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Executive Summary 

The Three Rivers Levee Improvement Authority (TRLIA) has requested engineering design 
and environmental services for levee improvements for the Yuba River left bank levee. This 
Basis of Design for necessary levee repairs has been completed for the Yuba River levee reach 
between the Southern Pacific Railroad and Simpson Lane in Reclamation District No. 784.  
Note that the levee repairs discussed herein will be constructed as part of the TRLIA Phase 4 
project in 2006.  Additional levee repairs necessary along the remainder of the Yuba River 
levee between SR 70 and the Goldfields will be completed as part of future work.   

The purpose and scope of this Basis of Design as well as a project background are presented in 
Section 1.  The general design criteria considered for levee improvements are summarized in 
Section 2.  A summary of existing conditions (including geotechnical and hydraulic conditions) 
is presented in Section 3.  The alternatives analysis, which includes a geotechnical assessment, 
hydraulic analyses, a description of the levee repair options, and other considerations, is 
presented in Section 4.  A description of the preferred alternative for the basis of the levee 
repair design is presented in Section 5.  Preliminary (90 percent design level) project costs for 
the preferred alternative are summarized in Section 6. 

Two alternatives were considered for the preliminary analyses; (Alternative 1) a soil-cement-
bentonite slurry cutoff wall constructed through the levee crown and (Alternative 2) a soil-
cement-bentonite slurry cutoff wall at the waterside toe plus a waterside slope impervious zone.    
Based on the geotechnical and hydraulic analyses presented herein, along with environmental, 
real estate, utility and construction considerations, HDR recommends that Alternative 1 (the 
cutoff wall through the levee crown) be designated as the preferred alternative.  At a Check 
Point meeting, stakeholders and the project team discussed the merits of each alternative and 
chose Alternative 1 as the preferred alternative.  This alternative will be the design basis that is 
to be used to develop construction plans and specifications. 

The anticipated project costs (including construction costs, land acquisition, mitigation, design 
and construction management) of the preferred alternative (90 percent design level) is 
$15,228,000. 
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1.  Introduction 

1.1  Project Background and Description 

The Three Rivers Levee Improvement Authority (TRLIA) has requested engineering design 
and environmental services for levee improvements for the Yuba River left bank levee. As an 
amendment to the Phase 2 contract with TRLIA (TRLIA Contract No. CON0003539), this 
Basis of Design report for necessary levee repairs has been completed for the Yuba River levee 
reach between the Union Pacific Railroad (UPRR), also noted as Southern Pacific Railroad 
(SPRR), and Simpson Lane in Reclamation District No. 784 (RD No. 784).  This segment of 
levee repairs has also been referred to as Phase 2B. Note that the levee repairs discussed herein 
will be constructed as part of the TRLIA Phase 4 project in 2006.  Additional levee repairs 
necessary along the remainder of the Yuba River levee between SR 70 and the Goldfields will 
be completed as part of future work.   

The location of the Yuba River left bank levee between the UPRR and Simpson Lane is shown 
on Plates 1 and 2.  The project objective is to identify and construct levee improvements 
necessary to provide 200-year freeboard and underseepage flood protection along this levee 
reach.  In doing this, the project will also enable the levees to retain Federal Emergency 
Management Agency (FEMA) certification for 100-year flood protection.  

The project team is preparing preliminary engineering (pre-design analysis including this Basis 
of Design report), environmental compliance documentation, permits, and final construction 
documents (plans, specifications, and a construction cost estimate).  The alternatives that were 
considered for levee repair are presented in this report.  Alternatives were reviewed by project 
stakeholders and a preferred alternative has been identified, which is presented herein.   

1.2  Purpose of Alternatives Analysis and Basis of Design Report 

The need for levee repairs for the Yuba River left bank levee is described in the “Problem 
Identification Report, Yuba River Left Bank Levee SPRR to Simpson Lane (Approximate PLM 
0.9 to 2.2), Reclamation District 784, Yuba County, California," (PIR) completed by 
Kleinfelder, Inc. on August 29, 2005 as part of this contract. The purpose of the PIR was to 
investigate levee and subsurface conditions along the project reach, evaluate whether the levee 
will meet performance requirements prescribed by FEMA guidelines, and provide preliminary 
recommendations for levee repairs as necessary.  

An Alternatives Analysis has been completed, the purpose of which was to perform a feasibility 
level assessment of the required levee repairs described in the PIR.  The analysis included 
preliminary geotechnical evaluations (seepage analyses) and hydraulic analyses (freeboard, 
erosion potential, wind and wave assessments) for the potential levee repairs.  The analyses 
were conducted in sufficient detail in order to develop feasibility-level cost estimates.   
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Various levee repairs alternatives were considered, including cutoff walls, seepage berms, relief 
wells and set forward levees.  As discussed herein, the two levee repair alternatives that were 
evaluated include: 

 A soil-cement-bentonite cutoff wall constructed through the levee crown  

 A soil-cement-bentonite cutoff wall constructed at the waterside toe plus a 
waterside impervious zone.  

This Basis of Design report includes a summary of design criteria, a description of existing 
levee conditions (including geotechnical and hydraulic conditions), analyses of levee repair 
alternatives, a discussion of various project considerations (environmental, real estate, utility 
and construction), a description of the preferred alternative that will be carried into design, and 
a preliminary costs estimate of the preferred alternative. 

1.3  Assumptions for Analyses 

The project team has made several assumptions in order to complete this Basis of Design for 
the Yuba River left bank levee, including the following: 

 An evaluation of existing conditions as to whether levee improvements will be needed 
will consider both 100-year and 200-year water surface profiles.   

 Any required levee strengthening improvement designs will be based on 200-year flood 
conditions. 

 Any required levee raise to provide 3 feet of freeboard above the 200-year water surface 
profile will be included in the design of the Yuba River left bank levee. 

 Wave run-up/setup will be evaluated considering the 100-year water surface elevation 
on the Yuba River. 

 Potential erosion sites (due to stream flow or wave wash) will be addressed. 

 

1.4  Previous Investigations 

A number of previous reports and studies have evaluated the project levee reach with respect to 
seepage, stability and settlement. The following list summarizes studies and key conclusions 
drawn from these reports, as prepared by Kleinfelder (Problem Identification Report, Yuba 
River Left Bank Levee SPRR to Simpson Lane (Approximate PLM 0.9 to 2.2), Reclamation 
District 784, Yuba County, California, August 29, 2005).  

 The Sacramento District, U.S. Army Corps of Engineers (USACE) prepared a report 
dated January 1990 entitled “Sacramento River Flood Control System Evaluation, Initial 
Appraisal Report – Marysville/Yuba City Area.” This report included a summary of 
findings and recommendations presented in the following two reports prepared for 
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USACE by The MARK Group: “Geotechnical Report for Subsurface Explorations, 
Levee Evaluations, Yuba County, California,” dated September 2, 1988, and 
“Geotechnical Stability Assessments, Levee Evaluations, Yuba County, California,” 
dated April 21, 1989. It also includes the USACE report dated October 1989 entitled 
“Office Report, Geotechnical Evaluation of Levees in Yuba, Sutter, and Butte 
Counties.” The Yuba River left bank levee was evaluated as part of the studies and the 
breach that occurred on February 20, 1986 downstream of this levee reach was 
discussed.  

 The Sacramento District USACE prepared levee subsurface profile drawings that 
included simplified logs from 1988, 1991, 1997, 2001, and 2004 USACE explorations 
along the Yuba River left bank levee. These profile drawings also indicated the location 
and invert of a slurry cutoff wall completed in 1997 and the location and size of a 
landside berm-and-drain completed in 1998 within the subject levee reach. In addition, 
USACE prepared detailed logs of several explorations performed in 1988, 1997, 2001, 
and 2004 within the subject levee reach. USACE also prepared seepage analysis 
computations and results for Yuba River left bank levee dated May 2004. 

 USACE prepared contract drawings dated July 1996 for the Contract 2A- Site 6 slurry 
wall and as built drawings dated June 1997 (some revisions noted in 2000) for the 
Contract 2B-Site 6 landside berm and toe drain, each of which were constructed along 
portions of the subject levee reach.  

 California Department of Water Resources (DWR) conducted a pump test in 1997 using 
an extraction well located northwest of the intersection of the Yuba River left bank 
levee and the Southern Pacific Railroad. Time-drawdown and time-recovery curves 
were developed by DWR for six observation wells and used to evaluate horizontal 
aquifer permeability. The calculated horizontal permeability varied from about 375 to 
1278 feet per day with an average from six drawdown and five recovery curves equal to 
about 750 feet per day 

 Kleinfelder performed subsurface explorations along the Yuba River left bank levee 
between Highway 70 and the UPRR (approximate project levee mile  (PLM) 0.32 to 
0.9) and prepared a PIR for this adjacent reach. The purpose of the investigation was to 
perform an evaluation of the levees in accordance with FEMA guidelines.  Additional 
seepage analyses relative to the subject levee between just downstream of Highway 70 
and the UPRR and between the UPRR and the downstream end of the existing slurry 
cutoff wall were completed in 1997 (overall reach from approximate PLM 0.28 to 1.23).  
Two memoranda relative to this levee reach were prepared and are as follows: 

 “Problem Identification Report, Yuba River Left Bank Levee, Highway 70 to 
SPRR ( Approximate PLM 0.32 to 0.91), Reclamation District 784, Yuba County, 
California,” dated June 11, 2004. File No. 43299, prepared for Three Rivers 
Levee Improvement Authority. 
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 “Technical Memorandum, Alternatives Assessment Yuba River Repair, Yuba 
County, California,” dated September 23, 2004. File No. 46111, prepared for 
HDR Engineering, Inc., (Note: This report also addressed the subject levee 
upstream of the UPRR to the downstream end of the existing slurry cutoff wall 
near PLM 1.23). 

 “Geotechnical Design Memorandum, Bear River North Levee, WPIC West Levee 
and Yuba River South Levee, Reclamation District 784, Yuba County, 
California,” dated February 21, 2005. File No. 51730-GEO, prepared for HDR 
Engineering, Inc. 



Yuba  R iver  Levee  Repa i rs  -  UPRR to  S impson  Lane  
 B AC KCH ECK B as is  o f  D es ign  

 

TRLIA 6 
Yuba River Left Bank Levee UPRR to Simpson Lane January 31, 2006 
\\sac-filsrv1\Projects\201064-TRLIA\36522 TRLIA Phase 4 Yuba River\06.00_Project_Engineering_and_Design\Design_Basis_and_Criteria\Basis of Design TM\Final BDR\Draft 
Final Basis of Design TM.doc 

2.  General Design Criteria 

For this report, feasibility-level designs and estimates have been prepared to better evaluate 
potential levee repair alternatives.  These preliminary designs have been (and subsequent 
designs will be) prepared considering design criteria for levee construction established by 
USACE, the California Reclamation Board, and the Federal Emergency Management Agency 
(FEMA), which are listed below.  Project specific design criteria have also been established to 
clearly describe how specific analyses (e.g., hydraulic exit gradients and wind-generated 
waves) will be evaluated. 

2.1  USACE Levee Design Criteria 

Designs for the Yuba River left bank levee repairs will conform to the design criteria 
established by USACE for levee construction.  USACE design criteria contained in the 
following references will be followed: 

2.1.1  USACE Engineer Regulations 

Regulation No. Publication Date Title 

ER 1110-1-12 01 Jun 93 Quality Management 

ER 1110-2-1150 31 Aug 99 Engineering and Design for Civil Works Projects 

 

2.1.2  USACE Engineer Manuals 

Manual No. Publication Date Title 

EM 1110-2-1110 30 Apr 02 Coastal Engineering Manual, Part II 

EM 1110-2-1204 10 Jul 89 Environmental Engineering for Coastal Shore Protection 

EM 1110-2-1205 15 Nov 89 Environmental Engineering and LocalFlood Control Channels 

EM 1110-2-1416 15 Oct 93 River Hydraulics 

EM 1110-2-1419 31 Jan 95 Hydrologic Engineering Requirements for Flood Damage Reduction Studies 

EM 1110-2-1601 30 Jun 94 Hydraulic Design of Flood Control Channels, Change 1 

EM 1110-2-1614 30 Jun 95 Design of Coastal Revetments, Seawalls, and Bulkheads 

EM 1110-1-1804 1 Jan 01 Geotechnical Investigations 

EM 1110-2-1902 31 Oct 03 Slope Stability 

EM 1110-2-1913 30 Apr 00 Design & Construction of Levees 

EM1110-2-1914 29 May 92 Design, Construction and Maintenance of Relief Wells 

EM 1110-2-2705 31 Mar 94 Structural Design of Closure Structures for Local Flood Protection Projects 

EM 1110-2-2902 31 Mar 98 Conduits, Culverts, and Pipes 

EM 1110-2-3102 28 Feb 95 General Principles of Pumping Station Design and Layout 

EM 1110-2-3104 30 Jun 89 Structural and Architectural Design of Pumping Stations 
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2.1.3  USACE Engineer Technical Letters 

TL No. Publication Date Title 

ETL 1110-1-185 1 Feb 99 Guidelines on Ground Improvement for Structures and Facilities 

ETL 1110-2-221 29 Nov 76 Wave Run-up and Wind Setup on Reservoir Embankments 

ETL 1110-2-286 25 Jul 84 Use of Geotextiles Under Riprap 

ETL 1110-2-299 22 Aug 86 Overtopping of Flood Control Levees and Floodwalls 

ETL 1110-2-305 16 Feb 84 Determining Sheltered Water Wave Characteristics 

ETL 1110-2-367 31 Mar 95 Interior Flood Hydrology 

ETL 1110-2-569 01 May 05 Design Guidance for Levee Underseepage 

 

2.1.4  USACE CESPK Internal Guidelines 

Publication Date Title 

28 June 2004 Geotechnical Levee Practice, SOP EDG-03 

2003 
USACE CESPK Levee Task Force, Recommendations for Seepage Design 
Criteria, Evaluation and Design Practices 

2.1.5  Other References 

Publication Date Title 

1967 Terzaghi, K. and Peck, R. B.  “Soil Mechanics in Engineering Practice,” Wiley, New York 

1986 
NAVFAC.  “Soil Mechanics,” Design Manual 7.01, September, Department of the Navy, Naval 
Facilities Engineering Command, Alexandria, Virginia 

1979 Freeze, R.A. and Cherry, J.A., “Groundwater,” Prentice-Hall, New Jersey 

 

2.2  The Reclamation Board 

The following information is taken from the Report on Feasibility Yuba-Feather Supplemental 
Flood Control Project, Appendix E: Preliminary Design, Volume 1 of 3, Section 4. 

The California Reclamation Board has primary jurisdiction approval of levee design and 
construction.  The Reclamation Board standards are found in Title 23, Division 1, Article 8 
(Sections 111 through 137) of the California Code of Regulations (CCR), and constitute the 
primary state standard. Section 120 of the CCR directs that levee design and construction be in 
accordance with the Corps’ Engineer Manual EM 1110-2-1913, Design and Construction of 
Levees.  This document is the primary federal standard applicable to this project, as 
supplemented by additional prescriptive standards contained in Section 120 of the CCR.  These 
additional standards prescribe minimum levee cross-sectional dimensions, construction 
material types, and compaction levels.   

These requirements form the basis of the preliminary designs described herein. 

2.3  Requirements for FEMA Certification 

For levees to be recognized by FEMA, evidence must be provided that adequate design and 
operation and maintenance systems are in place to provide reasonable assurance that protection 
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from the base flood (1-percent or 100-year flood) exists.  These requirements are outlined in the 
Code of Federal Regulations (CFR), Title 44, Volume 1, Chapter I, Section 65.10 and are 
summarized below. 

Freeboard – Riverine levees must provide a minimum freeboard of three (3) feet above the 
water-surface level of the base flood.  An additional 1 foot above the minimum is required 
within 100 feet either side of structures (such as bridges) riverward of the levee or wherever the 
flow is constricted. An additional one-half foot above the minimum at the upstream end of the 
levee, tapering to not less than the minimum at the downstream end of the levee, is also 
required. 

Closures – All openings must be provided with closure devices that are structural parts of the 
system during operation and designed according to sound engineering practice. 

Embankment Protection – Engineering analyses must be submitted that demonstrate that no 
appreciable erosion of the levee embankment can be expected during the base flood, as a result 
of either currents or waves, and that anticipated erosion will not result in failure of the levee 
embankment or foundation directly or indirectly through reduction of the seepage path and 
subsequent instability. 

Embankment and Foundation Stability – Engineering analyses that evaluate levee embankment 
stability must be submitted.  The analyses provided shall evaluate expected seepage during 
loading conditions associated with the base flood and shall demonstrate that seepage into or 
thorough the levee foundation and embankment will not jeopardize embankment or foundation 
stability. 

Settlement – Engineering analyses must be submitted that assess the potential and magnitude of 
future losses of freeboard as a result of levee settlement and demonstrate that freeboard will be 
maintained within the minimum standards. 

Interior Drainage – An analysis must be submitted that identifies the source(s) of such flooding, 
the extent of the flooded area, and, if the average depth is greater than 1 foot, the water-surface 
elevation(s) of the base flood. 

Operation Plans – For a levee system to be recognized, a formal plan of operation must be 
provided to FEMA.  All closure devices or mechanical systems for internal drainage, whether 
manual or automatic, must be operated in accordance with an officially adopted operational 
manual, a copy of which must be provided to FEMA. 

Maintenance Plans – For levee systems to be recognized as providing protection from the base 
flood, they must be maintained in accordance with an officially adopted maintenance plan.  All 
maintenance activities must be under the jurisdiction of a Federal or State agency, an agency 
created by Federal or State law, or an agency of a community participating in the NFIP that 
must assume ultimate responsibility for maintenance.  The plan must document the formal 
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procedure that ensures that the stability, height, and overall integrity of the levee and its 
associated structures and systems are maintained.  At a minimum, maintenance plans shall 
specify the maintenance activities to be performed, the frequency of their performance, and the 
person by name or title responsible for their performance. 

The information submitted to support that the levee complies with the above requirements must 
be certified by a registered professional engineer.  Certified as-built plans of the levee must also 
be submitted. 

2.4  Site-Specific Criteria 

Specific design criteria have been established for the Yuba River left bank levee improvements 
project.  Specific design criteria are listed below: 

 For groundwater seepage analyses, hydraulic conductivities will be estimated using 
material descriptions and laboratory gradation test results, along with typical values and 
correlations presented by Terzaghi and Peck (1967), Freeze and Cherry (1979), and 
NAVFAC (1986), and by using the Hazen Equation (1911): 

k = CD10
2 

where:  k = hydraulic conductivity (cm/s) 

   C = Constant (varies between 0.4 to 1.2)  

   D10 = effective grain size (where10-percent passes) 

 When designing levee modifications to control underseepage, USACE criteria will be 
used to determine maximum hydraulic exit gradients.  For an existing flood-tested 
levee, a maximum upward hydraulic exit gradient of 0.5 will be used.  When designing 
new levees on untested foundations, a maximum hydraulic exit gradient of 0.3 will be 
used. 

 For through and underseepage analyses, the design water surface profiles (200-year 
conditions) developed for RD No. 784 by MBK Engineers (2004) will be used.  Steady 
state seepage conditions will be used in the analyses. 

 In establishing the design levee crown elevation, a freeboard of 3 feet above the design 
water surface (200-year conditions) or the existing levee crown elevation profile 
(whichever was higher) was used.  An additional one foot of freeboard at channel 
crossings was not considered, as the FEMA requirement of additional freeboard is 
required above the 100-year water surface elevation only. 

 Wind and wave run-up and setup evaluations were completed considering the 100-year 
water surface elevation.  Wave run-up/setup should be contained within freeboard above 
the 100-year water surface. 
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3.  Existing Conditions 

3.1  General Levee Layout 

The location of the Yuba River left bank levee between the UPRR and Simpson Lane is shown 
on Plates 1 and 2.  As shown, the portion of the Yuba River levee that is the subject of this 
Basis of Design and subsequent repair designs extends from approximately Station 34+00 to 
Station 105+00 (PLM 0.9 to 2.2). 

The general configuration of the Yuba River left bank levee is 3 horizontal (H) and 1 vertical 
(V) waterside slopes and 2H:1V landside slopes. Crown widths are typically about 20 feet, and 
the levee crowns have gravel surfacing to provide vehicle access.  Note that crown widths 
along one reach of levee (approximately between Stations 40+00 and 50+00) are much wider 
due to the placement of wood chips along the waterside slope.  A railroad berm has been 
constructed on the landside slope of the levee.  Levee heights range between about 15 and 20 
feet.  Levee crown elevations are shown on Figure 25 in Appendix A. 

3.2  Geotechnical Evaluations 

3.2.1  Problem Identification Report 

As stated above, Kleinfelder has completed a Problem Identification Report (PIR) for the Yuba 
River left bank levee between the UPRR and Simpson Lane.  The purposes of the study were to 
investigate levee and subsurface conditions along the project reach, to evaluate whether the 
levee will meet performance requirements prescribed by FEMA guidelines, and to provide 
preliminary recommendations for levee repairs as necessary.  

Detailed descriptions of the levee and foundation soil conditions encountered and the 
geotechnical analyses performed are presented in the PIR.  The general findings of the PIR 
include the following: 

 Significant underseepage conditions that exceed USACE hydraulic exit gradient criteria 
exist along the levee.  

 Because of the sandy material that was used to construct the levee, through seepage may 
also be an issue. 

 Slope stability analyses states the levee should meet slope stability acceptance criteria if 
3H:1V waterside and 2H:1V landside slopes are maintained and through seepage is 
addressed. 

The issues identified in the PIR were analyzed further to better define the limits of the issues 
raised and develop mitigation measures to address each issue.  These analyses are discussed in 
Section 4. 
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3.2.2  Wood Chips Location and Analysis 

Kleinfelder completed a subsurface investigation between station 40+00 and 50+00 on 
4/21/2006  to further investigate the extents and composition of the reported wood chips from 
previous industrial activity. The wood chips were sampled and tested to find their chemical 
composition and to determine if any hazardous materials are present. No major chemical 
constituents were found and the lateral extents of the wood chips were mapped. The results of 
this investigation are included in Appendix B2. 

3.2.3  Seepage Berm Recommendation 

Kleinfelder completed an additional subsurface investigation from station 32+00 to 41+00 
along the levee adjacent to the Cemex Cement Plant. In this area there is a transition from a 
seepage-stability berm, completed as part of Phase 2 work, to the Soil Cement Bentonite Wall 
proposed in this Basis of Design. The existing ground surface is littered with various types of 
debris that would have to be removed . The elevation of the ground will be raised to at least 63 
feet above mean sea level in order to provide sufficient underseepage protection along this 
reach. This will be accomplished by using the same semi-pervious material used for Phase 2 to 
fill any voids and to raise the ground level to the necessary elevation. Kleinfelder’s 
recommendations are included in Appendix B3. 

3.3  Hydraulics/Hydrology 

The hydrologic and hydraulic models used in this study were developed by MBK Engineers. 
The models were used to determine the 100- and 200-year water surface elevations. The water 
surface was raised after the 30% Basis of Design report an additional 0.4 ft following further 
analysis by MBK. Results from the hydraulic analysis will be used to set the top of levee 
elevations using the 200-year water surface elevation plus 3 feet of freeboard.  The model 
results are summarized in Appendix A and discussed in the following sections.  

3.3.1  Water Surface Elevations 

3.3.1.1  100-year Analysis 
Figure 25 in the Hydraulic and Hydrologic Analysis presented in Appendix A includes a profile 
of the existing Yuba River left bank levee, with a water surface elevation profile for the 
existing condition 100-year event.  The water surface elevation ranges between 72 and 74 feet 
(NGVD). There is adequate freeboard on the Yuba River levee (PLM 0.9 to PLM 2.2) to 
provide at least 3 feet of freeboard over the 100-year event (including an additional one foot of 
freeboard near structures crossing levees) as required by FEMA.  

3.3.1.2  200-year Analysis 
Figure 25 also includes the water surface elevation profile for the existing 200-year condition.  
The water surface elevation ranges between 77 and 79.2 feet (NGVD) on the Yuba River.  
There is not adequate 3 feet freeboard on the Yuba River from the beginning of the project 
reach (34+00) to roughly station 78+00.  There is adequate 3 feet freeboard from Station 78+00 
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(PLM 0.9) to Station 106+00 (PLM 2.2), with the exception of a short reach (about 200 lineal 
feet of levee) near Station 102+00.   

3.3.2 Velocities 

Preliminary velocity data for the Yuba River was obtained from a USACE 2-D model prepared 
as part of the Yuba Basin Project, considering flows of approximately 120,000 cfs (an event 
less that the 100-year event).  Results from the 2-D hydraulic model show velocities along the 
left bank levee along the project reach ranging from about 1.0 to 2.0 feet per second. (Note that 
further analyses of channel velocities under 200-year conditions are anticipated during design.) 

The Suggested Maximum Permissible Mean Channel Velocities provided in Table 3.3-1 of EM 
1110-2-1601 (see below), assuming an unlined channel made up of primarily sandy silt, would 
be 2.0 fps.  
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Table 3.3-1 - Suggested Maximum Permissible Mean Channel Velocities 

Channel Material Mean Channel Velocity, fps 

Fine Sand 2.0 

Coarse Sand 4.0 

Fine Gravel 6.0 

Earth 
 Sandy Silt 
 Silt Clay 
 Clay 

 
2.0 
3.5 
6.0 

Grass-lined Earth (slopes less than 5%) 
Bermuda Grass 
 Sandy Silt 
 Silt Clay 

 
 

6.0 
8.0 

Kentucky Blue Grass 
 Sandy Silt 
 Silt Clay 

 
5.0 
7.0 

Poor Rock (usually sedimentary) 
 Soft Sandstone 
 Soft Shale 

10.0 
8.0 
3.5 

Good Rock (usually igneous or hard metamorphic) 20.0 

 

3.4  Interior Drainage 

The lands within the northern portion of RD No. 784 along the Yuba River levee are generally 
commercial and residential.  Drainage within the residential neighborhood adjacent to the 
project reach of the Yuba River levee is maintained by a city storm drain system.  The 
remaining commercial and open spaces appear to be drained either by drainage ditches that 
generally carry water to the south or by storm drains. The anticipated design for levee repairs 
along the project reach (a cutoff wall contained within the existing levee prism) should not 
influence the drainage path in the areas south of the Yuba River levee.   

The Standard Operation and Maintenance Manual for the Sacramento River Flood Control 
Project was reviewed to determine if any drainage features exist through the Yuba River levee 
between the UPRR and Simpson Lane.  There are no through-levee drainage crossings 
documented within the project reach. 
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4.  Alternatives Analysis 

4.1  Geotechnical Alternatives Assessment and Test Trenches 

4.1.1  Problem Identification Report Recommendations 

Alternative levee repair options have been developed for the issues previously identified in the 
PIR.  A summary of the mitigation options necessary to address the geotechnical issues is 
presented in Section 4.3. 

As described in Section 1, the locations at which levee improvements were required to meet 
USACE criteria were determined considering both 100-year and 200-year flood conditions.  
However, the geotechnical analysis showed that the location and limits of levee strengthening 
improvements were dependent on subsurface stratigraphy features (e.g., the presence of sand 
and gravel layers) rather than water surface elevations.  The levee strengthening improvements 
described herein are therefore required and sufficient for both 100-year and 200-year flood 
conditions. 

Subsurface soil conditions and levee embankment materials are described in the PIR for the 
project levee reach.  The PIR indicates that underseepage conditions between the UPRR and 
Simpson Lane do not meet USACE criteria.  To address the potential for underseepage and 
levee through-seepage, the following mitigation options are presented: 

 Seepage Cutoff Barrier (Slurry Wall, Jet Grouting, Deep Soil Mix Wall, Drilled Secant 
Pile Wall, Steel Sheet Piles or Shored/Backfilled Excavation). 

 Relief Wells 

 Seepage Berm (300 to 400 feet wide, landside or waterside (associated with a set forward 
levee) 

All levee strengthening repairs were designed to accommodate 200-year flood levels.  The 
recommended seepage mitigation is a cutoff wall ranging in depth from about 70 to 80 feet 
below the existing levee. 

4.1.2  Test Trenches to Evaluate Slurry Wall Construction 

The constructability of a conventional slurry cutoff wall was of concern due to the presence of 
clean, cohesionless sands, gravels and cobbles within the levee foundation.  The PIR 
recommended that a test section be completed to verify that a conventional slurry wall could be 
constructed.   

As part of this Alternatives Analysis, test trenches were completed in November 2005 at three 
locations along the project levee reach, approximately 150 feet off the levee waterside toe.  The 
results of these test excavations are presented the Kleinfelder report "Results of Test Trench 
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Excavations, TRLIA Phase 2B, Yuba River South (Left) Bank Levee, Yuba County, California, 
December 28, 2005", which is included as Appendix B1.  

Based on the field test, it was determined that: 

 The foundation gravels and cobbles could be penetrated by standard excavation 
equipment to the required depths. 

 Excessive caving of the gravels and cobbles was not observed.  

 Excessive loss into the surrounding formation of bentonite slurry, used to maintain 
trench stability, was not observed. 

 The excavated gravels and cobbles could not be mixed with cement and bentonite to 
create suitable cutoff wall material; i.e., imported material will be required to construct 
the cutoff wall.   

Details of the test trench procedures and results are presented in Appendix B1.  Additional 
geotechnical analyses will be completed as part of design to further refine the seepage cutoff 
wall analyses, verify end conditions and provide detailed design recommendations.  The 
findings are presented in Appendix B2. 

4.1.3  Alternatives Evaluated 

During project team meetings, it was decided that the two alternatives that should be evaluated 
are (1) a cutoff wall constructed through the levee crown, and (2) a cutoff wall constructed at 
the levee waterside toe plus a waterside slope low-permeability zone.  Soil-cement-bentonite 
(SCB) walls were considered in the design.  A soil-bentonite (SB) slurry wall at the waterside 
levee toe was ruled out due to concerns about (1) settlement of the SB wall and subsequent 
surface deformation at the levee toe, (2) the potential for the soil-bentonite to squeeze into the 
coarse gravel/cobble formation over time, and (3) the potential for collapse of the wider SB 
slurry trench and failure of the excavated levee during construction. 

Other alternatives were considered but ruled out early in the decision making process.  A 
seepage berm constructed on the landside of the levee would have too great an impact on the 
residential development and too high a cost.  Agency approval for a set forward levee and 
seepage berm would be difficult and time consuming considering that it would narrow the 
Yuba River floodway and would require re-designation of a USACE project levee.  Relief wells 
would be prohibitively expensive considering the landside land required for construction, the 
number of wells and pump stations that would be required to effectively control seepage, high 
discharge quantities and on-going operations and maintenance costs. 
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4.2  Hydraulic Analyses 

4.2.1  Levee Freeboard 

As discussed in Section 3, the levee has adequate freeboard over the 100-year water surface 
elevation between the UPRR and Simpson Lane (meeting FEMA criteria). Under 200-year 
conditions, much of the levee has inadequate freeboard. Along the project reach, raises ranging 
from 0.35 to 0.50 feet will be needed. These raises will be completed on the waterside slope 
and crown, due to space limitations on the landside (e.g., the railroad spur and the residential 
development).   

The location of the levee raise required for the Yuba River is summarized in the table below.  
The lateral and vertical extent of this levee raise will be confirmed during design. 

Table 4.2-1 - Yuba River Levee Raise 

Station Interval Levee Raise 

34+00 to 48+00 0.4 feet (average) 

50+00 to 56+00 0.5 feet (average) 

59+00 to 78+00 0.5 feet (average) 

102+00 to 104+00 0.35 feet (average) 

 

4.2.2  Wind-Generated Waves 

In establishing the design levee profile, wave runup and wind setup was evaluated considering 
a 100-year water surface on the Yuba River.  Wave runup is defined as the vertical height 
above the still water level which water from a wave will run up the face of a structure (Shore 
Protection Manual, 2002).  

The Central Valley, with its southeast-northwest orientation, has stronger winds coming from 
the north, south, and southeast.  Winds acting on the Yuba River levee between the UPRR and 
Simpson Lane would have the greatest impact blowing from the north. Wind data was gathered 
from the gage at Sacramento Executive Airport for the period of record 1950-1986.  An 
average fetch distance of 1.54 miles and average river depths under 100-year conditions were 
used.   

Wave run-up and wind setup on the 100-year water surface elevation on a smooth grassy slope 
was calculated to be approximately 4.4 feet.  These preliminary calculations indicate that waves 
should be contained within the freeboard above the 100-year water surface.   

As described in Section 2, the design criterion for this levee repair project is that wave run-
up/setup should be contained within freeboard above the 100-year water surface.  However, 
200-year conditions were also considered.  A similar magnitude wave run-up and wind setup 
was estimated the 200-year water surface (i.e., about 4 ½ feet).  Calculations indicate that 
waves would not be contained within the three feet of freeboard above the 200-year water 
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surface.  Under such conditions, some erosion and overtopping of the levee crown could occur.  
Levee maintenance staff and flood fighting personnel should monitor this reach during such 
elevated flood levels, and any erosion of the crown due to wave action should be repaired as 
needed. 

4.2.3  Levee Erosion Potential and Channel Velocity 

As described in Section 2, for a levee to be certified by FEMA as providing a 100-year level of 
protection, the levee must be shown to satisfy several criteria, including embankment 
protection. Protection for the waterside slope of the levees will vary depending on various 
conditions as described in EM 1110-2-1913.  Factors that will have an impact on the levee 
stability due to currents include:   

 The flow velocity adjacent to the bank and/or levee face 

 The length of time that floodwaters are expected to act against a levee 

 The relative susceptibility of the embankment materials to erosion 

Several indicators can be used to determine if a site is susceptible to erosion.  These include: 

 The current condition of the levee (i.e. is the site free of existing erosion?) 

 The historical record available (i.e. are there records that indicate that the site 
experienced historical flood flows?) 

 The sinuosity of the channel (i.e. is the reach free of significant meanders?) 

 The uniformity of the channel (i.e. is the reach free of significant changes in channel 
cross-section or distance between levees?) 

 Flow variations in the channel (i.e. is the reach free of major confluences?) 

Depending on these potential indicators, a determination can be made as to the need for 
additional analysis (simple or detailed).  

As discussed in Section 3, results from the 2-D hydraulic model show velocities along the left 
bank levee of the Yuba River levee between the UPRR and Simpson Lane range from about 1.0 
to 2.0 feet per second (fps).   The suggested maximum permissible mean channel velocity 
provided by USACE for a sandy levee is 2.0 fps. Therefore, levee slope erosion protection due 
to channel velocity is not required.  In addition, erosion sites along this segment of the Yuba 
River levee have not been indicated in the reports reviewed. 

4.3  Alternatives for Yuba River Left Bank Levee Improvements 

This section presents a brief summary of the levee repairs between the UPRR and Simpson 
Lane that are necessary for 200-year flood protection.  Based on the evaluations described 
above, levee repairs are needed to address underseepage, through seepage, and freeboard issues 
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at various locations along the project levee.  The levee stations at which these repairs are 
needed are summarized in Table 4.3-1, and a brief discussion of alternative levee mitigation 
techniques is presented below.   

Table 4.3-1 –Levee Repair Alternatives 

LEVEE STATION INTERVAL ISSUE LEVEE IMPROVEMENT 

      Yuba  River 

35+00 to 105+00 
Underseepage 
and through 
seepage 

SCB cutoff wall 80 feet deep constructed from 
the levee crown  

OR 

SCB cutoff wall constructed at the waterside 
toe to the same bottom elevation plus an 
impervious zone on the waterside slope.  

34+00 to 39+50 
Underseepage 
and through 
seepage 

Corner seepage berm at UPRR to address end 
effects. 

34+00 to 78+00 Freeboard 
Raise levee 0.35 to 0.50 feet (average) - 
waterside slope and crown 

 

4.3.1  Underseepage 

To address the issues of potential underseepage, two alternatives were considered: 1) an SCB 
cutoff wall constructed through the levee crown and 2) an SCB cutoff wall constructed at the 
waterside toe.  Both walls will create a low permeability barrier to help control underseepage 
and associated hydraulic exit gradients, associated boils and piping during flood conditions. 
The location of the cutoff wall and typical details of the wall configurations are shown on 
Plates 1 to 3. 

In addition, it is anticipated that a corner seepage berm will be required on the landside of the 
Yuba River levee at the UPRR.  The location of the seepage berm and a typical cross-section is 
shown on Plates 1 and 3.  This berm will continue the berm that is currently under construction 
between Shad Pad Road and the UPRR, and will interface with and address potential end 
effects at the end of the proposed cutoff wall.   

4.3.2  Through-Seepage 

Through-seepage is considered to be an issue along the Yuba River levee due to the sandy 
composition of the levee embankment. To address through seepage in this area, a 10-foot wide 
low permeability clay blanket will be in installed on the waterside slope if a waterside toe 
cutoff wall is used.  If a cutoff wall is constructed through the levee crown (with the associated 
clay cap), the wall itself should control through levee seepage.   Typical details are shown on 
Plate 3. 
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4.4  Environmental Considerations 

We have completed a preliminary environmental constraints analysis for the anticipated levee 
improvements that have been proposed for the Yuba River levee between the UPRR and 
Simpson Lane, which is presented in Appendix C.  The anticipated project actions are 
described (including the cutoff wall and corner seepage berm) and potential environmental 
impacts are presented.  Once project alternatives have been chosen, documents and permit 
applications will be prepared for California Environmental Quality Act Compliance and other 
agency requirements as noted.   

4.5  Utility Considerations 

A general assessment of the utilities that exist near the Yuba River levee between the UPRR 
and Simpson Lane has been conducted and preliminary findings are described below.  A 
detailed evaluation of existing utilities will be performed during design. 

Power Distribution Lines:  Overhead power lines exist east of the UPRR.  Two of the power 
poles are within the corner seepage berm footprint.  During design, relocation of these poles 
will have to be evaluated (as typically required by USACE).  Modifications of the power pole 
foundation to meet USACE requirements for seepage control in this area will be considered if 
pole removal is not feasible.  An overhead crossed the levee near station 78+00 and station 
101+50 (Simpson Lane) and may cause issues with construction of the slurry wall. 

Telephone Lines:  There is an SBC/AT&T overhead line that crosses over the levee near 
station 104+00 and may cause issues with the construction of the slurry wall at this point.  A 
Sprint underground fiber optic line follows Simpson Lane, through the levee, and returns to an 
overhead near station 104+00. 

Gas Lines:  A PG&E gas line crosses the levee beneath Simpson Lane. It is possible this line 
will be abandoned in order to make construction of the slurry wall more feasible. 

Water and Sewer Lines:  During contact with Yuba County, it was determined that water or 
sewer lines do not exist along the project reach, including at the crossing of Simpson Lane.  . 

Communication Lines:  A Comcast fiber optic line crosses the levee along Simpson Lane, 
parallel to the SBC line. This utility cannot be disrupted and must be protected in place during 
construction. Qwest has a communications line within the 50 foot UPRR right of way at the 
western end of the project reach. This line will not be interfered with during construction and 
should not be an issue. 

Railroad Spur:  Over most of the project area, it is not anticipated that the railroad spur on the 
landside slope of the levee will be disturbed by earthwork operations.  However, the spur tie in 
to the main rail line may have to be removed and replaced for construction of the cutoff wall. 
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4.6  Real Estate Acquisition Considerations 

Real estate will have to be acquired on the landside of the Yuba River levee at the UPRR to 
construct the corner seepage berm.  This area is currently used as a concrete processing facility.  
For this area, typical land values for commercial property of $200,000 per acre (as obtained 
from Bender-Rosenthal, Inc., the real-estate consultant for TRLIA) have been used for cost 
estimating purposes.  Negotiation with the current land owner will be required to obtain a 
permanent easement, but preliminary indications are that the corner berm should not 
significantly affect plant operations, as the footprint area is currently vacant. 

To construct a cutoff wall along the levee crown just east of the UPRR, a portion of the railroad 
spur owned by Western Aggregate may have to be temporarily removed for construction and 
then replaced.  The access rights to the railroad spur area for levee repair are unknown at this 
time, but will be evaluated during design.  Costs associated with the railroad spur access have 
not been included in the cost estimates. 

Real estate will have to be acquired on the waterside of the Yuba River levee approximately 
between Stations 34+00 and 78+00 to construct the levee raise.  Note that the levee waterside 
toe will move outward only about 2.0 feet for a 0.4 foot crown raise.  As a result, the amount of 
land to be acquired should be relatively small.  This area is currently used as agricultural land 
(previously as orchards, but is now not planted).  For this area, typical land values for 
agricultural property of $15,000 per acre (as obtained from Bender-Rosenthal, Inc.) have been 
used for cost estimating purposes.    

4.7  Construction Considerations 

4.7.1  Construction Schedule 

Per the proposed accelerated project schedule, the final plans and specifications will be 
prepared and ready to advertise (RTA) by May 2006.  Following bid review and contract 
award, the Notice to Proceed is anticipated around July 1, 2006.  Construction of levee repairs 
between the UPRR and Simpson Lane should be completed by November 1, 2006.  It is 
anticipated that construction work would be limited to the hours between 6:00 a.m. and 7:00 
p.m., Monday through Saturday, to minimize noise and other impacts to nearby residents.  Note 
that remaining levee repairs for the Yuba River levee will be completed in 2007.  The second 
construction season may occur between June 1 and November 1, 2007.    

4.7.2  Borrow Sources 

It is anticipated that much of the borrow for the cutoff wall construction, levee raising, and 
seepage berm construction will have to be imported from an off-site borrow source.  The 
quantities anticipated for import for each item are shown in our feasibility-level cost estimate.  
The potential use of other borrow sources, including those located within RD No. 784, will be 
evaluated during preliminary design. 
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4.7.3  Staging Areas and Access 

The temporary use of agricultural fields may be needed during construction to store equipment 
and materials and access the levee.  An access road along the entire levee at the waterside toe is 
anticipated.  It is likely the contractor may desire to establish a staging area north of the levee 
near Simpson Lane.  Temporary ramps may be constructed on the waterside slope of the levee 
to provide access to work areas as needed by the contractor. 

4.7.4  Contractor Value Engineering Proposals 

While the focus of our design for this project will be the proposed levee improvements 
described herein, the project team should be open to any Value Engineering proposals 
presented by the contractor.  Innovative approaches that meet the design goals, satisfy 
concerned agencies (including The Reclamation Board and USACE), can be completed within 
the schedule constraints and offer cost savings to TRLIA could be considered if time permits.  
A value-engineering clause could be incorporated into the General Conditions as part of the 
contract specifications. 
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5.  Preferred Alternative 

5.1  Discussion 

HDR's preliminary recommendation was that Alternative 1, the cutoff wall constructed through 
the levee crown, be designated as the preferred alternative that will be developed further during 
design.  Both alternatives would meet the geotechnical and hydraulic performance requirements 
for levee repairs described herein (i.e., both would provide adequate through seepage, 
underseepage and freeboard protection under 200-year flood conditions).  Both alternatives 
have similar real estate, utility and construction considerations.  However, there is significant 
uncertainty of the environmental, cost and schedule implications associated with the wood chip 
waste that would have to be addressed as part of Alternative 2.  The cost of dealing with the 
wood chips could be greater than the difference in costs shown in the preliminary estimates, 
and the impacts on schedule could prevent this phase of the project from being completed by 
November 1, 2006.   

5.2  Check Point Meeting 

At the project Check Point meeting on February 1, 2006, the alternatives for levee repairs 
between the UPRR and Simpson Lane were presented to TRLIA, project team members and 
stakeholders.  Following a discussion of the merits of each alternative, the project team selected 
Alternative 1 as the preferred alternative that will be carried into design. 

5.3  Summary of Preferred Alternative 

Based on the hydraulic and geotechnical evaluations of the existing Yuba River levee between 
the UPRR and Simpson Lane, levee repairs are required to address seepage, and freeboard 
issues. The design team will develop construction contract documents (plans and 
specifications) along with cost estimates for the following: 

Table 6-1 – Recommended Levee Repairs, Yuba River Left Bank Levee 

LEVEE STATION INTERVAL ISSUE LEVEE IMPROVEMENT 

      Yuba  River 

34+00 to 105+00 
Underseepage 
and through 
seepage 

SCB cutoff Wall 80 feet deep constructed 
through the levee crown  

34+00 to 39+50 
Underseepage 
and through 
seepage 

Corner seepage berm at UPRR to address end 
effects. 

34+00 to 78+00 Freeboard Raise levee 0.4 feet (average) - waterside 
slope and crown 
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6.  Cost Estimates 

6.1  Background 

A cost estimate (based on the 90 percent design) has been prepared for the recommended levee 
repairs.  The cost estimate was developed from prevailing costs of construction, material 
acquisition, and evaluation of the major construction items necessary to complete the work.  
The cost estimate is based on the preliminary design for the preferred alternative presented in 
Section 5 and is anticipated to change as the project progresses through to final design.  
Quantities and applicable construction items were developed from the 90 percent design.  A 
description of each line item in the cost estimate is provided in the following section.   

Contingency costs were calculated for each line item.  The contingency percentages were based 
on the certainty of the cost of the task.  Contingency costs include items such as uncertainty in 
cost, changes in construction during the refinement of the design, permitting, supplemental 
items that are not included in this part of the design, and unforeseen items that may come up 
during the final design.  The contingency is anticipated to decrease and finally equal zero as the 
project proceeds through to final design. 

6.2  Line Item Description  

Mobilization/Demobilization – This item covers the cost of transporting heavy construction 
equipment to and from the site and acquiring, installing, and removing any temporary 
construction facilities.  Assumed to be 5 percent of total construction costs. 

Care and Control of Water – Temporary erosion control will include temporary erosion and 
sediment controls for landside and waterside, and preparation of a storm water pollution 
protection plan. 

Stripping of Levee – This item includes the cost for stripping the embankment and seepage 
berm areas.  The depth of stripping was assumed to be 6 inches. 

Excavation – This item includes all excavation required for work to be completed.  Cutoff wall 
excavations are not included under this item.  The excavation includes the six foot degrade for 
Alternative 1, along with the 8.5 foot wide excavation of the existing waterside slope face 
required for the 4,500 foot levee raise section. 

Levee Raise, Import Select – This item includes select borrow materials that are anticipated to 
be hauled in from off-site sources for the crown raise.   

Clay Cap– This item includes clay borrow material anticipated to be hauled in from off-site 
sources for the slurry wall clay cap in Alternative 1. 

Levee Replacement, Reused Material – This item includes all of the material that will be 
excavated from the levee, stockpiled, and used to re-construct the levee. 
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Class 2 Aggregate Base – Aggregate base will be purchased from a local supplier for use on the 
levee access road.  The cost includes purchase, transport, and placement for Alternative 1.  

Soil Cement Bentonite Cutoff Wall – This item includes the cost for installing the slurry wall 
described in the preliminary design.  The cost is based on recent projects completed in the 
Sacramento area and on the Yuba River. 

Import Fill for Cutoff Wall – This item includes the cost for importing fill to be used in the 
SCB mix where the gravels and cobbles were removed for the slurry wall mix.  Material from 
the degraded levee may also be used for the SCB mix. 

Haul and Disposal of Cutoff Wall Gravels – This item includes the cost for hauling and 
disposing the gravels found in the cutoff wall excavation, which can not be mixed with the 
wall. 

Remove Excess Levee Material – This includes the cost for removing and hauling away the 
excess levee material from the excavation. 

Revegetation – The levees will be seeded with a grass cover once construction is complete. 

 

6.3  Project Costs 

The 90 percent design-level cost estimate spreadsheet for the preferred alternative is presented 
in Appendix D.  As shown, the total project cost (including construction, land acquisition, 
mitigation, design and construction management) for a cutoff wall through the levee crown 
between the UPRR and Simpson Lane is estimated to be $15,066,000.   
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7.  Outstanding Design Items 

As the Phase 4 levee repair project moves into design, it is recognized that there are a number of 
outstanding analyses and design issues that are still to be addressed.  Some of these design issues are 
listed below.   

 The design team will work with USACE and the power company responsible for the 
power poles adjacent to the UPRR (and in the proposed seepage berm) to determine 
whether the poles can be removed or modifications are required at the poles. 

 A two-dimensional model for 200-year water surface conditions is needed to better 
evaluate erosion potential of the waterside levee slope along the project reach. 

 The design team will work with Comcast, Sprint, PG & E, and SBC/AT&T to ensure 
existing utility facilities near Simpson Lane will not be adversely affected by the 
construction of the slurry wall. Permitting concerns are being addressed to investigate 
which utilities have legal clearance to pass through the levee. 

After additional information is collected and analyses are completed, this Basis of Design report will be 
updated as the design progresses and these are addressed. 
























































































































































































































































































































