replaced with the planting of an appropriate assemblage 
of native riparian vegetation.  These effects to the PCEs of critical habitat may result in a  
temporary redistribution of some individual fish, primarily rearing juvenile steelhead; however, 
due to the temporary nature of these effects.  The freshwater migratory corridor will have little 
impact to the exposed fish.  The temporary trestle piles will be removed upon completion of the 
proposed action and the permanent bridge piles will be aligned with the existing piers of the 
existing bridge.  Therefore, NMFS expects that nearly all of the adverse effects to critical habitat 
from this project will be of a short-term nature and will not affect future generations of listed fish 
beyond the construction period of the project. 
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 salt marsh, riverine, mud flats) affecting critical habitat primary constituent elements (PCEs).   

VI.  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 ESA. 
 
The Project will construct a new bridge adjacent to the existing bridge.  Land surrounding the 
Caltrans proposed project has two distinct settings.  The first setting is where the new bridge will 
be located, which is within the confines of the Feather River levees.  Within the levees is open 
space designated as part of the Department of Fish and Games Feather River Wildlife area, 
which is used for hunting and other recreational activities.  Also within the levees are the Feather 
River, Nelson Slough (an overflow channel) and an adjacent backwater marsh area (located 
south of the river).  The second environmental setting is outside of the levees and consists of a 
variety of agricultural fields including orchards, row crops, alfalfa, and rice fields.  Associated 
with the agricultural fields are cross drains and some ditches that convey agricultural water.  
 
Non-Federal actions that may affect the action area include ongoing agricultural activities and 
recreational activities.  Agricultural practices in and upstream of the Feather River may adversely 
affect riparian and wetland habitats through upland modifications of the watershed that lead to 
increased siltation or reductions in water flow in stream channels flowing into the Feather River.  
Unscreened agricultural diversions throughout the channel entrain fish including juvenile 
salmonids and green sturgeon.  Stormwater and irrigation discharges related to agricultural 
activities contain numerous pesticides and herbicides that may adversely affect salmonid 
reproductive success and survival rates (Dubrovsky et al. 1998, 2000; Daughton 2003).  
Recreational activities can potentially disturb the current riparian vegetation and/or listed fish in 
the active channel.   
 
Global climate change is a broad-scale cumulative effect that is likely to affect the action area.  
The world is about 1.3 °F warmer today than a century ago and the latest computer models 
predict that, without drastic cutbacks in emissions of carbon dioxide and other gases released by 
the burning of fossil fuels, the average global surface temperature may rise by two or more 
degrees in the 21st century (Intergovernmental Panel on Climate Change (IPCC) 2001).  Much 
of that increase will likely occur in the oceans, and evidence suggests that the most dramatic  
changes in ocean temperature are now occurring in the Pacific (Noakes 1998).  Using objectively 
analyzed data Huang and Liu (2000) estimated a warming of about 0.9 °F per century in the 
Northern Pacific Ocean.   
 
Sea levels are expected to rise by 0.5 to 1.0 meters in the northeastern Pacific coasts in the next 
century, mainly due to warmer ocean temperatures, which lead to thermal expansion much the 
same way that hot air expands.  This will cause increased sedimentation, erosion, coastal 
flooding and permanent inundation of low-lying natural ecosystems within the action area (i.e.,  
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Increased winter precipitation, decreased snow pack, and permafrost degradation could affect the 
flow and temperature of rivers and streams, with negative impacts on fish populations and the 
habitat that supports them.  
 
Summer droughts along the South Pacific coast and in the interior of the northwest Pacific 
coastlines will mean decreased stream flow in those areas, decreasing salmonid survival and 
reducing water supplies in the dry summer season when irrigation and domestic water use are 
greatest.  Global climate change may also change the chemical composition of the water that fish 
inhabit:  the amount of oxygen in the water may decline, while pollution, acidity, and salinity 
levels may increase.  This will allow for more invasive species to over take native fish species 
and impact predator-prey relationships (Peterson and Kitchell 2001; Stachowicz et al. 2002).    
 
An alarming prediction is that Sierra snow packs are expected to decrease with global warming 
and that the majority of runoff in California will be from rainfall in the winter rather than from 
melting snow pack in the mountains (CDWR 2006).  This will alter river runoff patterns and 
transform the tributaries that feed the Central Valley from a spring/summer snowmelt dominated 
system to a winter rain dominated system.  It can be hypothesized that summer temperatures and 
flow levels will become unsuitable for salmonid survival.  The cold snowmelt that furnishes the 
late spring and early summer runoff will be replaced by warmer precipitation runoff.  This 
should truncate the period of time that suitable cold-water conditions exist below existing 
reservoirs and dams due to the warmer inflow temperatures to the reservoir from rain runoff.  
Without the necessary cold-water pool developed from melting snow pack filling reservoirs in 
the spring and early summer, late summer and fall temperatures below reservoirs, such as Shasta 
Lake and Lake Oroville, potentially could rise above thermal tolerances for juvenile and adult 
salmonids (i.e. Central Valley steelhead) that must hold below the dam over the summer and fall 
periods. 
 
Anticipated climate change may affect spatial and temporal precipitation patterns along with the 
intensity and duration of precipitation within the Feather River watershed.  Ambient air 
temperatures in California are projected to increase several degrees centigrade (oC) by the end of 
this century.  As a result, it is possible that less precipitation will occur as snowfall and more will 
occur as rain in future years.  The effect of climate change is anticipated to be more winter and 
less spring and summer run-off within the watershed.  In addition, expected run-off is anticipated  
to be warmer, possibly affecting the ability to meet downstream water temperature objectives to 
protect salmon, steelhead and green sturgeon.  A reduction in snowpack combined with 
increased ambient air temperatures is expected to result in earlier melting of snow and less run-
off from the snowpack than that which occurs today.  This combined with more precipitation as 
rain will affect future operations of all reservoirs within the Feather River Basin.  A change in 
the run-off pattern within the Feather River watershed will likely affect reservoir storage and 
downstream river flows due to more frequent spillway releases.  Currently, summer water 
temperatures often are close to the upper tolerance limits for salmon and steelhead and any  
increase in ambient air temperatures as a result of climate change is anticipated to make it more  
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difficult at the very least, if not impossible, to meet established water temperature objectives  
on the lower Feather River.  Reduced reservoir storage as a result of the anticipated change in 
run-off pattern may also affect the availability of a cold water supply necessary to maintain river 
temperatures downstream. 
 
There are no specific plans for development within the action area of the proposed project.  
Therefore, further cumulative effects beyond those described above are not expected. 
 
VII.  INTEGRATION AND SYNTHESIS 
 
This section integrates and adds the current conditions described in the status of the species and 
the environmental baseline for the action area with the effects of the proposed action and the 
cumulative effects of future actions.  The purpose of this synthesis is to review the effects of the 
action in addition to the environmental baseline to understand how the action will affect the 
likelihood of the species’ continued survival. 
 
A. Summary of Status of the Species and Environmental Baseline 
 
1.  CV spring-run Chinook salmon
 
Historically, the majority of spring-run in the Central Valley were produced in the Southern 
Sierra Nevada Diversity Group, which contains the San Joaquin River and its tributaries.  All 
spring-run populations in this diversity group have been extirpated (Lindley et al. 2007). 
 
Lindley et al. (2007) determined that perhaps 15 of the 19 historical populations of spring-run 
are extinct, with their entire historical spawning habitats behind various impassable dams.  Those 
authors only considered Butte, Deer, and Mill Creeks as watersheds with persistent populations 
of Chinook salmon known as spring-run, although they recognized that phenotypic Chinook 
salmon persist within the Feather River Hatchery population spawning in the Feather River 
below Oroville Dam and in the Yuba River below Englebright Dam.  All of those population fall 
within the Northern Sierra Nevada diversity group.  Butte and Deer creek spring-run populations 
are at low risk of extinction, and the Mill Creek population is at either a moderate or low risk 
(Lindley et al. 2007).   
 
Viable CV spring-run Chinook salmon populations occur in only one of four diversity groups 
that historically contained them, and therefore fail the representation and redundancy rule for 
ESU viability (Lindley et al. 2007)  Because the CV spring-run Chinook salmon ESU is spatially 
confined to relatively few remaining streams, continues to display broad fluctuations in 
abundance, and a large proportion of the population (i.e., in Butte Creek) faces the risk of high 
mortality rates, the ESU remains at a moderate to high risk of extinction.   
 
Past and present impacts within the Sacramento River basin have caused significant loss of  
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habitat.  Populations have declined drastically over the last century, and some subpopulations 
have been extirpated.  The construction of dams has limited access to a large and significant 
portion of historical spawning and rearing. Dam operations have changed downstream flow 
patterns, effecting stream dynamics (i.e. geomorphology, habitat configuration, etc.), and 
affected available habitat through changes in water temperature characteristics, limiting gravel  
recruitment to available spawning reaches and limiting the introduction of LWM which 
contributes to habitat diversity. 
 
Despite the impaired genetic status of the Feather River population, and the substantial reduction 
in habitat availability and suitability since the construction of the Oroville Facilities, the value of 
the lower Feather River basin as a migratory corridor, its location as the southern-most extant 
population of spring-run Chinook salmon, and its suitability as spawning and rearing habitat 
make it an important node of habitat for the survival and recovery of the species. 
 
2.  CV steelhead
 
CV steelhead historically were well-distributed throughout the Sacramento and San Joaquin 
Rivers (Busby et al. 1996) and were found from the upper Sacramento and Pit River systems 
(now inaccessable due to Shasta and Keswick Dams) south to the Kings and possibly the Kern 
River systems, and in both east- and west-side Sacramento River tributaries (Yoshiyama et al. 
1996).  Lindley et al. (2006) estimated that historically there were at least 81 indpendant CV 
steelhead populations distributed primarily throughout the eastern tributaries of the Sacramento 
and San Joaquin Rivers.  This distribution has been greatly affected by dams (McEwan and 
Jackson 1996).  Presently, impassable dams block access to 80 percent of historically available 
habitat, and block access to all historical spawning habitat for about 38 percent of historical 
populations (Lindley et al. 2006).   
 
Existing wild steelhead stocks in the Central Valley are mostly confined to the upper Sacramento 
River and its tributaries, including Antelope, Deer, and Mill Creeks and the Yuba River.  
Populations may exist in Big Chico and Butte Creeks and a few wild steelhead are produced in 
the American and Feather Rivers (McEwan and Jackson 1996).  Recent snorkel surveys (1999 to 
2002) indicate that steelhead are present in Clear Creek (Newton 2002).  Because of the large 
resident O. mykiss population in Clear Creek, steelhead spawner abundance has not been 
estimated. 
 
Spatial structure for steelhead is fragmented and reduced by elimination or significant reduction 
of the major core populations (i.e. Sacramento River, Feather River, American River) that 
provided a source for the numerous smaller tributary and intermittent stream populations like 
Dry Creek, Auburn Ravine, Yuba River, Deer Creek, Mill Creek, and Antelope Creek.  Tributary 
populations can likely never achieve the size and variability of the core populations in the long-
term, generally due to the size and available resources of the tributaries. 
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Lindley et al. (2007) indicated that prior population census estimates completed in the 1990s  
found the CV steelhead spawning population above RBDD had a fairly strong negative 
population growth rate and small population size.  Good et al. (2005) indicated the decline was 
continuing as evidenced by new information (Chipps Island trawl data).  CV steelhead 
populations generally show a continuing decline, an overall low abundance, and fluctuating  
return rates.  The future of CV steelhead is uncertain due to limited data concerning their status.  
However, Lindley et al. (2007) concluded that there is sufficient evidence to suggest that the 
DPS is at moderate to high risk of extinction. 
 
Despite the substantial reduction in habitat availability and suitability since the construction of 
the Oroville Facilities, the value of the lower Feather River basin as a migratory corridor, and the 
presence of spawning and rearing habitat make it an important node of habitat for the survival 
and recovery of the species. 
 
3.  Southern DPS of North American Green Sturgeon
 
Currently, there are no reliable data on population size of the Southern DPS of green sturgeon, 
however, it is clear that the amount and quality of accessible habitat for this species has been 
greatly reduced and abundance of the Southern DPS of green sturgeon is declining.  There is 
insufficient information to evaluate the productivity of green sturgeon.  However, as indicated 
above, there appears to be a declining trend in abundance, which indicates low to negative 
productivity.  Known historic and current spawning occurs in the Sacramento River, but the 
presence of adult fish in the Feather River suggests that an additional population may exist.  
Green sturgeon genetic analyses shows strong differentiation between northern and southern 
populations, and therefore, the species was divided into a Northern and Southern DPS.  
However, the genetic diversity of the Southern DPS is not well understood. 
 
The principal threat to green sturgeon in the Southern DPS is the reduction of available spawning 
habitat due to the construction of barriers on Central Valley rivers.  Other threats are insufficient 
flow rates, increased water temperatures, water diversion, non-native species, poaching, pesticide 
and heavy metal contamination, and harvest (NMFS 2005; 71 FR 17757).   
 
The majority of the NMFS BRT (NMFS 2005) felt that the blockage of green sturgeon spawning 
from what were certainly their historic spawning areas above Shasta Dam and the accompanying 
decrease in spawning habitat in the Feather River with the construction of Oroville Dam made  
the Southern green sturgeon DPS likely to become endangered in the foreseeable future 
throughout all of its range.  Due to substantial habitat loss, and the decline in abundance 
observed at water pumping facilities, and the occurrence of only one breeding populations, the 
Southern DPS of North American green sturgeon remains at a moderate to high risk of 
extinction.   
 
Despite the overall effects of adult and juvenile green sturgeon in the Feather River over the  
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period of two in-water work seasons due to pile driving activities is not expected to reduce the  
viability of the overall North American green sturgeon southern DPS.  The value of the lower 
Feather River basin as a migratory corridor, and the presence of spawning and rearing habitat is 
high value because although few fish have been observed, the Feather River has the potential to 
support a second spawning population in the DPS, thus making it an important node of habitat 
for the survival and recovery of green sturgeon. 
 
B. Summary of the Effects of the Proposed Action on Listed Species Likelihood of Survival 
and Recovery 
 
Under the proposed Feather River Bridge project, adverse impacts to listed species stemming 
from increased sedimentation and acoustic impacts from pile driving are expected to occur.  
Even though these impacts may cause physiological stress to the extent that the normal behavior 
patterns (e.g., feeding, sheltering and migration) of affected individuals may be disrupted, due to 
the timing of pile driving activities, the overall changes in turbidity and suspended sediment 
associated with this project are not expected to adversely affect listed species.  These impacts are 
primarily low-level, short-term alteration of habitat conditions. The potential for the increase in 
suspended sediment to adversely affect adult green sturgeon is unclear.  However, because 
sturgeon are demersal fish closely associated with the bottom substrate, feed by taste and feel 
with their barbels, and shovel up sediment with their snouts when searching for food, it is 
expected that they would be unaffected by the levels and duration of turbidity expected to be 
produced by the proposed project.  In addition, green sturgeon presence in the Feather River is 
expected to be very low.  Potential impacts are expected to be minimized by meeting California 
Central Valley Regional Water Quality Control Board (CVRWQCB) water quality objectives, 
Caltrans water pollution specifications, implementing BMPs for erosion control, staging 
equipment outside of the riparian corridor, limiting the amount of riparian vegetation removal, 
and restoring disturbed riparian habitat values at the project site. 
 
Pile driving activities are scheduled to occur June 15-October 1.  Elevated levels of underwater 
sound around the pile driving activities may cause temporary behavioral changes, loss or 
reduction of hearing in affected fish, and/or mortality to listed fish.  These impacts will be 
substantially minimized by the pile driving work window restrictions (which correlates with the  
expected elevated water temperatures of 65-75 °F) and by using an attenuation casing for impact 
hammer-driven temporary piles 24-inches or greater in diameter during the period of June 15-
July 14.  Loss of hearing sensitivities in juvenile fish will expose them to higher risks of  
predation.  Fish with impacted hearing capacities will have a lower ability to detect predators and 
may be unable to maintain position in the water column (inner ear equilibrium factors).  NMFS 
believes that this limited exposure to underwater sound levels that would cause behavioral 
effects, injury, and/or mortality is unlikely to significantly affect growth or survival of exposed 
adult and juvenile salmonids and green sturgeon.  Construction lapses, including daily breaks 
and nighttime non-working periods, as well as long periods when no pile driving is scheduled to 
occur, will allow fish to migrate through the action area and minimize the extent of impacts to  
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survival and recovery of salmonid and green sturgeon populations.  In addition, a low proportion  
of the population of fish in the Feather River will be exposed to the pile driving activities.  
 
1.  CV spring-run Chinook salmon 
 
The new Feather River Bridge will be a permanent structure.  However, this will not impede 
listed anadromous fish, such as spring-run to rear and/or migrate up and down the Feather River  
channel.  The construction of the new Feather River Bridge is temporary and the pile driving 
effects on fish will only last as long as the duration of three summer seasons.  In addition, 
summer temperatures will likely keep juveniles from entering the action area.  Therefore, 
adverse effects to spring-run Chinook salmon are expected to occur only during the seasonal in-
water work window.  These adverse effects will affect a very small proportion of the standing 
population and would not appreciably reduce the likelihood of survival and recovery of the CV 
spring-run Chinook salmon.  Injury to Chinook salmon will be at a peak sound level of 206 dB, 
10 meters from the pile driving, between June15 and October 1.  Mortality is expected if sound 
levels reach above cumulative SEL 187 dB during June 15 to October 1.  However, fish presence 
in the action area is expected to be very low.  
 
2.  CV steelhead
 
NMFS anticipates that the proposed project will result in the exposure of a small number of adult 
and juvenile CV steelhead to increased levels of turbidity and suspended sediment, as well as 
noise from pile driving activities.  The exposure to noise in particular is expected to adversely 
affect a small number of individuals.  During June 15 to October 1, noise from pile driving may 
delay or impede fish migration causing increased energy expenditure by affected individuals, but 
as sound pressure levels are not expected to exceed 206 dB, no direct mortality of juvenile or 
adult fish is expected at 10 meters from the piles.  However, fish exposed to an accumulated SEL 
of 187 dB can be physically injured, and may lead to indirect mortality. 
 
The elevated stress levels may degrade the fish’s health and the reproductive potential of adults, 
and increase the potential of juveniles to be preyed upon by striped bass or other large predators 
due to impaired behavioral and physiological responses.  Individuals that appear different in their 
behavior attract predators, and thus experience higher mortality due to predator attacks.  Even so, 
given the low level of exposure expected to result from adherence to the limited seasonal and 
diurnal in-water work windows, the limited adverse response expected from the few individuals  
of the Feather River population that are exposed to these adverse effects, and the relatively small 
contribution to juvenile production that the Feather River provides to the overall population 
numbers for the CV steelhead DPS, it is expected that the effects of the proposed project, when 
considered in the context of the current baseline and likely future cumulative effects, would not 
appreciably reduce the likelihood of survival and recovery of the CV steelhead DPS throughout 
its range.   
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3.  Southern DPS of North American Green Sturgeon
 
NMFS anticipates that the proposed project will result in the exposure of a small number of adult 
and juvenile North American green sturgeon to increased levels of turbidity and suspended 
sediment, as well as noise from pile driving activities.  Given the previous analysis showing that 
green sturgeon are relatively tolerant of turbid/low light environments, the turbidity effects 
associated with the proposed project are not expected to result in measurable impacts to green 
sturgeon.  The exposure to noise in particular is expected to adversely affect a small number of 
individuals.  Noise may displace or impede fish that are rearing or holding in the action area 
causing disruptions in feeding and sheltering behavior of individuals.  Prolonged exposure to 
high sound levels may also result in temporary impacts to the hearing ability of exposed fish, but 
sound pressure levels are not expected to exceed 206 dB, so no direct mortality of juvenile or 
adult fish is expected.  However, fish exposed to an accumulated SEL of 187 dB can be 
physically injured and may lead to indirect mortality. 
 
The elevated stress levels associated with sound exposure may degrade the fish’s health and the 
reproductive potential of adults, and increase the potential of juveniles to be preyed upon by 
striped bass or other large predators due to impaired behavioral and physiological responses.  
Individuals that appear different in their behavior attract predators, and thus experience higher 
mortality due to predator attacks.  However, the effects of the proposed action on the green 
sturgeon in the Feather River are difficult to determine given the paucity of empirical evidence.  
Based on the best available information, it is very likely that a green sturgeon population 
historically utilized the Feather River.   
 
Due to the lack of general abundance information regarding the Southern DPS of North 
American green sturgeon in the Feather River, a variety of estimates must be utilized to 
determine the range of potential effects resulting from the take of a small number of green 
sturgeon due to the proposed action.  Compared to the estimated population sizes suggested by 
the CDFG tagging efforts (CDFG 2002), juvenile and sub-adult captures passing Red Bluff 
Diversion Dam, and past Interagency Ecological Program (IEP) sampling efforts, the low level 
of take estimated from the proposed project would impact a very small proportion of the adult 
and sub-adult North American green sturgeon DPS.  Ratios of tagged white to green sturgeon in 
San Pablo Bay have generated population estimates averaging 12,499 sub-adult and adult green 
sturgeon.  Captures of juvenile green sturgeon passing Red Bluff Diversion Dam have exceeded 
2,000 individuals in some years.  Utilizing trap efficiency estimates generated for salmonids at  
this sampling site (Marten et al 2001) the total estimate of juvenile green sturgeon passing 
RBDD would be in excess of 20,000 fish during that sampling period.  Given these juvenile 
population estimates, the low level of incidental take of North American green sturgeon that is 
expected to result from the proposed project represent a very small proportion of the standing 
population and is not expected to appreciably reduce the likelihood of survival and recovery of 
the Southern DPS of North American green sturgeon. 
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Very few individuals of the Feather River population are expected to be exposed to the affects of 
pile driving, therefore, will not appreciably reduce the continued survival and recovery of the 
green sturgeon Feather River population.  
 
C.  Summary of Effects of the Proposed Action on Critical Habitat 
 
The effects of the proposed Feather River Bridge project is expected to have minimal adverse 
effects upon the functionality and conservation value of the freshwater rearing and migratory  
corridors designated or proposed as critical habitat in the Feather River.  Impacts to the 
designated or proposed critical habitat within the action area that are related to the construction 
actions are temporary, lasting only as long as the pile driving and bridge construction activities.  
The construction actions should never impede or prevent migratory potential in the channel of 
the Feather River due to numerous factors, including: timing of work, location of the action 
(large open migratory habitat still accessible to fish), and protective measures implemented to 
minimize impacts to the river during construction (i.e., BMPs and SWPPP).  Temporary loss of 
foraging/rearing habitat is minimal, given the small footprint of the pile driving compared to the 
available habitat and replacement of riparian vegetation at onsite and offsite locations. 
  
NMFS expects that nearly all of the adverse effects to critical habitat from this project will be of 
a short-term nature and will not affect future generations of listed fish beyond the construction 
period of the project. 
 
VIII.  CONCLUSION 
 
After reviewing the best scientific and commercial data available, including the environmental 
baseline, the effects of the proposed project, and the cumulative effects, it is NMFS biological 
opinion that the Feather River Bridge project is not likely to jeopardize the continued existence 
of threatened CV Spring-run Chinook salmon, threatened CV steelhead,  or threatened Southern 
DPS of North American green sturgeon, and is not likely to destroy or adversely modify 
designated or proposed critical habitat for these species. 
 
IX.  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 kills or injures 
fish or wildlife.  Such an act may include significant habitat modification or degradation where it 
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  
 
 



 48

 

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. 
          
The listing of the Southern DPS of North American green sturgeon became effective on July 7, 
2006, and some or all of the ESA section 9(a) prohibitions against take will become effective 
upon the future issuance of protective regulations under section 4(d).  Because there are no 
section 9(a) prohibitions at this time, the incidental take statement, as it pertains to the Southern  
DPS of North American green sturgeon, does not become effective until the issuance of a final 
4(d) regulation, as appropriate. 
 
The measures described below are non-discretionary, and must be undertaken by Caltrans, as 
appropriate, 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 any contractors to adhere to the terms 
and conditions of the incidental take statement through enforceable terms that are added to any 
contract, permit or grant documents, the protective coverage of section 7(o)(2) may lapse.  In 
order to monitor the impact 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 
 
NMFS anticipates incidental take of CV spring-run Chinook salmon, CV steelhead, and North 
American green sturgeon from impacts directly related to pile driving activities and impairment 
of essential behavior patterns as a result of these activities.  The incidental take is expected to be 
in the form of harm, harassment, or mortality of CV spring-run Chinook salmon, CV steelhead, 
and North America green sturgeon, resulting from the installation and removal of temporary and 
permanent piles.  Incidental take is expected to occur for two in-water work window seasons, 
from June 15 through October 1 (over the course of two years), when individuals of CV spring-
run Chinook salmon, CV steelhead, and green sturgeon could potentially be in the action area.  
Take is expected to be limited to migrating adults, and migrating, rearing and smolting juveniles. 
 
NMFS cannot, using the best available information, quantify the anticipated incidental take of  
individual CV spring-run Chinook salmon, CV steelhead, and the Southern DPS of North 
American green sturgeon because of the variability and uncertainty associated with the 
population size of each species, annual variations in the timing of migration, and uncertainties 
regarding individual habitat use of the project area.  However, it is possible to describe the 
ecological surrogates that will lead to the take: 
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1. Take in the form of injury to juvenile CV spring-run Chinook salmon, CV steelhead, and 
North American green sturgeon for accumulated SEL of 187 dB that will be exceeded on 
33 days during each of the 5 construction years.  Specifically, injury is expected for SEL 
up to 205 dB for piers 4, 5, 6, and 7, for a total of 4 days per year; and peaks of up to 200 
dB for 7.5-foot diameter piles; and 193 dB for 2-foot diameter trestle and bents piles 
between the months of June 15 and October 1.  

 
If these ecological surrogates are not met and maintained, the proposed project will be 
considered to have exceeded anticipated take levels, thus requiring Caltrans to coordinate with  
NMFS within 24 hours on ways to reduce the amount of take down to anticipated levels.  If 
remedial measures are not successful, re-initiation of the consultation will be required.  
 
B.  Effect of Take 
 
NMFS has determined that the level of take resulting from the construction of the proposed 
project is not likely to jeopardize the continued existence of CV spring-run Chinook salmon, CV 
steelhead, or North American green sturgeon, and is not likely to destroy or adversely modify 
designated critical habitat for CV spring-run Chinook salmon, CV steelhead, or proposed critical 
habitat for North American green sturgeon. 
 
C.  Reasonable and Prudent Measures 
 
NMFS has determined that the following reasonable and prudent measures (RPMs) are necessary 
and appropriate to minimize the incidental take of listed anadromous fish. 
 

1. Measures shall be taken to minimize the amount and duration of pile driving and its 
potential impacts on listed salmonids and green sturgeon, and to monitor the range and 
magnitude of compression shock waves generated by pile driving operations. 

 
2. Measures shall be taken to maintain, monitor, and adaptively manage all conservation  

measures throughout the life of the project to ensure their effectiveness.  
 
D.  Terms and Conditions 
 
In order to be exempt from the prohibitions of section 9 of the ESA, Caltrans 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 non-discretionary: 
 
NMFS has determined that the level of take resulting from the construction of the proposed 
project is not likely to jeopardize the continued existence of CV spring-run Chinook salmon, CV 
steelhead, or North American green sturgeon, and is not likely to destroy or adversely modify  
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designated critical habitat for CV spring-run Chinook salmon, CV steelhead, or proposed critical 
habitat for North American green sturgeon. 
 
C.  Reasonable and Prudent Measures 
 
NMFS has determined that the following reasonable and prudent measures (RPMs) are necessary 
and appropriate to minimize the incidental take of listed anadromous fish. 
 

1. Measures shall be taken to minimize the amount and duration of pile driving and its  
potential impacts on listed salmonids, and to monitor the range and magnitude of 
compression shock waves generated by pile driving operations.  

 
• Caltrans shall monitor underwater sound during all impact hammer pile driving 

activities on land or in water whenever there is a possibility the activity may 
exceed the 206 dB peak sound level.  If underwater sound produced during five or 
more strikes on a single day exceeds the maximum allowable level of 206 dBpeak 
at 14 meters from the pile being installed, then NMFS must be contacted within 
24 hours. 

 
• Pile driving shall occur only during daylight hours from one hour after sunrise to       

one hour before sunset. This is to ensure that pile driving does not occur at dawn 
or dusk, during peak salmonid migration and feeding times. 

 
2. Measures shall be taken to maintain, monitor, and adaptively manage all conservation 

measures throughout the life of the project to ensure their effectiveness.   
 

• Caltrans shall purchase riparian credits at a NMFS approved anadromous fish 
conservation bank at a 3:1 ratio for the aerial extent of riparian habitat affected by 
the action.  

 
• Caltrans shall monitor and maintain all onsite riparian plantings within the action 

area for three years, and provide irrigation, fertilization, and replacement 
plantings as necessary to insure full and rapid recovery of disturbed riparian 
habitat features beneficial to anadromous fish. 

 
• If a listed species is observed injured or killed by project activities, Caltrans shall                      

contact NMFS within 48 hours at 650 Capitol Mall, Suite 8-300, Sacramento, CA             
95814.  Notification shall include species identification, the number of fish, and a            
description of the action that resulted in take.  If possible, dead individuals shall 
be collected, placed in an airtight bag, and refrigerated with the aforementioned                     
information until further direction is received from NMFS. 
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• Annual updates and reports required by these terms and conditions shall be 
submitted by December 31 of each year during the construction period to: 

 
                      Sacramento Area Office 

National Marine Fisheries Service 
650 Capitol Mall, Suite 8-300 

Sacramento CA 95814 
FAX: (916) 930-3629 
Phone: (916) 930-3600 

 
XI.  CONSERVATION RECOMMENDATIONS 
 
Section 7(a)(1) of the Act 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, to 
help implement recovery plans, or to develop information. 
 

1. Caltrans should support and promote aquatic and riparian habitat restoration within the 
Feather River Basin, and implement practices that avoid or minimize negative impacts to 
salmon, steelhead, and sturgeon on all of their project sites within critical habitat.  

 
2. Caltrans should provide fiscal and staffing support to anadromous salmonid and sturgeon 

monitoring programs throughout the Sacramento-San Joaquin Delta to improve the 
understanding of migration and habitat utilization by salmonids and sturgeon in this 
region. 

 
In order for NOAA Fisheries to be kept informed of actions minimizing or avoiding adverse 
effects or benefitting listed species or their habitats, NOAA Fisheries requests notification of the 
implementation of any conservation recommendations. 
 
XII.  REINITIATION NOTICE 
 
This concludes formal consultation on the Feather River Bridge project.  As provided in 50 CFR 
'402.16, reinitiation of formal consultation is required where discretionary Federal agency 
involvement or control over the action has been retained (or is authorized by law) and if: (1) the 
amount or extent of incidental take is exceeded, (2) new information reveals effects of the 
agency action that may affect listed species or critical habitat in a manner or to an extent not 
considered in this opinion, (3) the agency 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 shall be reinitiated 
immediately. 
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Enclosure 2 
 

Magnuson-Stevens Fishery Conservation and Management Act 
 

ESSENTIAL FISH HABITAT CONSERVATION RECOMMENDATIONS 
 

I.  IDENTIFICATION OF ESSENTIAL FISH HABITAT 
 
The Magnuson-Stevens Fishery Conservation and Management Act (MSA), as amended (U.S.C. 
180 et seq.), requires that Essential Fish Habitat (EFH) be identified and described in Federal 
fishery management plans (FMPs).  Federal action agencies must consult with NOAA’s National 
Marine Fisheries Service (NMFS) on any activity which they fund, permit, or carry out that may 
adversely affect EFH.  NMFS is required to provide EFH conservation and enhancement 
recommendations to the Federal action agencies. 
 
EFH is defined as those waters and substrates necessary to fish for spawning, breeding, feeding, 
or growth to maturity.  For the purposes of interpreting the definition of EFH, “waters” includes 
aquatic areas and their associated physical, chemical, and biological properties that are used by 
fish, and may include areas historically used by fish where appropriate; “substrate” includes 
sediment, hard bottom, structures underlying the waters, and associated biological communities; 
“necessary” means habitat required to support a sustainable fishery and a healthy ecosystem; 
and, “spawning, breeding, feeding, or growth to maturity” covers all habitat types used by a 
species throughout its life cycle. The proposed project site is within the region identified as EFH 
for Pacific salmon in Amendment 14 of the Pacific Salmon FMPs. 
 
The Pacific Fishery Management Council (PFMC) has identified and described EFH, Adverse 
Impacts and Recommended Conservation Measures for salmon in Amendment 14 to the Pacific 
Coast Salmon FMP (PFMC 1999).  Freshwater EFH for Pacific salmon in the California Central 
Valley includes waters currently or historically accessible to salmon within the Central Valley 
ecosystem as described in Myers et al. (1998), and includes the San Joaquin Delta (Delta) 
hydrologic unit (i.e., number 18040003).  Sacramento River winter-run Chinook salmon 
(Oncorhynchus tshawytscha), Central Valley (CV) spring-run Chinook salmon (O. tshawytscha), 
and CV fall-/late fall-run Chinook salmon (O. tshawytscha) are species managed under the 
Salmon Plan that occur in the San Joaquin Delta hydrologic unit.  The enclosed biological 
opinion (Enclosure 1) thoroughly addresses the species of Chinook salmon listed both under the 
Endangered Species Act (ESA) and the MSA which potentially will be affected by the proposed 
action.  This includes the CV spring-run Chinook salmon.  Therefore, this EFH consultation will 
concentrate primarily on the CV fall/late fall-run Chinook salmon which is covered under the 
MSA, although not listed under the ESA.   
 
Factors limiting Chinook salmon populations in the Feather River include periodic reversed 
flows due to high water exports (drawing juveniles into large diversion pumps), loss of fish into 
unscreened agricultural diversions, predation by introduced species, and reduction in the quality 
and quantity of rearing habitat due to channelization, pollution, rip-rapping, etc. (Dettman et al. 
1987; California Advisory Committee on Salmon and Steelhead Trout 1988, Kondolf et al. 
1996a, 1996b). 



 
A.  Life History and Habitat Requirements 
 
1.  Pacific Salmon
 
General life history information for Central Valley fall-run Chinook salmon is summarized 
below.  Further detailed information on the other Central Valley Chinook salmon Evolutionarily 
Significant Units (ESUs) are available in the enclosed biological opinion, the NMFS status 
review of Chinook salmon from Washington, Idaho, Oregon, and California (Myers et al. 1998), 
and the NMFS proposed rule for listing several ESUs of Chinook salmon (63 FR 11482). 
 
Adult Central Valley fall-run Chinook salmon enter the Sacramento and San Joaquin Rivers 
from July through December and spawn from October through December while adult Central 
Valley late fall-run Chinook salmon enter the Sacramento and San Joaquin Rivers from October 
to April and spawn from January to April (U.S. Fish and Wildlife Service [FWS] 1998). Chinook 
salmon spawning generally occurs in clean loose gravel in swift, relatively shallow riffles or 
along the edges of fast runs (NMFS 1997). 
 
Egg incubation occurs from October through March (Reynolds et al. 1993).  Shortly after 
emergence from their gravel nests, most fry disperse downstream towards the Delta and into the 
San Francisco Bay and its estuarine waters (Kjelson et al. 1982).  The remaining fry hide in the 
gravel or station in calm, shallow waters with bank cover such as tree roots, logs, and submerged 
or overhead vegetation.  These juveniles feed and grow from January through mid-May, and 
emigrate to the Delta and estuary from mid-March through mid-June (Lister and Genoe 1970).  
As they grow, the juveniles associate with coarser substrates along the stream margin or farther 
from shore (Healey 1991).  Along the emigration route, submerged and overhead cover in the 
form of rocks, aquatic and riparian vegetation, logs, and undercut banks provide habitat for food 
organisms, shade, and protect juveniles and smolts from predation.  These smolts generally 
spend a very short time in the Delta and estuary before entry into the ocean.  Whether entering 
the Delta or estuary as fry or larger juveniles, Central Valley Chinook salmon depend on passage 
through the Delta for access to the ocean. 
 
 
II.  PROPOSED ACTION 
 
 
The proposed action is described in detail in section II (Description of the Proposed Action) of 
the enclosed biological opinion (Enclosure 1). 
 
 
III.  EFFECTS OF THE PROPOSED ACTION 
 
The effects of the proposed action is described in detail on salmonid habitat (i.e., Central Valley 
steelhead) are described at length in Effects of the Action of the preceding biological opinion, and 
generally are expected to apply to Pacific salmon EFH. 
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Effects to EFH stemming from construction activities that may contribute sediment and increase 
turbidity will be avoided or minimized by meeting Regional Water Quality Board objectives, 
Caltrans water pollution specifications, implementing applicable BMPs, staging equipment 
outside of the riparian corridor, limiting the amount of riparian vegetation removal, and replacing 
(if any) lost riparian vegetation at the project site. 
 
EFH will be adversely affected by the disturbance of up to 0.20 acres of riparian vegetation as a 
result of construction activities as well as the occupation of the riverbed and water column by 
temporary work trestles and the columns of the new bridge’s substructure.  The majority of these 
impacts are expected to be temporary, as all disturbed areas outside the actual footprint of the 
new bridge would be restored to preconstruction conditions and any areas of disturbed vegetation 
would be replanted with native riparian vegetation.  Additionally, implementation of the 
proposed project would result in a permanent net increase of riverine habitat since this project 
would result in fewer piers being located within the channel. 
 
These effects to EFH may result in a temporary redistribution of some individuals, primarily 
migrating adult and rearing juvenile salmonids, but, due to the temporary nature of these 
disturbances, the adverse effects that are anticipated to result from the proposed project are not of 
the type, duration, or magnitude that would be expected to adversely modify EFH to the extent 
that it could lead to an appreciable reduction in the function and conservation role of the affected 
habitat. NMFS expects that nearly all of the adverse effects to EFH from this project will be of a 
short term nature and will not affect future generations of Pacific salmon beyond the construction 
period of the project. 
 
IV. CONCLUSION 
 
Based on the best available information, and upon review of the effects of the proposed Feather 
River Bridge project, NMFS believes that the construction and operation of the project features 
will have temporary adverse effects on EFH of Pacific salmon protected under MSA. 
 
V. EFH CONSERVATION RECOMMENDATIONS 
 
As the habitat requirements of Central Valley fall-run Chinook salmon within the action area are 
similar to those of the federally listed species addressed in the enclosed biological opinion, 
NMFS recommends that reasonable and prudent measures numbers 1 and 2 and their respective 
implementing terms and conditions listed in the incidental take statement prepared for Central 
Valley steelhead and the Southern DPS of North American green sturgeon in the associated 
biological opinion, be adopted as EFH conservation recommendations. Those terms and 
conditions which require the submittal of reports and status updates can be disregarded for the 
purposes of this EFH consultation as there is no need to duplicate those submittals. 
 
VI. STATUTORY REQUIREMENTS 
 
Section 305 (b) 4(B) of the MSA requires that the Federal lead agency provide NMFS with a 
detailed written response within 30 days, and 10 days in advance of any action, to the EFH 
conservation recommendations, including a description of measures adopted by the lead agency 
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for avoiding, minimizing, or mitigating the impact of the project on EFH (50 CFR '600.920[j]).  
In the case of a response that is inconsistent with our recommendations, the lead agency must 
explain its reasons for not following the recommendations, including the scientific justification 
for any disagreement with NMFS over the anticipated effects of the proposed action and the 
measures needed to avoid, minimize, or mitigate such effects. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 4



VII. LITERATURE CITED 
 
California Advisory Committee on Salmon and Steelhead Trout.  1998.  Restoring the balance. 

California Department of Fish and Game, Inland Fisheries Division, Sacramento, 
California, 84 pages. 

 
Dettman, D.H., D.W. Kelley, and W.T. Mitchell. 1987.  The influence of flow on Central Valley 

salmon. Prepared by the California Department of Water Resources. Revised July 1987.  
66 pages. 

 
Healey, M.C. 1991. Life history of Chinook salmon.  In C. Groot and L. Margolis: Pacific 

Salmon Life Histories. University of British Columbia Press. 
 
Kjelson, M.A., P.F. Raquel, and F.W. Fisher. 1982.  Life history of fall-run juvenile Chinook 

salmon, Oncorhynchus tshawytscha, in the Sacramento-San Joaquin estuary, California, 
pages 393-411.  In V.S. Kennedy (Editor), Estuarine Comparisons. Academic Press, New 
York, New York. 

 
Kondolf, G.M., J C. Vick, and T.M. Ramirez. 1996a.  Salmon spawning habitat rehabilitation in 

the Merced, Tuolumne, and Stanislaus Rivers, California: an evaluation of project 
planning and performance. University of California Water Resources Center Report No. 
90, ISBN 1-887192-04-2, 147 pages. 

 
Kondolf, G.M., J.C. Vick, and T.M. Ramirez. 1996b. Salmon spawning habitat on the Merced 

River, California: An evaluation of project planning and performance. Transactions of the 
American Fisheries Society 125: 899-912. 

 
Lister, D.B., and H.S. Genoe.  1970.  Stream habitat utilization by cohabiting under yearlings of 

(Oncorhynchus tshawytscha) and coho (O. kisutch) salmon in the Big Qualicum River, 
British Columbia.  Journal of the Fishery Resources Board of Canada 27: 1215-1224.  

 
Myers, J.M., R.G. Kope, G.J. Bryant, D. Teel, L.J. Lierheimer, T.C. Wainwright, W.S. Grant, 

F.W. Waknitz, K. Neely, S.T. Lindley, and R.S. Waples.  1998.  Status review of 
Chinook salmon from Washington, Idaho, Oregon, and California. U.S. Department of 
Commerce, NOAA Technical Memorandum NMFS-NWFSC-35, 443 pages. 

 
National Marine Fisheries Service.  1997.  Proposed recovery plan for the Sacramento River 

winter-run Chinook salmon.  National Marine Fisheries Service, Southwest Region, Long 
Beach, California, 288 pages plus appendices. 

 
Pacific Fishery Management Council.  1999.  Description and identification of essential fish 

habitat, adverse impacts and recommended conservation measures for salmon.  
Amendment 14 to the Pacific Coast Salmon Plan, Appendix A.  Pacific Fisheries 
Management Council, Portland, Oregon. 

 
Reynolds, F.L., T.J. Mills, R. Benthin, and A. Low.  1993.  Restoring Central Valley Streams: A 

Plan for Action. California Department of Fish and Game. Inland Fisheries Division. 

 5



 
U.S. Fish and Wildlife Service.  1998.  Central Valley Project Improvement Act tributary 

production enhancement report. Draft report to Congress on the feasibility, cost, and 
desirability of implementing measures pursuant to subsections 3406(e)(3) and (e)(6) of 
the Central Valley Project Improvement Act. U.S. Fish and Wildlife Service, Central 
Valley Fish and Wildlife Restoration Program Office, Sacramento, California. 

 
Federal Register Notices Cited 
 
Volume 63 pages 11482-11520.  March 9, 1998.  Endangered and Threatened Species:  Proposed 

Endangered Status for Two Chinook Salmon ESUs and Proposed Chinook Salmon ESUs; 
Proposed Redefinition, Threatened Status, and Revision of Critical Habitat for One 
Chinook Salmon ESU; Proposed Designation of Chinook Salmon Critical Habitat in 
California, Oregon, Washington, Idaho. 

 
 
 

 6



State of California Business, Ransportation and Housing Agency 
Department of Transportation 

To: Jeff Sims, Branch chief Date: July 29, 2008 
Structure Design North, Branch 1 

Attn. Greg Jones File: Feather River Bridge 
Bridge No. 18-0026 
03-SUT-99- P.M. 12.03 
EA 03- 1A4321 

From: Department of Transportation 
Division of Engineering Services 
Office of Design and Technical Services 
Structure Hydraulics and Hydrology, MS#S-HYD-1/21 

Subject: Revised Final Hydraulics Report 'for Feather River 
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Revised Hydrology & Hydraulics Report 

General 

This is the Revised Final Hydraulic Report for the proposed Feather River 
Bridge (Br. No. 18-00261, located a t  PM 12.03 on State Route 99 near Nicolaus in 
Sutter County. The project proposes t o  improve the existing State Route 99, 
starting fiom PM 11.1 and ending a t  PM 14.3 in Sutter County. The existing 
highway will be converted fiom two lanes to four lanes with a continuous median 
and left turn lanes. A new Feather River Bridge (Br. No. 18-0026R) will be 
constructed parallel to the existing Feather River Bridge. 

All reference data and calculations of this hydraulic report are obtained fiom 
the following sources: 

Hydraulic and Hydrologic Documentation for FEMA Certification of Three 
River's Levee Improvement Authority Project prepared by MBK 
Engineers, dated December 2006. 
Floodplain Information- Feather River, Nicolas-CA prepared by Corps of 
Engineer, U.S. Army dated November 1968. 
Floodplain Study prepared by District 3 dated April 24,1992. 
Preliminary Hydraulic Report prepared by Structures Hydraulics Office 
dated October 3,2000. 
A field inspection was conducted by Structure Hydraulics on May 1,2007 
Caltrans Bridge Maintenance Records (BIR'S) 
HEC-RAS Ver. 3.1.3, a hydraulic modeling computer program 
As-Built Plans for the Feather River Bridge dated 1011956 
General Plans provided by Structure Design North, Branch 1,dated May 
30,2008 
Temporary construction configuration plans provided by Structure Design 
North, Branch 1,dated June 08,2008 
2007 Channel cross-sections provided by Preliminary Investigations North 
dated May 2007 

Note: 
All calculated elevations in this report are based upon the General 
Plan for the Feather River Bridve dated 051200'7, and the NGVD29 
reference datum. Please ve rifv datum references to the Final 
Design Plans and make elevation adiustments as required. 

- 
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Existing Structure 

The existing Feather River Bridge (Br. No.18-0026) was built in 1958 by 
Caltrans. It has 31 PC/PS girder spans. Both abutments and Pier 2 are founded on 
Raymond step taper piles and all other piers are founded on P C P s  concrete piles. 
The bridge has a total length of 3186 ft  with an original width of 32.2 ft. The bridge 
was widened at  the south side in 1999 to make a new total width of 43.6 ft. The 
Bridge Inspection Report dated January 20, 2005 from the Office of Special 
Investigation, Hydraulics Branch has determined that the bridge remains scour 
critical. The Item 113 code is 7, "Countermeasures have been installed to mitigate 
an existing problem with scour and t o  reduce the risk of bridge failure during a 
flood event. Instructions contained in a Plan of Action have been implemented to 
reduce the risk to users from a bridge failure during or immediately after a flood 
event". Sheet pile encasements were installed around Piers 13 and 14 to address 
scour due t o  channel migration. No additional work is needed for the existing 
structure, but the existing structure should be monitored for changes in the channel 
conditions. 

Proposed Structures 

The new Feather River Bridge (Br. No. 18-0026 R) is a 16 span Precast 
Spliced, Modified Bulb Tee Girder Bridge on two 7.5' diameter CISS Piles, and seat 
type abutments. Span configuration: 152'6" and 115'6" end spans and 14 spans @ 
210'. It has a total length of 3148 ft and 41.8 ft in width. 

Basin 

The watershed is approximately 5,372 square miles above its mouth at  the 
town of Verona and with an additional 550 square miles from the Bear River 
system; a principal tributary located to the east of the Feather River. Between 
Marysville and Verona, the stream travels southerly about 28 miles along conhed 
levees through flat terrain. The floodway width varies from 2,600 to 7,000 feet. 
Snowmelt and rain from Bear River would affect the water surface elevation of the 
Feather River as well as the flow from the upper part of the Sutter Bypass. The 
Sutter Bypass is a natural flood overflow channel that carries excess flow from the 
Sacramento River. Flows are moderated by the multiple reservoirs and dams; the 
Oroville, Marysville and New Bullards Bar reservoirs were built t o  control the flow 
during the extreme flood season. Feather River starts in the snowfields of the 
northern Sierra Nevada, ranging in elevation from 8000 feet to the flat valley land 
at 35 feet. The mean annual rainfall at is about 20 inches near the bridge site and 
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90 inches along the ridges near the West Branch headwaters of the North Fork 
Feather River. The maximum precipitation record was 165 inches, which occurred 
at LaPorte in the 1910 t o  1911 wet season. The watershed is covered by farmland in 
the valley areas and thick forest in the mountain areas. The climate is 
distinguished by hot and dry summers and cool wet winters. The average 
temperature in the basin ranges from 96°F in summer t o  27°F in winter. Rainstorms 
normally occur between November to April and have caused flooding many times in 
the past before the damlresewoir system was in place. 

Discharge 

The discharge at the bridge o r  the released water regulated by reservoirs is 
about 320,000 cfs, obtained from a study prepared by Corps of Engineers, U.S. 
Army in 1968 for the California Reclamation Board, Sutter and Yuba Counties 
under title "Flood Plain Information of Feather River near Nicolaus, California". 
Recently, MBK Engineers completed a study ''Hydraulic and Hydrologic 
Documentation for F E U  Ceracation of Three River's Levee Improvement 
Authority Project" in December 2006, and in the report, the discharge at the 
existing Feather River Bridge was increased t o  329,814.90 cfs. Since the project is 
under California Reclamation Board jurisdiction, the Design Flood is the same as 
the 100-Year Flood and the discharge of 330,000 R8/s is used for calculations. 

Stage 

HEC-RAS Version 3.1.3 - streambed analysis computer programs were used 
for the water modeling and bridge scour calculations. The Manning's roughness 
coefficient (0.027 t o  0.055) was taken fiom 2000 and 2007 field inspection reports. 
Preliminary Investigations North provided channel cross-sections. The General 
Plans from Structure Design North, Branch 1,dated May 30,2008, was used for the 
bridge model. Channel migration, minor channel degradation and moderate debris 
condition were considered for the scour calculation. The estimated high water 
elevation at the upstream face of the structure based on is shown in TABLE 1. 

TABLE 1 
Design Flood 1 100-year storm 

330,000 Rs/s 
WS. Elev. Available Freeboard 

(Base on lowest calculated soffit) 
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This hydraulic study shows that there will not be any significant increase on 
the base floodwater surface elevation in the area of the proposed project within the 
existing floodplain condition. 

Streambed 

The streambed of the Feather River consists of mostly loose sand with very 
little cohesive material. The stream channel slope at the site is relatively flat at 
both upstream and downstream segments of the proposed site. Channel migration 
has occurred in the past. The riverbank had migrated northward as the result of 
many large floods in earlier years, probably during 1955 to 1965. The thalweg had 
moved northward about 320 feet in the period of 31 years -from 1956 to 1987, but it 
has stabilized, slowing its migration in the last 20 years. Minor channel migration 
still occurs although the channel seems laterally stable. For more information on 
the channel bed composition and its depths, please refer to the Log of Test Borings 
provided by the Foundation Investigation Branch, Division of Geotechnical Services 
for this project. 

Velocity 

Under the estimated channel discharge, the maximum velocity is 7.6 Ws, and 
the average velocity is 5.0 Ws. 

Waterway 

The proposed structure will be sficient to pass the 100-year discharge plus 
adequate -freeboard. The minimum waterway area is 68,000 R2. 

Drift 

Bridge maintenance records are available for the existing Feather River 
Bridge (Br. No. 18-0026). According to these records, moderate t o  large drift have 
been found around various piers and debris removal has been recommended several 
times. During the field investigation in May 1,2007, trees up to 1.5 R in diameter or 
larger were observed in -front of Piers 13 to 15, at the upstream side of the bridge. 
One foot of debris width will be added at each side of the pier for pier scour 
calculations. 
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Minimum Soffit Elevation 

The Feather River is in the State Reclamation Board's adopted designated 
floodways of the Central Valley. The Board requires that the soffit of the proposed 
bridge at  the major waterway should be at least 3.0 feet above the water surface 
elevation for the 100-year discharge (see California Code of Regulation by 
Reclamation Board, Title 23, Division 1, Vol. 32, Section 128). The calculated 100- 
year water stage elevation is 50.4 ft, and the minimum soffit elevation at  the 
upstream side of the proposed structure is 53.4 ft. 

Bridge Skew and Hydraulics Skew 

There is no bridge skew for both proposed and existing structures. Five 
degrees of hydraulic skew was used to calculate potential scour for pier design. 

Scour and Channel Degradation 

Based on available records &om 1956 to 2007, the channel is considered 
laterally and vertically unstable. Channel degradation was observed and recorded 
&om 1956 t o  the present time. Between 1956 to 1987, the thalweg has dropped 10 ft 
in elevation and moved 320 ft northward. Channel degradation and migration rates 
were slowed after 1987 at  a rate about 0.1 foot per year. Future degradation for the 
estimated 75-year design lifespan of the proposed structure was calculated at 
approximately 5.0 ft. This value was used in estimating the tota l  scour in this 
report. Maintenance records showed the existing structure has significant local 
scour history at Piers 13 and 14 due to the high water velocity during the big storms 
in the past years. The maximum local scour is anticipated at Piers 4 to 8 of the new 
structure. The total local pier scour depth is about 16.50 ft for the 7.5 ft diameter 
columns. The potential total pier scour depth (total local pier scour plus assumed 
future degradation) is 21.50 ft. Potential debris loading is considered in the scour 
calculation by adding the columns diameter two feet. The upstream cross sections 
were provided by the Preliminary Investigations North survey dated May 2007. The 
final supported elevation for all pier and abutment foundations should be consulted 
with the Geotechnical Branch. The anticipated scour depths are shown on TABLE 2. 

TABLE 2 

Thalweg Elevation (2007) 

11.80 f t  

Projected 75-yr Thalweg Elevation (2082) 

Scour Elevation (Max) 

-5.00 ft 
Scour Elevation (2082) 

6.80 ft -10.00 ft 
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Bank Protection 

Channel migration is a characteristic of this particular river due to the high 
flow and non-cohesive bed materials. Loose sands cannot resist the high water 
velocity during a big storm discharge and it is dif&ult to predict the outcome 
because the channels recharge process. Structure Hydraulics recommends placing 
the RSP a t  the abutment slopes and the rock size is provided in TABLE 3. District 
will determine whether bank protection is required a t  the roadway approaches. 

TABLE 3 

Note: The minimum recommended rock weight is 1h ton a t  easy access areas to 
prevent illegal removal of the material out of the site. 

RSP Fabric 
Method of Placement 

Total minimum thiclmess 

Flood Plain Encroachment 

Thickness 
3.3 ft  

1.25 ft  or 1.80 ft  

Recommendation for RSP rock size 
Outside layer 

Inner layers RSP -Class 
Backing Class No. 

The proposed project is in the flood hazard areas inundated by the 100-year 
flood. The zoning is "ZONE A"; no base flood elevation determined as shown on 
Sutter County, California Flood Insurance Rate Map (FIRM), Community-Panel 
Number 0603940200 B, dated April 5,1988. The entire proposed bridge lies within 
the State Reclamation Board designated floodway and will require a permit. 

Ton  
% Ton 
None 
1 or 2 

A 
B 

4.55 f t  

Hydrology s tudy fo r  construction stage 

-- 

Structure Design North, Branch 1 provided a temporary construction 
configuration plans for environmental permit acquisition. Based upon an assumed 
construction falsework, temporary girders will be used to support the structure during 
construction. The bridge configuration has more restraints than the f i s h e d  structure 
because theincreased number of temporary support girders will reduce the waterway. 
To ensure ... the backwater ..... does ......... not effect .......... the - exiting structure downstream, a model ...................... . . . . . . . . . . . . . .  - . . . . . .  
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with add-on temporary girders was studied using five different scenarios: 2-year 
storm, 5-year storm, 10-year storm, 50-year storm, and 100-year storm. The results 
are listed in on TABLE 4. 

TABLE 4 
Existing Feather River Bridge (Br. No. 18-0026) 

Note: Discharge was calculated with USGS FLOOD FREQUENCY EQUATION and 
compared the result with the GAGE METHOD (USGS Gage # 11425000) using 
whichever is greater. 

Events 
2-year storm 
&year storm 
10-year storm 
50-year storm 
100-year storm 

New Feather River Bridge (Br. No. 18-0026R) 
(Temporary construction codguration) 

Discharge (Ws) 
82,000 
122,000 
152,000 
272,000 
330,000 

From the result of the study, the difference of the water surface elevation and 
velocities between the temporary proposed structure and the existing bridge are 
minor; therefore backwater is not a problem during the construction period. 

Events 
2-year storm 
5-year storm 
10-year storm 
50-year storm 
100-year storm 

Average 
Velocity. (Ws) 

4.28 
4.02 
4.00 
4.73 
5.10 

WS Elev. (ft) 
33.72 
38.39 
41.09 
47.86 
50.38 

Discharge (Ws) 
82,000 
122,000 
152,000 
272,000 
330,000 

Average 
Velocity. (ftls) 

4.31 
4.12 
4.09 
4.82 
5.18 

WS Elev. (ft) 
33.77 
38.44 
41.14 
47.91 
50.44 
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Summary Information for the Bridge Designer 

Below is a summary of key design parameters based on the hydrology and 
hydraulic analysis performed for this structure: 

t warranted by the State and 

All calculated elevations in this report are based on the General Plans from 
Structure Design North, Branch 1, and dated 05/30/2008. 
Potential Scour Eleuation=Local Scour Elevation-5 ft for future degradation. 

This report has been prepared under my direction as the professional engineer 
in responsible charge of the work, in accordance with the provisions of the 
Professional Engineers Act of the State of California. 

. . 

. . ~ . .  . ~. . 
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