
DRAFT Design Documentation Report 
Phase 4 Yuba River South Levee Waterside Levee Slope Flattening Project 

Three Rivers Levee Improvement Authority i 
Phase 4 Yuba River South Levee Waterside Levee Slope Flattening Project 
C:\PWworking\SAC\d0131519\Yuba River Draft BODR 06_19_2009_Client Submittal.doc June 19, 2009 

Contents 

1.0 Introduction ........................................................................................................................... 1 
1.1 Report Overview ................................................................................................................................. 1 
1.2 Basin Description ................................................................................................................................ 1 

2.0 Existing Conditions .............................................................................................................. 2 

3.0 Project Description ............................................................................................................... 3 

4.0 Survey .................................................................................................................................... 4 

5.0 Real Estate ............................................................................................................................. 5 

6.0 Civil Design Criteria .............................................................................................................. 6 

7.0 Levee Design Criteria ......................................................................................................... 10 
7.1 Overview of Relevant Documents .................................................................................................... 10 

7.1.1 Federal Emergency Management Agency (FEMA) Standards ................................................. 10 
7.1.2 USACE Standards ..................................................................................................................... 10 
7.1.3 State of California Standards .................................................................................................... 10 

7.2 General Levee Geometry ................................................................................................................. 10 
7.3 Geotechnical Criteria ........................................................................................................................ 11 

7.3.1 Slope Stability ............................................................................................................................ 11 
7.3.2 Embankment Material ............................................................................................................... 11 

8.0 Levee Hydraulic Considerations ....................................................................................... 12 

9.0 Levee Geotechnical Design ............................................................................................... 13 
9.1 Slope Stability ................................................................................................................................... 13 

9.1.1 Strength Parameters ................................................................................................................. 13 
9.1.2 Loading Cases .......................................................................................................................... 13 
9.1.3 Existing Conditions .................................................................................................................... 14 
9.1.4 Results of Analysis .................................................................................................................... 14 
9.1.5 Supplemental Analysis .............................................................................................................. 14 

9.2 Imported Material Requirements ...................................................................................................... 15 
9.3 Field Compaction and Moisture Control ........................................................................................... 15 

10.0 References ......................................................................................................................... 16 

 

Tables 
Table 1. Existing Waterside Levee Slopes ................................................................................................... 9 
Table 2. Results of Stability Analysis .......................................................................................................... 14 
Table 3. Critical Factors of Safety ............................................................................................................... 15 
 



DRAFT Design Documentation Report 
Phase 4 Yuba River South Levee Waterside Levee Slope Flattening Project 

Three Rivers Levee Improvement Authority ii 
Phase 4 Yuba River South Levee Waterside Levee Slope Flattening Project 
C:\PWworking\SAC\d0131519\Yuba River Draft BODR 06_19_2009_Client Submittal.doc June 19, 2009 

Figures 
Figure 1 Location Map 

Figure 2 Typical Construction Cross Section 

Figure 3 Rapid Drawdown (100 Year) with Existing Conditions at Station 20+00 

Figure 4 Rapid Drawdown (200 Year) with Existing Conditions at Station 20+00 

Figure 5 SLOPE/W Model Results - During Construction Loading Case at Station 20+00 

Figure 6 UTexax4 Model Results - During Construction Loading Case at Station 20+00 

Figure 7 SLOPE/W Model Results - End of Construction Loading Case at Station 20+00 

Figure 8 UTexax4 Model Results - End of Construction Loading Case at Station 20+00 

Figure 9 SLOPE/W Model Results - Rapid Drawdown (100 Year) Loading Case at Station 20+00 

Figure 10 UTexax4 Model Results - Rapid Drawdown (100 Year) Loading Case at Station 20+00 

Figure 11 SLOPE/W Model Results - Rapid Drawdown (200 Year) Loading Case at Station 20+00 

Figure 12 UTexax4 Model Results - Rapid Drawdown (200 Year) Loading Case at Station 20+00 

Figure 13 SLOPE/W Model Results - Rapid Drawdown (200 Year) Loading Case at Station 12+50 

Figure 14 Temporary Construction Easement Plat 

Plates 
Plate 1 RD784 Basin Map 

 

Appendices 
Appendix A Quantities 

Appendix B  Hydraulic and Hydrologic Analysis for Yuba River Patrol Road Levee Project, December 
2008.  Prepared by MBK Engineers 

Appendix C Supplement No. 2 Geotechnical Design Memorandum (GDM) (Kleinfelder 2006) 

Appendix D Real Estate 

 



DRAFT Design Documentation Report 
Phase 4 Yuba River South Levee Waterside Levee Slope Flattening Project 

Three Rivers Levee Improvement Authority 1 
Phase 4 Yuba River South Levee Waterside Levee Slope Flattening Project 
C:\PWworking\SAC\d0131519\Yuba River Draft BODR 06_19_2009_Client Submittal.doc June 19, 2009 

1.0 Introduction 

1.1 Report Overview 

This Design Documentation Report (DDR) serves to summarize design activities and 
calculations for the Phase 4A, Yuba River South Levee Slope Flattening Project. This report 
provides a detailed analysis of the design process, calculations, and coordination related to the 
proposed design. It is also intended to identify issues that occurred during the design process 
and how these issues were solved.  

1.2 Basin Description 

The Three Rivers Levee Improvement Authority (TRLIA) has undertaken a comprehensive 
levee improvement program of the levees surrounding Reclamation District 784 (RD 784), 
located in Yuba County, California. See Figure 1 for the location of RD 784.  

RD 784 is comprised of approximately 30 miles of levees originally authorized as part of the 
Sacramento River Flood Control Project. RD 784 is bounded to the north by the Yuba River 
South Levee (YRSL), to the south by the Bear River North Levee (BRNL), to the west by the 
Feather River Left Bank levee (FRLB) and to the east by the Western Pacific Interceptor Canal 
western levee (WPIC). These levees are broken down into 4 maintenance units for RD 784. 
Unit 1 includes the YRLB, Unit 2 includes the FRLB, Unit 3 includes the BRNL and Unit 4 
includes the WPIC. A basin location map that shows all the levee work completed or planned 
for the completion under the TRLIA levee repairs project is included in Plate 1.  

The levees surrounding RD 784 have historically performed poorly during flood events. Some 
levees were constructed by farmers and other landowners, resulting in levees that did not meet 
design criteria and subsequently failed during times of high water.  From 1920 to 1964 the 
United States Army Corps of Engineers (USACE) took control of the levee system and 
constructed upgrades, either through reconstruction of existing levees or construction of new 
setback levees. Once the levees were built to a satisfactory standard, the USACE returned 
control to the State, who in turn assigned the maintenance duties to RD 784. The construction 
of two reservoirs, Oroville and New Bullards Bar, helped alleviate the threat of high water to 
the RD 784 levee system. Even with these improvements, the levees still failed along the Yuba 
River in 1986 and the Feather River in 1997. Both breaches resulted in Federal emergency 
assistance, expanded authorizations, and appropriations for the USACE to assist the State of 
California and RD 784 with additional levee strengthening.  

RD 784 was established in May 1908, and operates under the authority of the State of 
California’s Central Valley Flood Protection Board and the Department of Water Resources. 
RD784 covers approximately 29,000 acres including 37 miles of levees, more than 40 miles of 
internal drainage canals, and nine pumping stations.  
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2.0  Existing Conditions 

This report describes the conditions and the proposed repairs of the YRSL from station 3+00 to 33+50 
(PLM 03 to 0.9).  

Subsequent to the 1997 flood, it was determined that the YRSL in the reach between Highway 
70 and the Union Pacific Railroad (PLM 0.3 to 0.9) required remediation to enhance levee 
stability and reduce through and under seepage. A fast-track project was implemented to 
construct a slurry cutoff wall along the YRLB during the summer of 2004. This fast-track 
project became Phase 1; and, the remainder of the analysis along the YRLB, BRNL, and WPIC 
became Phase 2. Flood protection improvements recommended under Phase 1 of the levee 
improvement project were constructed through Contract No. CON0005206. This contract 
consisted of a slurry cutoff wall installed in the left bank of the Yuba River from Station 4+00 
to 26+00 to an average depth of 50 feet. The basis of design for this cutoff wall is included in 
the Basis of Design Report for Phase 2. Construction of the 2,200 foot long cutoff wall was 
completed in November 2004. 

The Phase 2 project included a 90-foot-wide seepage berm from Stations 9+00 to 26+00. The berm 
expanded to 300-feet wide from Stations 26+00 to 32+00 and included a stability berm built on the 
levee slope. The Basis of Design Report was completed by HDR and construction commenced in 
August 2005. Seepage berm construction and levee restoration were completed by November 2006. 

The Phase 2 project also included a 90-foot-wide seepage berm from Stations 9+00 to 26+00. 
The berm expanded to 300-feet wide from Stations 26+00 to 32+00 and included a stability 
berm built on the levee slope. The Basis of Design Report was completed by HDR and 
construction commenced in August 2005. Seepage berm construction and levee restoration 
were completed by November 2006. 

During construction of the remediation project (slurry walls and seepage berms), it was noted 
that the waterside slope of the levee was steeper than 3 horizontal to 1 vertical in several 
locations while other sections where flatter than 3 to 1. Waterside levee slopes equal to or 
flatter than 3 to 1 are currently desired by the State of California Central Valley Flood 
Protection Board (CVFPB) and the USACE Sacramento District. 

Utility investigations were performed to identify underground and overhead utilities in the 
project reach: 

 An underground AT&T cable , unknown depth, located at approximately STA 6+26 

 An underground AT&T cable , unknown depth, located at approximately STA 13+64 

 A high power gas line located near the eastern end of the project, at approximately STA 33+00  

 An overhead power line leading to a well located at approximately STA 29+35. 

It is thought that some of the underground utilities from STA 6+26 to 13+64 do not exist.  The 
cutoff wall in the Phase 1 project would have eliminated these utilities. 
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3.0 Project Description 

Current CVFPB and USACE criteria requires levees providing protection to urban areas to 
have 3 to 1 waterside slopes. To comply with this standard, it is proposed that the sections of 
waterside levee slopes that are currently steeper than 3 to 1 in this reach to be modified to meet 
the current standard. Material similar to that comprising the existing levee section will be used 
to reshape the slopes requiring modification. The reshaped levee slopes will be appropriately 
keyed into the existing body of the levee. An erosion resistant mulch containing grass seed will 
be sprayed over the reshaped levee slopes. The levee slope flattening project will stretch over 
approximately 1,300 feet of the total reach.  
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4.0 Survey 

MHM provided surveying services to map the YRSL beginning at the intersection of Highway 
70 and extending east to the intersection with the Union Pacific Railroad (UPRR). The mapping 
depicts surface contours beginning just below the landside hinge point and continues toward the 
waterside with elevations of the levee centerline, waterside hinge point, multiple point 
measurements on the waterside slope, waterside toe and multiple point measurements 
extending 100 feet beyond the waterside toe. Existing surface features including vegetation and 
utilities were also surveyed. 

The topography also defines all levee access ramps and any visual changes noted on the 
waterside slope. MHM developed a digital terrain model (DTM) defining all break points 
necessary to prepare a topographic drawing at a final horizontal scale of 1” = 40’ having a 
contour interval of 1.0 feet. All surveys are referenced to the North American Datum of 1983 
(NAD83) for horizontal control and the National Geodetic Vertical Datum of 1929 (NGVD29) 
for vertical control. Monuments used for the survey to obtain the above referenced data are 
identified on the design drawings. 

This survey was digitally transmitted to HDR on March 20, 2009. The surface tin from this 
survey was used to create the levee profile and cross sections that are shown on the design 
drawings.  
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6.0 Civil Design Criteria 

Current DWR criteria requires levees providing protection to urban areas to have 3 to 1 (H:V) 
waterside slopes. To comply with this standard, the sections of waterside levee slopes that are 
currently steeper than 3 to 1 in this reach will be modified to meet the current standard. Using 
the most recent topographic survey, a digital terrain model was developed and cross sections of 
the existing levee surface were created using CADD. A proposed levee surface based on 3 to 1 
waterside levee slopes was superimposed over the existing ground cross sections for 
comparison. The alignment and a typical cross section detail from the TRLIA Phase 4 record 
drawings was used to model the approximate location of the existing cutoff wall.    

Cross sections of the existing levee were cut every 50 feet to analyze the waterside slope.  
Table 1 depicts levee stationing and existing waterside slopes. The waterside slopes listed are 
the steepest slopes within each cross section, disregarding any small slope changes shorter than 
15 feet, measured along the levee slope. 

After analysis, it was determined that from STA 5+00 to STA 24+50 and from STA 28+50 to 
STA 31+00 the existing levee surface was predominantly steeper than 3 to 1, thus requiring 
levee rehabilitation. From approximately STA 12+00 to 14+00 there is an existing private road 
(Shadpad Road) that traverses the waterside levee slope. In order to accommodate the road, an 
additional fill was constructed down the waterside levee slope. This fill acts as a stability berm 
providing increased stability to the levee. Shadpad Road provides access to an existing 
recreational park located to the north of the levee.  In order to maintain access to this 
recreational park, construction work is not proposed from STA 12+00 to 14+00. A stability 
analysis was performed for this section, modeling the road as a stability berm, to insure that the 
existing levee slopes are sufficiently stable for rapid drawdown. A summary of this analysis is 
included in Section 9.   

A portion of Shadpad Road lies on the levee crown. In order to accommodate rehabilitation 
construction from STA 5+00 to STA 12+00, Shadpad Road will be sawcut, 3 feet from levee 
centerline, and the northern 7 feet removed to accommodate levee rehabilitation from STA 
5+00 to STA 12+00. This will allow for benching and compaction of the new levee 
embankment material. After the levee is reconstructed to the design levee height (top of levee), 
the roadway will be repaired and replaced in kind with 4 inches asphalt concrete over 6 inches 
aggregate base.  

6.1 Quantity Calculations 

A bid schedule was prepared for this project. The methods used to estimate the bid schedule 
quantities are outlined in this section. An average end area approach was used to calculate 
project volumes. A list of quantities and calculation sheets are attached in Appendix A. 
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6.1.1 Levee Geometry  

The Yuba River South Levee is approximately 20 feet tall with a crown width of 20 feet on 
average. Embankment slopes are approximately 3 to 1 (H:V), the levee side slopes are 
approximately 63 feet in length. Levee slope flattening is proposed within the following 
stations, 5+00 to 12+00, 14+00 to 24+50, and 28+50 to 31+00 for a total length of 
approximately 2,000 linear feet.   

Within the project limits, the Yuba River South Levee has a crown centerline height of 
approximately 80.8 (NGVD29) on average. There are three general areas where the levee 
crown height deviates from the normal. These deviations occur from STA 18+41 to STA 19+65 
and from STA 26+17 to STA 30+12 where the levee crown dips below the average, and from 
STA 19+65 to STA 26+17 where the levee crown is approximately 1 foot higher than average.  
This project will remedy these inconsistencies by lowering the levee crown where it is too high 
and raising the levee where it is too low to maintain the average levee height. See Appendix A 
for these quantities. 

6.1.2 Clearing & Grubbing / Stripping / Revegetaton 

Areas to receive Stripping, Clearing & Grubbing, and Revegetation are each equal to each other 
and are quantified in acres. This area was determined by multiplying the levee embankment 
length (63 feet) by the length of levee requiring slope flattening (2,000 feet) for a total area of 
126,000 ft2 or 2.9 Acres. See Appendix A for these quantities. 

6.1.3 Excavate Levee Slope 

 The volume of excavation was determined by the average end area method. Areas were 
determined from cross sections cut digitally at 50 foot intervals. Table A.2 lists the areas 
corresponding to each cross section. Calculation sheets (Appendix A) outline the quantity 
calculation.  

6.1.4 Select Fill 

All suitable excavated material will be re-used as fill for the new levee embankment. 
Additional fill will be required because the final embankment slope is greater than the existing 
slope. Additional fill required was quantified using the average end area method. Areas were 
determined from cross sections cut digitally at 50 foot intervals. Table A.2 lists the areas 
corresponding to each cross section. Calculation sheets (Appendix A) outline the quantity 
calculation. See Appendix A for these quantities. 

6.1.5 Haul and Disposal of Stripped Levee Material 

Disposal of Levee Stripped Material was calculated as the product of the stripped area and the 
stripping depth of 0.5 ft. See Appendix A for these quantities. 



DRAFT Design Documentation Report 
Phase 4 Yuba River South Levee Waterside Levee Slope Flattening Project 

Three Rivers Levee Improvement Authority 8 
Phase 4 Yuba River South Levee Waterside Levee Slope Flattening Project 
C:\PWworking\SAC\d0131519\Yuba River Draft BODR 06_19_2009_Client Submittal.doc June 19, 2009 

6.1.6 Class 2 Aggregate Base 

The volume of Class 2 Aggregate Base was estimated as the sum of two volumes. First the 
volume of 4 inch aggregate base material to be places across the entire levee crown from STA 
12+50 to STA 31+00 (total length of 1850 linear feet). The second is the volume of aggregate 
base material to be placed beneath the new asphalt concrete pavement at Shadpad Road. 

Each of these volumes was calculated as the product of the cross sectional area and the 
corresponding levee length. See Appendix A for these quantities.  

6.1.7 Asphalt Concrete (Type 1) 

The volume of type 1 asphalt concrete was calculated as the product of the cross sectional area 
and the corresponding levee length. See Appendix A for these quantities.  
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Table 1. Existing Waterside Levee Slopes 

Waterside Levee Slopes Waterside Levee Slopes 

Station 
2009 MHM Survey  

Steepest Slope 
Station 

2009 MHM Survey 
Steepest Slope 

3+50 3.05 : 1 (53.62%) 20+50 2.68 : 1 (37.24%) 

4+00 3.12 : 1 (32.29%) 21+00 2.66 : 1 (37.62%) 

4+50 3.18 : 1 (31.43%) 21+50 2.67 : 1 (37.17%) 

5+00 2.80 : 1 (35.7%) 22+00 2.69 : 1 (37.17%) 

5+50 2.86 : 1 (34.97%) 22+50 2.71 : 1 (36.93%) 

6+00 2.96 : 1 (33.73%) 23+00 2.94 : 1 (34.05%) 

6+50 3.01 : 1 (33.2%) 23+50 2.73 : 1 (36.63%) 

7+00 3.08 : 1 (32.4%) 24+00 2.63 : 1 (37.8%) 

7+50 3.04 : 1 (32.94%) 24+50 2.76 : 1 (36.23%) 

8+00 3.06 : 1 (32.67%) 25+00 3.04 : 1 (32.86%) 

8+50 2.89 : 1 (34.6%) 25+50 3.44 : 1 (29.08%) 

9+00 2.89 : 1 (34.6%) 26+00 3.58 : 1 (27.97%) 

9+50 3.03 : 1 (33.%) 26+50 3.44 : 1 (29.08%) 

10+00 2.77 : 1 (36.02%) 27+00 3.67 : 1 (27.22%) 

10+50 2.77 : 1 (36.08%) 27+50 2.80 : 1 (35.71%) 

11+00 2.44 : 1 (41.%) 28+00 3.64 : 1 (27.5%) 

11+50 2.93 : 1 (34.18%) 28+50 2.61 : 1 (38.28%) 

12+00 2.79 : 1 (35.99%) 29+00 2.55 : 1 (39.18%) 

12+50 2.52 : 1 (39.71%) 29+50 2.56 : 1 (39.02%) 

13+00 2.63 : 1 (38.08%) 30+00 2.77 : 1 (36.07%) 

13+50 2.59 : 1 (38.54%) 30+50 2.82 : 1 (35.5%) 

14+00 2.94 : 1 (33.96%) 31+00 2.48 : 1 (40.03%) 

14+50 2.78 : 1 (35.99%) 31+50 2.79 : 1 (35.84%) 

15+00 2.66 : 1 (37.59%) 32+00 3.44 : 1 (29.09%) 

15+50 2.70 : 1 (37.04%) 32+50 3.40 : 1 (29.37%) 

16+00 2.80 : 1 (35.77%)      

16+50 2.80 : 1 (35.72%)      

17+00 2.86 : 1 (34.92%)      

17+50 2.78 : 1 (35.93%)      

18+00 2.77 : 1 (36.06%)      

18+50 2.78 : 1 (35.93%)      

19+00 2.81 : 1 (35.37%)      

19+50 2.80 : 1 (35.68%)      

20+00 2.74 : 1 (36.56%)      
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7.0 Levee Design Criteria 

7.1 Overview of Relevant Documents 

Design criteria were established for YRSL based on published Federal and State design standards. 

 Code of Federal Regulations (CFR), Title 44, Volume 1, Chapter I, Section 65.10 (44 
CFR 65.10) 

 California Code of Regulations (CCR) Title 23 

 California Senate Bill 5 (2007) 

 Applicable USACE Publications 

7.1.1 Federal Emergency Management Agency (FEMA) Standards 

For levees to be accredited by the Federal Emergency Management Agency (FEMA), evidence 
must be provided that adequate design, operation and maintenance (O&M) systems are in place to 
provide reasonable assurance that protection from the base flood with a 1-percent annual chance 
of exceedance (i.e. 100-year flood) exists.  These requirements are outlined in 44 CFR 65.10.  

7.1.2 USACE Standards 

The USACE guidance includes design criteria for levee geometry, seepage, slope stability, 
levee settlement, and levee construction materials as well as requirements for geotechnical site 
investigations, seepage analyses, slope stability analyses, and settlement analyses.  

7.1.3 State of California Standards 

CCR Title 23 requirements for levees are similar to 44 CFR 65.10.  In 2007, California passed 
legislation (Senate Bill 5) that will require a 200-year level of flood protection as the minimum 
standard for urban areas in the Central Valley by 2025; restrictions on development in a flood 
basin may occur if significant progress does not occur by 2015. 

7.2 General Levee Geometry 

Levee geometry requirements can be found in the following documents:   

 USACE EM 1110-2-1913 dated April 30, 2000 

 USACE ETL 1110-2-569 dated May 1, 2005 

 USACE Sacramento District Geotechnical Levee Practice (REFP10L0) dated April 2008 

 CVFPB CCR Title 23 

For the Yuba River South Levee, the minimum crown width will be 20 feet.  The minimum 
waterside slopes will be 3 to 1. 
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7.3 Geotechnical Criteria 

7.3.1 Slope Stability 

Slope stability analysis should be performed in accordance with guidance found in USACE EM 
1110-2-1913 and EM 1110-2-1902.  The two loading conditions applicable to this project are 
end of construction and rapid drawdown.  Rapid drawdown should be performed for both the 
100- and 200-year WSE.  Additional analysis should be completed for the construction phase to 
ensure temporary stability of the levee slopes.  The required factors of safety for these loading 
conditions are as follows: 

 Rapid Drawdown 1.0 to 1.2 

 End-of-Construction 1.3 

 During Construction 1.1 

7.3.2 Embankment Material 

USACE Sacramento Section has instituted the following criteria for levee embankment 
material in the Geotechnical Levee Practice document: 

 Fines content greater than 30% and maximum particle size of 2 inches 

 Liquid Limit less than 45 

 Plasticity Index between 8 and 40 
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8.0 Levee Hydraulic Considerations 

The design water surface profile for both 100- and 200-year conditions were provided by MBK 
Engineers in an email dated March 4, 2009.  The 100-year water surface elevations (WSE) 
ranges from 71.98 to 72.81.  The 200-year WSE ranges from 75.26 to 76.48.  Levee crown 
elevations are around 80.00 feet, providing sufficient height above both WSE’s.  All elevations 
are in the NGVD 29. 
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9.0 Levee Geotechnical Design 

9.1 Slope Stability 

Slope stability analysis was completed utilizing the software programs UTexas4 and 
SLOPE/W.  Results from each program were compared to verify the methods used for the 
analysis.  The stratigraphy at Station 20+00 that was used in the Supplement No. 2 
Geotechnical Design Memorandum (GDM) (Kleinfelder 2006) was adopted for this analysis.  
The topography was taken from recent surveys with the exception of the waterside slope, which 
was analyzed at  to 1 to model the proposed cross section. 

9.1.1 Strength Parameters 

Subsurface stratigraphy and material properties were adopted from the GDM.  These include 

effective strength parameters of ’=28 degrees and c’=100 pounds per square foot (psf) and 

total strength parameters of =17 degrees and c=100 psf.   

9.1.2 Loading Cases 

Three loading cases were analyzed for the Yuba River South Levee.  Stability was analyzed 
during construction, at the end of construction activities and for the standard rapid drawdown 
loading case for both the 100- and 200-year WSE. 

9.1.2.1 During Construction 
Effective strength parameters were used for analyzing the stability of the slope during 
construction.  The slope will be cut back at a 3 to 1 slope for the upper portion and then 
transition to a 1 to 1 slope at the base for the key-in trench, as shown in Figure 2.  The water 
surface was assumed to be below existing ground as construction will occur during the dry 
summer months.  The required factor of safety is 1.3 (short term loading factor of safety). 

9.1.2.2 End of Construction 
Total strength parameters were used for analyzing the stability of the slope at the completion of 
construction.  Due to the non-free draining nature of the silty embankment material, pore 
pressures created during placement and compaction would not dissipate, which would impact 
the stability of the slope.  The required factor of safety per USACE guidelines is 1.2. 

9.1.2.3 Rapid Drawdown 
A three-stage computation was used for analyzing the rapid drawdown loading case.  A bilinear 
strength envelope was adopted from the GDM and was created in accordance with USACE EM 
1110-2-1902, Appendix G, using both effective and total strength parameters.  Analysis was 
run for both the 100- and 200-year WSE.  The WSE was drawn down from each WSE to an 
elevation of 60 feet (NGVD 29) and internal pore pressures were not allowed to dissipate. 

The required factor of safety for the rapid drawdown loading condition varies between 1.0 and 
1.2.  This is dependent on the duration of the flood event.  For the purposes of this report, the 
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conservative FS of 1.2 was selected as this portion of levee has failed in the past and 
conservative measures should be taken to ensure the levee integrity is retained. 

9.1.3 Existing Conditions 

An analysis of the existing conditions was performed to update the GDM with new survey 
information to provide a baseline for other analyses. The existing conditions assume a 2.7 to 1 
waterside slope and were completed for the rapid drawdown case for both 100- and 200-year 
conditions.  Figures 3 and 4 show the UTexas4 model output for the existing conditions.  The 
resulting factors of safety were 1.21 for the 100-year WSE and 1.20 for the 200-year WSE. 

9.1.4 Results of Analysis 

Table 2 summarizes the calculated factors of safety for the three loading conditions described 
above.  As shown, all loading cases met the required factors of safety as prescribed in  
Section 3.3.1.  Model output for each loading case can be found in Figures 5 through 12. 

Table 2. Results of Stability Analysis 

Loading Case 

Factors of Safety 

Required SLOPE/W UTexas4 

During Construction 1.3 2.23 2.23 

End of Construction 1.3 1.53 1.49 

Rapid Drawdown - 100 Year 1.2 1.29 1.23 

Rapid Drawdown - 200 Year 1.2 1.21 1.20 

 
9.1.5 Supplemental Analysis 

Additional analyses were run to supplement the main analysis at Station 20+00.  This includes 
the access road crossing around Station 12+50 as well as a critical analysis of factor of safety 
versus slope for the rapid drawdown loading condition. 

9.1.5.1 Stability at Road Crossing 
At Station 12+50, an access road crosses the levee.  The ramp embankment abuts the waterside 
slope of the levee in this area and provides additional stability.  The waterside slope of the 
roadway embankment is 2.5 to 1, which does not meet the project criteria.  The theoretical 
levee prism would be contained within the widened embankment but the stability of the slope 
was not known.  In order to prevent the removal of the access road, the slope was analyzed for 
the rapid drawdown loading case.  The resulting factor of safety is 1.58, as shown in the model 
output displayed in Figure 13.  This result suggests the existing levee embankment is stable in 
this area and the slope does not have to be altered. 

9.1.5.2 Critical Factor of Safety Analysis 
Table 3 was created in order to accommodate the unknowns with regards to the rapid 
drawdown factor of safety.  Models were run for a range of slopes to find the critical slope for 
factors of safety of 1.0 and 1.2.  As shown in Table 1, slopes flatter than 2.7H:1V will not meet 
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the project requirements of 2.0 factor of safety.  Should the required factor of safety drop to 1.0, 
slopes must be steeper than 2.H:1V. 

Table 3. Critical Factors of Safety 

Slope (:1) Factor of Safety 

1.9 0.998 

2.0 1.023 

2.1 1.050 

2.2 1.078 

2.3 1.099 

2.4 1.129 

2.5 1.154 

2.6 1.178 

2.7 1.207 

2.8 1.230 

2.9 1.254 

3.0 1.277 

 

9.2 Imported Material Requirements 

In accordance with USACE criteria, all imported fill shall meet the requirements below.  
Imported select fill shall be blended with excavated levee material prior to placement to avoid 
localized areas of varying composition. 

 Soil classified as silty sand (SM), clayey sand (SC), silt (ML) or clay (CL) 

 Fines content greater than 30% and maximum particle size of 2 inches 

 Liquid Limit less than 45 

 Plasticity Index between 8 and 40 

9.3 Field Compaction and Moisture Control 

Compaction requirements will meet USACE criteria and will be consistent with previous 
phases of TRLIA levee work.  As such, the requirements for this project shall be a minimum 
compaction of 90% of maximum dry density per ASTM D 1557 (95% per ASTM D 698) with 
a moisture content ranging from -1% to +3% of the optimum moisture content.  The top 12 
inches of fill below the levee crown shall be compacted to a minimum 95% (97% per ASTM D 
698) of the maximum dry density per ASTM D 1557. 
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Rapid Drawdown (200 Year) with Existing Conditions at Station 20+00
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UTexas4 Model Results – During Construction Loading Case at Station 20+00
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UTexas4 Model Results – End of Construction Loading Case at Station 20+00
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Feather Basin HEC-RAS Calibration - January 1997 Event
Water Surface Elevation

Feather River at Gridley (50.75) - USGS 11407150
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FIGURE 10 

Feather Basin HEC-RAS Calibration - January 1997 Event
FLOW

Feather River at Gridley (50.75) - USGS 11407150
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FIGURE 11 

Feather Basin HEC-RAS Calibration - January 1997 Event
Water Surface Elevation

Feather River at Yuba City (27.952) - DWR A05135
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FIGURE 12 

Feather Basin HEC-RAS Calibration - January 1997 Event
Water Surface Elevation

Feather River at Nicolaus (8.00) - DWR A05103
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Feather Basin HEC-RAS Calibration - January 1997 Event
FLOW

Feather River at Nicolaus (8.00) - DWR A05103
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FIGURE 14 

Feather Basin HEC-RAS Calibration - January 1997 Event
Water Surface Elevation

Sacramento River at Verona (78.75) - USGS 11425500
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FIGURE 15 

Feather Basin HEC-RAS Calibration - January 1997 Event
FLOW

Sacramento River at Verona (78.75) - USGS 11425500
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FIGURE 16 

Feather Basin HEC-RAS Calibration - January 1997 Event
Water Surface Elevation

Yolo Bypass near Woodland (51.21) - USGS 11453000
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FIGURE 17 

Feather Basin HEC-RAS Calibration - January 1997 Event
FLOW

Yolo Bypass near Woodland (51.21) - USGS 11453000
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FIGURE 18 

Feather Basin HEC-RAS Calibration - January 1997 Event
Water Surface Elevation

Yuba River near Marysville (6.09) - USGS 11421000
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FIGURE 19 

Feather Basin HEC-RAS Calibration - January 1997 Event
FLOW

Yuba River near Marysville (6.09) - USGS 1142100
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FIGURE 20 

Feather Basin HEC-RAS Calibration - January 1997 Event
Water Surface Elevation

Sutter Bypass at PP#3 (85.06)
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FIGURE 21 

Feather Basin HEC-RAS Calibration - January 1997 Event
Water Surface Elevation

Sutter Bypass at PP#2 (78.16)
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FIGURE 22 

Feather Basin HEC-RAS Calibration - January 1997 Event
Water Surface Elevation

Sutter Bypass at PP#1 (69.00)
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FIGURE 23 

Feather Basin HEC-RAS Calibration - January 1997 Event
Water Surface Elevation

Sutter Bypass at Willow Sl. (67.38) - DWR A02943
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FIGURE 24 

Feather Basin HEC-RAS Calibration - January 1997 Event
Water Surface Elevation

Sutter Bypass at RD1500 Pump Plant (58.81) - DWR A02927
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